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Abstract 
The aim of this short paper is to present the state of the art in the area of unique communication 

environment when foodborne illness due to contamination with food appears. These situations request a 
very specific behavior and reaction of the food supply chain managers towards consumers. Risk Perception 
Model and Good Practices for Risk Communication seeks for solutions which should not be restricted to 
negative messages and warnings but should include positive ‘educational messages’. It is very important 
to respect all good practices in food supply chains/nets which are in function. Regarding information chan-
nels, we should use all available, but tailor the information to bring proper information, awareness and 
action to the audience.
Keywords: foodborn illnesses; food supply managers; risk perception model; information channels

Резюме 
Целта на този обзор е да представи настоящото състояние на изследванията в областта на 

уникалната комуникационна среда, когато се появяват хранителни заболявания, дължащи се на за-
мърсяване с храна. Тези ситуации изискват много специфично поведение и реакция от страна на 
мениджърите на веригата за доставка на храни към потребителите. Моделът за възприемане на ри-
ска и добрите практики за комуникация с риска се стремят към решения, които не трябва да се 
ограничават до отрицателни послания и предупреждения, а трябва да включват положителни «об-
разователни послания». Много важно е да се спазват всички добри практики във веригите, които 
предлагат храни. По отношение на информационните канали трябва да използваме всички налични, 
но да приспособяваме информацията, за да я поднесем на аудиторията в подходяща форма, с необ-
ходимата коректност.

* Corresponding author:
e-mail: peter.raspor@guest.arnes.si

Introduction 
A foodborne illness event creates a unique 

communication environment, as foodborne illness 
is both a risk to the individuals not infected and a 
crisis to those experiencing symptoms – this is what 
shapes perceptions of risk. Consumer perceptions 
of risk are essential (Hyer and Covello, 2007). A 
food incident which can cause foodborne illness is 
where concerns about actual or suspected threats to 
the safety or quality of food start and this is where 
intervention is required to protect consumers. Tay-
lor and others (2012) pointed out that safety and 
quality associated with the production, marketing 

and consumption of food, together with overall lev-
els of trust in the food supply chain, are increasing 
in importance in our society. Incidents are clustered 
in two categories: the one happening in the food net, 
like contamination of food or animal feed in pro-
cessing, distribution, retail and catering, resulting 
in action to withdraw the food from sale or recall it 
from the public, or the one resulting from environ-
mental pollution incident, like fire, chemical spills 
or radiation. Respecting the consequences, they de-
serve equal attention. Food quality and food safety 
have become a hot topic in mass media. Consumers 
have become increasingly concerned and demand-
ing about the quality and safety of food they are 
eating. The increased demand for safer food has re-
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sulted in the development and introduction of qual-
ity management systems, which are used to control 
the quality and safety of products like standards and 
good practices (Raspor et al., 2013). Food safety 
requirements with changes in food supply chains, 
social, health and demographic situations, lifestyle 
and environmental conditions have led to signifi-
cant efforts in the development of quality manage-
ment system (QMS) in agribusiness and food in-
dustry worldwide. Because quality systems differ 
in several aspects, they are combined or integrated 
to assure more aspects of food quality. Quality is 
divided into aspects of product safety, product qual-
ity and total quality, which embrace products safe-
ty and quality (Raspor and Jevšnik, 2008). Despite 
significant investment, the incidence of food borne 
diseases still increases. Food-borne diseases caused 
by microbiological hazards are a public health 
problem in Europe and worldwide. Mishandling of 
food plays a significant role in the occurrence of 
foodborne illness, which affects almost 1 in 10 peo-
ple globally who become ill every year from eat-
ing contaminated food, and 420 000 die as a result 
(WHO, 2015). According to the last official report 
from the European Food Safety Authority (EFSA), 
a total of 43.3% of reported foodborne outbreaks 
(with convincing evidence) in Europe have been 
traced to food eaten in professional food service 
settings (EFSA and ECDC, 2016). Among profes-
sional settings, catering establishments represent 
the major share.

Food and health professionals, government 
officials, industry representatives, and others who 
communicate with consumers about risks may 
struggle to understand why people make the deci-
sions they do (Jevšnik et al., 2008). The communica-
tor can become frustrated when the consumer does 
not read or listen carefully to understand potential 
risks, or does not seek out additional information 
in order to make informed decisions. In daily life, 
consumers do not see and think about risk in the 
same way that experts think about it (Witte, 1992). 
Consumers start to think when something starts go-
ing the wrong way, for that reason it is very impor-
tant to keep them alert for contamination episodes. 
Ma (2016) emphasized that efforts to protect public 
health and reduce foodborne illness outbreaks will 
not be fully effective unless the resulting informa-
tion is communicated to consumers. Improved food 
safety communication can not only help consumers 
in making safer food choices and thus reduce the 
instances of outbreaks, but can also provide moti-
vation for businesses (e.g. restaurants) to strength-

en their food safety controls. In fact, studies have 
shown that informing consumers about food safety 
will influence their behaviors (Choi et al., 2011; 
Porucznik and Royal DeLegge, 2013), and com-
municating food safety information with consum-
ers, such as publishing restaurant inspection scores, 
helps to improve food safety controls (Almanza et 
al., 2002; Jin and Leslie, 2002).

Regarding current information channels on 
food safety, it is passed on to the consumers via 
different media like, newspapers, magazines, radio, 
TV, internet tools/Youtube, Facebook, Twitter and 
other social media messages. Never before had we 
had so many channels open for information flow. 
The fast development of electronic communica-
tions is also taking over in the area of food safety 
communication. The rise of the Internet, portable 
digital electronic communication devices, and so-
cial media are profoundly changing the way people 
communicate. Communicating risks has become a 
core ingredient in the regulatory functions of gov-
ernment, interest group advocacy, public health, 
and corporate relations. The channels of risk com-
munication have grown in complexity along with 
the development and expansion of the Internet and 
the birth of personalized blogging. The paper of 
Krimsky (2007) concludes that the Internet, as il-
lustrated by the Google search engine, has created 
more opportunities for citizen learning and expand-
ed the breadth and channels of risk communication, 
while also providing new opportunities for stake-
holders to influence the message. Since democra-
tization of information does not necessarily create 
greater concordance between the cultural and tech-
nical assessment of risk, we have to be especial-
ly careful about adopting relevant communication 
tools. Ma (2016) established that the Internet was 
consumers’ preferred media choice for food safety 
communication. Among Internet-based platforms, 
websites were most preferred. Media, information, 
and source characteristics interact in influencing 
consumers’ experience with the websites and lat-
er communication outcome. It is very important 
to maintain or improve information quality while 
offering media functionalities that reduce users’ ef-
forts in information seeking.

Hazard – something that can go wrong; Prob-
ability – likelihood of it happening; Consequences– 
implications of hazard; Value – subjective evalua-
tion of the relative importance of what might be lost 
(Raspor and Jevšnik, 2016). We have to deal with 
two faces of the same issue. 

Based on our attitudes to this important issue, 
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we can analyze how the conceptual approach has 
been changing in this fast developing area. In par-
ticular, we are aware of the extreme importance of 
legislation and the advent of good practices, where 
HACCP is a dominant scheme for food safety as-
surance on global level (Raspor et al., 2012). Even 
more, if we link it to the growing industrial pro-
duction and processing of food and globalization 
trends in food supply nets, we face shifts also on the 
communication side, not just because hardware and 
software have changed. Taking into account such 
development, risk communication has also been 
developing historically. For clarity, we could clus-
ter this development in 4 phases. Phase 1 (1975-
1985): emphasis on comparative risk estimates, 
“arrogance of technical expertise”. Phase 2 (1985-
1995): emphasis on successful communications, 
practices from modern marketing, limited success 
due to lack of trust. Phase 3 (1995-2005): empha-
sis on social context, trust through commitment. 
Phase 4 (2005-now): emphasis on comprehensive 
approach involving new communication means on 
global scale.

This paper presents state of the art in the area 
of unique communication environment when food-
borne illness starts due to consumption of contam-
inated food and requests a very specific behavior 
and reaction of managers of food supply chains to-
wards consumers.

Methodology 
The methods of research are based on various 

search engines of a selection of key words and their 
combinations. We applied searching platforms, like 
ScienceDirect: (http://www.sciencedirect.com/) 

PubMed http://www.ncbi.nlm.nih.gov/pubmed and 
http://scholar.google.com/ in preselected sets of 
key terms relevant to this study. Then the articles 
were analyzed for the purpose of this paper.

Results and Discussion
Three characteristics distinguish a crisis from 

an unpleasant occurrence: surprise, threat, short re-
sponse time (Herman, 1963; Ulmer et al., 2009). 

Based on these characteristics, a foodborne 
illness outbreak is a crisis since individuals expect 
that the food they have purchased will be safe and 
are surprised when it is not. The presence of micro-
bial contaminants in the food has the potential to 
cause an array of issues from discomfort to death, 
which indicates threat of serious illness and if not 
addressed and contained, contaminated food could 
be widely distributed and consumed due to short 
response time which is connected to characteristics 
of microbial growth. 

Taking into account the current practice of 
risk communication, it is essential and relevant to 
consider four elements (Table 1). Ma (2016) in her 
study showed three information and source charac-
teristics – trustworthiness, timeliness, and accura-
cy, along with three platform features – search abil-
ity, interactivity, and enhanced usability (including 
visuals and links) were most important when users 
formed their perceptions (self, response, process, 
and information efficacies) towards the website 
and the information communicated. This shows 
that while the communication channel is important 
in determining communication outcomes, informa-
tion quality also plays a central role (Ma, 2016).

The source of information (Table 2) is very 

Table 1: Four elements in risk communication practices

Table 2: Most common sources of food safety related information in last decades

• Research level
• Education level
• Public Organizations Responsible for Food Safety level
• Consumer organizations level
• Food business operators level

• The message (information)
• The source (origination point of message)
• The channel (path)
• The receiver (termination point)
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important, however, it is not always well structured 
and expressed. In the current practice, we mostly 
face various sources of information and they ap-
proach the issue from their own perspective, which 
is frequently overloaded with characteristics specif-
ic to the source. Ma (2016) discovered that consum-
ers commonly identify the websites for information 
through the use of search engines. This highlights 
the need for government and health agencies that 
are interested in communicating food safety infor-
mation to the public to do their best to get “found”. 
Overall, good practices include adding more rele-
vant keywords, providing timely updates, and in-
corporating links from other trustworthy sources.

Consumers filter the risk information based 
mostly on their experience that affects what they 
hear, how they process and come to understand the 
information, what they conclude, how they react 
upon being informed and finally how they actu-
ally act (Table 3). For the average consumer, risk 
is highly subjective and the wording is not always 

well understood (Ambrožič et al., 2010). Con-
sumer behavior and attitudes towards food safety 
show that the levels of understanding, motivation 
and trust need to be further cultivated. It has been 
shown that the present maintenance of food safety 
in the food chain can easily break down because of 
different kind of barriers or simple misunderstand-
ing (Raspor and Jevšnik, 2016). The maintenance 
of information quality along with better media 
functionalities could improve communication out-
comes (Ma, 2016).

In a foodborne illness event (Wilcock et al., 
2004), if an individual does not receive risk mes-
sages early enough, the individual will be unable 
to protect him or herself from potential harm. Thus, 
risk messages should be distributed through a va-
riety of formats and channels in order to reach the 
greatest number of affected publics. Ma (2016) 
pointed out that individuals only perceive a risk 
if a foodborne illness outbreak is personally rele-
vant to them. This implies that more localized and 

Table 3: The most common communication problems in current practice

• The information is not what the audience wants to hear
• The information is poorly presented
• The information is improper
• The information is not understood
• The information comes from the wrong source
• The information is sent via the wrong channel to reach target audience

Table 4: The conceptual characteristics of the process of sensemaking process followed after crisis com-
mence (Weick, 1995)

1. It has to be grounded in identity construction- Identity and identification is central 
2. It has to be retrospective- Retrospection provides the opportunity for sensemaking
3.  It has to be enactive of sensible environments- People enact the environments they face in 

dialogues and narratives
4.  It is an interaction and interactive process- Sensemaking is a social activity in which plausible 

stories are preserved retained or shared
5.  Sensemaking is an ongoing process- The basic idea of sensemaking is that reality is an ongoing 

accomplishment that emerges from efforts to create order and make retrospective sense of what 
occurs- so individuals simultaneously shape and react to the environments they face

6.  Focused on and by extracted cues- People extract cues from the context to help themselves decide 
on what information is relevant and what explanations are acceptable

7.  Driven by plausibility rather than accuracy- People favor plausibility over accuracy in accounts of 
events and contexts
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timely (e.g. real-time) updates may be needed in 
communicating about foodborne illness outbreaks. 
As such, health departments may be uniquely po-
sitioned to be the center for communications of 
foodborne illness outbreaks as they are, in general, 
more aware of local events and have more specific 
information for consumers. 

It is difficult to cope with all the novelties 
and innovations since it is not always clear what is 
actually new and what is merely an improvement 
of existing techniques or protocols. The compila-
tions of different authors or authorities around the 
world are attempting to solve this issue. Howev-
er, such information can provide a reference for 
processors worldwide searching for better ways to 
improve food safety in their plants. The new tech-
nologies have to bring significant improvements 
into the safety of food. Increased public and indus-
try awareness of the new technologies being used 
could further promote their use, by small and very 
small plants in particular, towards improving the 
safety of food products. The new technologies list-
ed should be viewed as information of the current 
state of the art (Raspor and Jevšnik, 2009).

Risk communication rises to the challenge of 
bridging the expert analysis of the risk equation on 
one side and public reaction and action on the other.

However, many researchers and practitioners 
in this area in the past wanted to make sense of an 
incident. The process of sense making sensemak-
ing as seen by Weick (1995) outlines 7 propertie,s 
which were in the last century additionally extend-
ed and cemented but conceptually preserved the ba-
sic outline (Table 4).

When we go further with analyses of cases 
which happened in the last decades, we could iden-
tify many phases within every crisis. It is interest-
ing that some of them only had a few phases, some 
more. In conceptual thinking, we should have sev-
en steps which might overlap when necessary to be 
used as a relevant tool (Table 5).

During each phase in this scheme, we need 
relevant tools and procedures. In current practices, 
there are many Risk and warning message models 
which may address hazards in food supply chain. 
The most typical in the food supply chain is HAC-
CP. However, there are currently many practices 
around the globe to communicate risks to the pub-

Table 5: Seven phases along the food borne crisis 

1. Admonishment; 
2. Risk Assessment; 
3. Response; 
4. Management;
5. Resolution; 
6. Recovery;
7. Alert for the next event

Table 6: The elements of Good Practices for Risk Communication adopted from Sellnow et al. (2009)

1. Infuse Risk Communication into Policy Decisions;
2. Treat Risk Communication as a Process;
3. Account for the Uncertainty Inherent in Risk;
4. Design Risk Messages to be Culturally Sensitive;
5. Acknowledge Diverse Levels of Risk Tolerance;
6. Involve the Public in Dialogue about Risk;
7. Present Risk Messages with Honesty;
8. Meet Risk Perception Needs by Remaining Open and Accessible to the Public;
9. Collaborate and Coordinate About Risk with Credible Information Sources;
10. Do not delay decisions
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lic. Each of actual practices is specifically designed 
to address specific risk or threat and specific clus-
ter of people. Each of them has some specifici-
ties, since it is tailor-made for the purpose. Good 
Practices for Risk Communication (Sellnow at al., 
2009) as stated gives a sufficient platform for acting 
in such circumstances (Table 6).

There are a number of functions that a risk 
communication program and Good Practices for 
Risk Communication might seek to fulfill. One of 
the most needed element is adequate communi-
cation language. If we leave aside the problem of 
translation of important food terms from one lan-
guage to another, we still have to admit that there 
are three languages communicating food/health 
risk in current communication practices: profes-
sional, public and language which started to be 
used by communicators in the name of the one 
who is addressing this issue to the general public. 
Two of them (professional, public) are well artic-
ulated. The one which is commencing in the cur-
rent communication space by risk communicators 
needs further support from the professional side but 
also from the side of particular national language to 
adopt and integrate many newly coined “scientific 
terms” to publicly understandable level. Ma (2016) 
showed three information and source characteris-
tics – trustworthiness, timeliness, and accuracy, 
along with three platform features – search abili-
ty, interactivity, and enhanced usability (including 
visuals and links) were most important when us-
ers form their perceptions (self, response, process, 
and information efficacies) towards the website and 
the information communicated. This shows that 
while the communication channel is important in 
determining communication outcomes (Ma, 2016), 

information quality also plays a central role. Con-
sequently, we have to take professional and public 
language in proper perspective, and we have to im-
plement also developments in food supply nets into 
clear vocabulary used in mass communication of 
risks when needed. The Risk Communicator pro-
fession entering into practice shall be dressed up 
with all relevant skills for highly professional work 
(Table 7). 

Additionally, the audience plays an important 
role. It includes consumers who will encompass 
both old and young as well as food and nutrition 
enthusiasts, shareholders, organized groups, busi-
nesses, special needs consumers (mothers, sick, 
etc.), hospitals and nursing homes, politicians, poli-
cy makers and so on. Ma (2016) established that the 
risk is perceived only when it is personally relevant. 
This implies that more localized and timely (e.g. 
real-time) updates may be necessary in communi-
cating about foodborne illness outbreaks. As such, 
health departments may be uniquely positioned to 
communicate foodborne illness outbreak informa-
tion, as they are generally more involved and aware 
of local outbreaks. Entities interested in communi-
cating food safety information may consider work-
ing with local health departments in the attempt to 
improve the communication outcome (Ma, 2016).

Understanding Risk Perception is not always 
easy and it can be easily interpreted in the wrong 
direction. To avoid such situation, one can help 
with descriptive analysis (Table 8). 

Crisis communication is marked by three dis-
tinct phases: pre-crisis, acute crisis and post-crisis 
(Coombs, 2007). The pre-crisis stage is marked 
with messages intended to mitigate harm and en-
courage preparation for the crisis. Communication 

Less Risky
• Individual Control
• Voluntary
• Familiar
• Low Dread
• Affects Everybody
• Naturally Occurring
• Little Media Attention 
• Understood
• High Trust
• Consequences Limited/Known
• Benefits Understood
• Alternatives Available

More Risky
• Controlled by Others
• Involuntary
• Unfamiliar
• High Dread
• Affects Children
• Human Origin
• High Media Attention
• Not Understood
• Low Trust
• Catastrophic Consequences
• Benefits Unclear
• No Alternatives

Table 7: The impact of language style and format when communicating indicated risk in public
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Relevance of the issue The message from 
Professional 

Interface - Risk 
Communicator

The message from 
Media to Public

Perception Position Scientific ? Intuitive
Probabilistic ? Yes/No

View point Acceptable Risk ? Safety concerns
Awareness Case specific ? Generalization 
Point of interest Comparative Risk ? Discrete Events

Affection scale Average population impact ? Personal individual 
Consequences

Emotional issues A death is a death ? Suffering issues

Table 8: Descriptive element to allocate particular case in less and more risky cluster of food event 

Table 9: Five stage model for responding in situations of high concern and/or low trust

1. Active listening and emphatic responses
2. Provide short clear statements of findings - your main point
3. Provide 1-2 facts to support main point
4. Repeat the statement/main point
5. Next steps/follow-up by provider and patient

Table 10: Major Rules of Risk Communication (based on Covello and Allen, 1988)

1. Accept and involve public as a legitimate partner
Your goal is to produce an informed public, not to defuse public concerns or replace actions.
2. Plan carefully and evaluate your performance
Different goals, audiences, and media require different actions.
3. Listen to the public’s specific concerns
People often care more about trust, credibility, competence, fairness, and empathy than about 
statistics and details.
4. Be honest, frank and open
Trust and credibility are difficult to obtain; once lost they are almost impossible to regain.
5. Coordinate and collaborate with other credible sources
Conflicts and disagreements among organizations make communication with the public much more 
difficult.
6. Meet the needs of the media
The media are usually more interested in politics than risk, simplicity than complexity danger than 
safety.
7. Speak clearly and with compassion
Never let your efforts prevent your acknowledging the tragedy of an illness, injury, or death. People 
can understand risk information, but they may still not agree with you; some people will not be 
satisfied.
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in the acute phase of a crisis involves disseminat-
ing, instructing and adjusting information to help 
individuals cope with the crisis event. Finally, 
post-crisis communication provides an opportuni-
ty for communication after activities have returned 
to normal, specifically providing an opportunity to 
explain organizational learning and renewal (e.g., 
what led to the contamination, what is being done 
to ensure that another contamination will not oc-
cur, and information about their turned safety of the 
contaminated product) (Table 9). 

Risk Perception Model and Good Practices 
for Risk Communication (Table 10) seeks for solu-
tions which should not be restricted to negative 
messages and warnings but should include posi-
tive ‘educational messages’ (Jevšnik et al., 2008a; 
Raspor, 2008). Due to fast spreading of information 
and rumor mills this is not so trivial to achieve in 
current world. However, the basic rules as designed 
by the U.S. Environmental Protection Agency are 
still fit for the purpose.

Results showed that consumers demonstrated 
judgments of `optimistic bias” and the `illusion of 
control’, as well as notions of perceived invulner-
ability to food poisoning from self-prepared foods 
(Ovca et al., 2014; Ovca et al., 2016). Statistical 
associations between perceptions of personal risk, 
control and responsibility and risk and control at-
tributed to `other people’ have been identified. The 
results of Ma (2016) study indicated that provid-
ing high-quality information (information that is 
accurate, up-to-date, and trustworthy) should still 
be the priority in communicating foodborne illness 
outbreak information. When information quality is 
maintained, Internet-based platforms offer great po-
tential to broaden food safety communication and 
protect public health. These findings may have neg-
ative implications for the effectiveness of consumer 
food safety education initiatives. It is suggested that 
consideration of such judgments and associations 
during the development of future consumer food 
safety risk communication strategies may increase 
their effectiveness also at home (Redmond and 
Griffith, 2004; Jevšnik et al., 2011; Raspor et al., 
2013).

Conclusion 
Ma (2016) pointed out that traditionally, food 

safety information has been communicated through 
push media that are passive in message delivery, 
such as TV and newspapers. In fact, the most com-
mon outlets for food safety information have been 

newspapers, television, and radio (Almanza et al., 
2003). Food safety communication in the sense 
stressed by Ma (2016) is similar to marketing com-
munication; if you want consumers to use the infor-
mation, it is important to make it easy for them to 
find such information – and one way to achieve this 
is to draw consumers’ attention to the most impor-
tant and relevant part of information. 

It is necessary to respect all good practices in 
the food supply chains/ nets (Raspor and Jevšnik, 
2016) or at least major Rules of Risk Communi-
cation as specified in this paper. A fundamental 
concept of risk communication is that people ex-
periencing stress typically have difficulty hearing, 
understanding, and remembering information. A 
central issue of risk communication is that people’s 
perceptions of the magnitude of risk are influenced 
by many factors, some of which are very diffused 
and hard to define. Sandman (1989) pointed out 
that there is low correlation between the technical 
seriousness of a risk (for example, how many peo-
ple die from the risk) and its cultural seriousness 
(for example, how many people get upset by the 
risk and how badly it upsets them). So when we are 
in a situation to address people we have to perform 
this in an honest and open way, telling them what 
can be done to cause as little damage as possible.

Assessing all interactions within food supply 
chains, we see that many contact points do not have 
the attention they would deserve. This complexity 
opens a question: shall we really discuss the future 
of food safety management in a food chain? This 
implies that we accept linearity as a key principle 
in current food systems. We know from daily prac-
tice that this is not the case (Raspor and Jevšnik, 
2016). Thus, we shall start to redesign our approach 
and thinking, and we shall start to think about food 
supply networks where Risk communication is ex-
pressed and well promoted. Only such holistic ap-
proach will build an efficient system and mutual 
trust between food suppliers and food consumers.
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Abstract
The aim of the work was to summarize some specific characteristics of Helicobacter pylori strains 

and infection in Bulgaria according to our studies. Data of our studies, mostly those from the last decade 
are discussed. Infection seroprevalence dropped from 82.6% to 72.4% in adult blood donors over 18 years, 
being only 24.2% in children. Virulence genes were frequent (>80%) in strains from symptomatic patients 
for vacuolating cytotoxin (vacA) s1a and cytotoxin-associated gene A (cagA) and outer inflammatory pro-
tein (oipA) in active status. In  Bulgaria, vacA i alleles were more useful to determine the strain virulence 
compared with other vacA alleles. Using EUCAST breakpoints, overall H. pylori resistance rates were: 
metronidazole 33.8%, clarithromycin 28.1%, levofloxacin 19.4%, amoxicillin 4.0% and tetracycline 3.7%. 
Multidrug resistance was found in 4.2% of untreated and more often (15.4%) in treated adults, and in 1.2% 
of untreated children. Risk factors, resistance evolution and extended anamnesis are discussed. Lactoba-
cillus delbrueckii subsp. bulgaricus strains inhibited the growth of a portion of H. pylori strains, including 
those resistant to antibiotics. Neutralized filtrates of 7 strains suppressed the growth of >2/3 of H. pylori 
strains. There was an association between regular honey consumption and a lower infection rate, and an 
inverse association between honey and yoghurt intake and anti-CagA antibodies against virulent strains. 
In conclusion, although the infection prevalence decreases in younger people, still the high infection prev-
alence, common virulence genes, increasing resistance to clarithromycin and quinolones and multidrug 
resistance show that H. pylori infection problem in our country is not yet fully resolved.
Keywords: Helicobacter pylori, seroprevalence, virulence, antibiotic resistance, multidrug, non-antibiotic, 
dietary

Резюме
Цел на работата беше да се обобщят някои специфични характеристики на Helicobacter pylori 

щамовете и инфекцията в България според нашите изследвания. Обсъдени са данните от нашите 
проучвания, предимно тези от последното десетилетие. Серопревалирането на инфекцията спадна от 
82.6% на 72.4% при донори на възраст 18 г., като беше само 24.2% при децата. Гените за вирулентност 
бяха чести (>80%) при щамовете от симптоматични пациенти за вакуолизиращия цитотоксин (vacA) 
sla и цитотоксин-асоциирания ген А (cagA), както и на външния протеин на възпалението (oipA) 
в активен статус. В нашата страна, vacA i алелите бяха по-полезни за определяне на щамовата 
вирулентност в сравнение с другите vacA алели. С граничните стойности на EUCAST, общите 
честоти на резистентност на H. pylori бяха: metronidazole 33.8%, clarithromycin 28.1%, levofloxacin 
19.4%, amoxicillin 4.0% и tetracycline 3.7%. Множествена резистентност беше намерена при 4.2% 
от нелекуваните и по-често (15.4%) при лекуваните възрастни, както и при 1.2% при нелекуваните 
деца. Дискутирани са рисковите фактори, еволюцията на резистентността и разширената анамнеза. 
Щамовете Lactobacillus delbrueckii subsp. bulgaricus инхибираха растежа на част от Н. pylori 
щамовете, включително тези, резистентни към антибиотици. Неутрализираните филтрати от 7 щама 
потиснаха растежа на >2/3 от Н. pylori щамовете. Имаше връзка между редовната консумация на 
мед и по-ниската честота на инфекцията и обратната връзка между консумацията на мед и кисело 
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мляко и анти-CagA антителата срещу вирулентните щамове. В заключение, въпреки че честотата 
на инфекцията намалява при по-младите хора, все още нейното разпространение, честите гени на 
вирулентност, повишаващата се резистентност към clarithromycin и хинолони и множествената 
резистентност показват, че проблемът с H. pylori инфекцията у нас все още не е напълно решен.

Introduction
Helicobacter pylori is an important and 

frequent pathogen for humans and is close-
ly associated with chronic gastritis, duodenal 
and gastric ulcers, gastric cancer and mucosa- 
associated lymphoid tissue (MALT) lymphoma 
(Kusters et al., 2006; Bagheri et al., 2013; Pelli-
cano et al., 2016). The bacteria have an arsenal of 
numerous virulence factors and associated genes 
such as cag pathogenicity island (cagPAI)- a com-
plex of many genes including cytotoxin-associat-
ed gene A (cagA) and cytotoxin-associated gene E 
(cagE), vacuolating cytotoxin (vacA), outer inflam-
matory protein (oipA), duodenal ulcer promoting 
(dupA) gene, blood group antigen binding adhesin 
(babA2), outer-membrane protein homB and others 
(Shiota et al., 2013; Kalali et al., 2014).

The bacteria infect more than half of the 
world’s population and the bacterial species is con-
sidered as a class I carcinogen (the group of most 
powerful carcinogens) by the World Health Organi-
zation (Wroblewski et al., 2010). 

H. pylori seroprevalence 
The prevalence of H. pylori infection has 

been found to widely vary, being higher in the de-
veloping countries compared with the developed 
countries (Mentis et al., 2015). High infection 
prevalence (>50-70%) was found in South Ameri-
ca, Africa and Asia, and lower prevalence has been 
reported in North America and northern Europe 
(30-40%), (Kusters et al., 2006, Eusebi et al., 2014; 
Garza-Gonzalez et al., 2014; Mentis et al., 2015). 
In Southeastern Europe, H. pylori prevalence has 
frequently been >50% and high (>82%) rates have 
been found in Portugal and Turkey (Eusebi et al., 
2014).

In Bulgaria, H. pylori seroprevalence has 
decreased, although rather slowly (from 82.6 to 
72.4%), over 18 years among adult blood donors 
(Fig. 1). The prevalence of both H. pylori antibodies 
and antibodies against cytotoxin-associated gene A 
protein (CagAIgG) indicating virulent strains (in 
about 2/3 of the donors) was high (Yordanov et al., 
2016). However, among the asymptomatic chil-
dren aged 1-17 years, only 24.2% were positive for 
the infection, and CagA seroprevalence among the 

positive was 40.0% (Yordanov et al., 2017a). This 
shows a decrease in the infection due to improved 
socio-economic conditions and frequent antibiotic 
use, but on the other hand, the problem of infection 
in our country remains not fully resolved. 

Seroprevalence was linked to age, female 
sex, number of siblings and mother’s educational 
level (Yordanov et al., 2016).

Oral H. pylori 
Given that oral-oral transmission is one of the 

most important transmission routes of the transmis-
sion of the infection, the increasing interest in oral 
H. pylori has been justified (Adler et al., 2014).

In our study, the frequency of oral H. pylori 
was very low (2.3%), however, in the oral cavity 
of a child with both gingivitis and gastritis, a high-
ly virulent (cagA+/vacA s1 type) H. pylori strain 
with a double resistance (to metronidazole and clar-
ithromycin) was isolated and evaluated by 4 meth-
ods: culture, immunofluorescent microscopy using 
monoclonal antibodies, PCR and antibiotic suscep-
tibility testing (Boyanova et al., 2013a). The oral 
strains can be a potential source of infection or rein-
fection with virulent and antibiotic resistant strains. 

Although the role of oral H. pylori is still a 
controversial topic, Bharath et al. (2014) have re-
ported the presence of the same strain simultane-
ously in the supragingival plaque and gastric muco-
sa. In a review article, it has been suggested that the 
oral cavity may be an important H. pylori reservoir 
and can be associated with the relapse of the infec-
tion (Adler et al., 2014). 

H. pylori virulence gene arsenal 
H. pylori is the causative agent of chronic 

gastritis, peptic ulcers, gastric cancer and MALT 
lymphoma (Wroblewski et al., 2010). The bacteria 
can display a huge number of virulence genes and 
mechanisms. A high frequency of H. pylori viru-
lence genes was detected in Bulgarian symptomatic 
patients such as: 

•  >88% for vacuolating cytotoxin (vacA) s1a 
allele, 

•  >80% for cagA (cytotoxin-associated gene A) 
and oipA (outer inflammatory protein) in ac-
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tive or “on” status, 
•  >68% for cagE (cytotoxin-associated gene E) 

and iceA1 (induced by contact with epitheli-
um) genes and 

•  >48% for babA2 (blood group antigen bind-
ing adhesin A) genes (Boyanova et al., 
2009b; Boyanova et al., 2010b; Boyanova et 
al., 2011; Markovska et al., 2011).

Virulent cagA+ and vacA s1 strains were 
common in our country and the ulcer patients most 
often had strains with virulent genotypes.

Importantly, in contrast to vacA s1 and m1, 
vacA i1 was more frequent (75.0%) in patients with 
peptic ulcer versus non-ulcer patients (58.6%), and 
genotyping can be useful in the detection of virulent 
strains that require a much more aggressive therapy 
than the other strains (Yordanov et al., 2012). 

An association between vacA i1 and the ac-
tive “on” status of oipA gene was detected (Mar-
kovska et al., 2011). Other genes such as homB are 
not recommended for routine diagnostic purposes 
(unpublished data).

The severity and outcome of H. pylori-related 
diseases most often are associated with both pres-
ence and integrity of the cag pathogenicity island 
(cagPAI of about 30 genes), which injects CagA and 
peptidoglycan into the host epithelial cells, leading 
to high IL-8 release (Wroblewski et al., 2010). 

In our study, cagE+ was found to gradually 
increase with patient’s age, indicating either gener-

al or individual dynamics in strain virulence (Boy-
anova et al., 2011). Therefore, the clinical outcome 
of the infection is due to the cumulative activity of 
H. pylori virulence genes. Although both cagA and 
cagE genes were associated with the severity of the 
diseases, cagE was found to be more useful to dis-
tinguish the virulent strains from the less virulent 
strains compared with the cagA (Boyanova et al., 
2011).

For practical purposes, it is important to use 
an extra primer pair to increase cagA gene detec-
tion by >14%, which can be of benefit in coun-
tries where cagA positive strains are frequent  
(Boyanova et al., 2011).

H. pylori resistance to antibiotics
H. pylori resistance to all antibiotics used 

for eradication of the infection has been reported 
and higher primary resistance rates to clarithromy-
cin (≥20%) and quinolones (≥20%) has been de-
tected in developed countries compared with the 
developing regions, while higher rates to metroni-
dazole (>75%) have been observed in the develop-
ing countries (Megraud et al., 2013; Mascellino et 
al., 2017). Furthermore, post-treatment resistance 
(>50-80%) after unsuccessful therapy has been 
much higher than primary resistance (Van Zanten 
et al., 2010). 

Some reported factors associated with pri-
mary resistance rates have been national outpatient 

Fig. 1. Seroprevalence (%) of H. pylori and anti-CagA IgG antibodies (Yordanov et al., 2016, Yordanov 
et al., 2017a).
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antibiotic consumption; patients’ sex, age, ulcer or 
non-ulcer disease, strain virulence etc. (Megraud et 
al., 2013; Boyanova et al., 2016a).

In Bulgaria, using the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) 
breakpoints, the overall resistance rates were: amox-
icillin 4.0%, metronidazole 33.8%, clarithromycin 
28.1%, levofloxacin 19.4%, tetracycline 3.7%, and 
rifampin 8.3% (EUCAST, 2015; Boyanova et al., 
2016a), (Fig. 2). 

There was a constant increase in the total 
primary clarithromycin resistance (1.4-fold from 
2005-07 to 2010-15), (Boyanova et al., 2016a). 
Moreover, in 2010-2015, an increased  primary 
resistance to metronidazole (1.3-fold) and fluoro-
quinolones (2.4-fold) has been detected (Boyanova 
et al., 2016a). 

In elderly patients, the primary quinolone re-
sistance rate (30.0%) in 2011-2016 was much (3.4-
fold) higher than that (8.9%) found in the same age 
group of patients in 1996-2003 (Boyanova et al., 
2017b).

Post-treatment problems have been: frequent 
(≥50%) H. pylori resistance in adults to metroni-
dazole or clarithromycin; double (metronidazole + 
clarithromycin) resistance in 42.3% as well as mul-
tidrug resistance (Boyanova et al., 2016a).

An association was found between A2143G 
mutation for clarithromycin resistance (often pre-
dicting eradication failure of the triple clarithro-
mycin-based treatment regimens) and the less 
virulent vacA i2 strains, and vice versa, between 
the A2142G mutation and the more virulent vacA 
i1 strains, which may explain the reported more 
successful eradication of the more virulent strains 
(Boyanova et al., 2016b).

Some risk factors for resistance revealed by 
logistic regression were: birthplace in towns for 
metronidazole resistance, healthcare profession for 
metronidazole and metronidazole + clarithromy-
cin resistance, hospital centers for clarithromycin 
resistance, non-ulcer disease for metronidazole re-
sistance rate (28.3%) vs. ulcer disease (17%) and 
living in Sofia for metronidazole resistance vs. liv-
ing elsewhere, probably suggesting the influence 
of the population density (Boyanova et al., 2009a; 
Boyanova et al., 2013b). In the elderly patients, the 
factors associated with H. pylori resistance can be 
linked to the most frequent comorbidity and antibi-
otic treatment for non-pylori infections as well as 
with the national consumption of antibiotics (Boy-
anova et al., 2017b).

Prior (10 years ago) national tetracycline 
consumption evaluated as a resistance factor has 
demonstrated that the decrease in the resistance 
rates can take many years (Boyanova, 2009; Boy-
anova et al., 2016a). 

The benefits of a long-term analysis of the 
evolution of primary resistance of H. pylori were es-
tablished. The increase in quinolone resistance was 
predicted by extending the study period to 20 years 
(Boyanova et al., 2010a). Long-term follow-up can 
also be recommended for other infections.

Multidrug resistance 
Multidrug resistance that can be defined as 

resistance to three or more antibiotics belonging 
to different classes, and primary multidrug resis-
tance  have been infrequent (0.4-6%) in Europe and 
higher in countries  on other continents, e.g. 10% 
in China (Biernat et al., 2014; Mourad-Baars et al., 
2015; Shi et al., 2016).

Fig. 2. Changes in H. pylori resistance rates from 2005-07 to 2010-15 (Boyanova et al., 2008; Boyanova 
et al., 2016a)
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In our studies, an alarming multidrug resis-
tance was found in H. pylori as early as in 2000, 
and in 2005 to 2008, a worrying multidrug resis-
tance was observed in 4.2% of the untreated, and 
more often (15.4%), in treated adults and even in 
1.2% of the untreated children (Boyanova, 2009).  

In our recent study on primary H. pylori re-
sistance in elderly patients over 20 years (from 
1996-2003 to 2011-2016), either a double or a triple 
antibiotic resistance was detected in 21.0% of the 
subjects aged >65years (Boyanova et al., 2017b).

Complex reasons for multidrug resistance 
were found, involving the increased national con-
sumption of MLS (macrolide/lincosamide/strepto-
gramin) group of antibiotics in Bulgaria and that 
of quinolones since 2000, the increasing primary 
H. pylori resistance to clarithromycin, high tetra-
cycline consumption in 1994-1999 and, in some 
single cases, use of non-standard regimens, such 
as azithromycin-containing regimes, or nitroim-
idazole reuse (Boyanova, 2009; Boyanova et al., 
2016a). These results call attention to the need for a 
very strict application of the antibiotic policy, regu-
lar monitoring of resistance rates and correct choice 
of treatment eradication regimes.

It is alarming that a fivefold resistance (per-
haps linked to efflux pumps) to 5 antibiotics was 
found in a strain from a treated man with chronic 
gastritis and GERD (Boyanova et al., 2014). 

Pan-European Registry on H. pylori 
management: (Hp-EuReg) 

I have had the honor to be selected as a Local 
coordinator for Bulgaria in the Pan-European Reg-
istry on H. pylori management: (Hp-EuReg). Some 
important results of the huge study encompass-
ing 20000 patients were (McNicholl et al., 2014; 
McNicholl et al., 2015; McNicholl et al., 2016a; 
McNicholl et al., 2016b): 

•  overall H. pylori eradication success with the 
first and second line regimens was found to 
be unsatisfactory (74%), 

•  adding esomeprazole as a proton pump in-
hibitor (PPI) as well as the use of bismuth or 
non-bismuth quadruple (concomitant) thera-
pies resulted in improved eradication rate, 

•  acceptable eradication rates (90% by inten-
tion to treat- ITT analysis) can be achieved 
by non-bismuth concomitant therapeutic reg-
imens if they are optimized with a double PPI 
dose, 

•  after 3-4 eradication attempts, H. pylori re-
sistance to clarithromycin, metronidazole, 
clarithromycin plus metronidazole, and 
quinolone resistance was high, varying from 
48 to 67%, 

•  in the so-called rescue regimens (after several 
failed attempts), it may be useful to extend 
regimens up to 14 days and to use esomepra-

Fig. 3. Non-antibiotic agents showing potential in the control of H. pylori infection according to our studies: 
yoghurt, green/black tea and honey.
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zole as a PPI, 
•  side effects of the therapy were found in a 

proportion (17%) of the patients, but very 
few (only 4%) of them were discontinued. 

The results of the Hp-EuReg are of great 
benefit to the treatment of the H. pylori infection, 
since the eradication success has decreased (to 50% 
in some countries) over the years (Fakheri et al., 
2014).

Non-antibiotic agents
Some dietary factors have shown anti-H. py-

lori effects and can influence the frequency of the 
associated infection and perhaps the disease out-
come. Among the potentially beneficial non-antibi-
otic agents have been green tea, probiotics, honey 
and propolis, cranberry juice, garlic, liquorice and 
broccoli sprouts, while  high-salt and meat con-
sumption have been deemed unfavorable factors 
(Lin and Koskella, 2015; Mousavi et al., 2016; 
Bakal et al., 2017).

Probiotics such as Lactobacillus spp. can 
provide different benefits for the control of H. py-
lori infection, involving direct growth inhibition, 
release of lactic acid and other organic acids and 
bacteriocins or bacteriocin like inhibitory substanc-
es, decrease of bacterial urease activity and bacte-
rial density in the gastric mucosa as well as immu-
nomodulation, and thus can be used to obtain an 
increase (although slight) in eradication rates and 
a significant reduction of side effects of the eradi-
cation therapy (Lesbros-Pantoflickova et al., 2007; 
Boltin, 2016).

In our studies, Lactobacillus delbrueckii sub-
sp. bulgaricus inhibited the growth of a portion of 
H. pylori strains, including those resistant to anti-
biotics (Boyanova et al., 2009c; Boyanova et al., 
2017a). The most active strains suppressed 53% of 
H. pylori strains even at neutralized pH. Bacterio-
cin-like substances of 7 strains were able to suppress 
the growth of >2/3 of H. pylori strains (Boyanova 
et al, 2017a). Bacteriocins offer a strong advantage 
in choosing probiotics for H. pylori infection.

Both black and green teas (prepared from 
Camellia sinensis leaves) are frequently consumed 
beverages and also are favorable non-antibiotic 
agents with potential in the control of H. pylori in-
fection due to the polyphenolic catechins, including 
epigallocatechin gallate (Boyanova et al., 2015). In 
our study, logistic regression analysis revealed that 
the risk of H. pylori positivity in green/black tea 
consumers is lower (OR, 0.45; 95% CI, 0.21-0.95) 

compared with that in the other patients (Boyanova 
et al., 2015).

Honey has also been a topic of interest. Afri-
can honey has demonstrated anti- H. pylori activity 
associated with its osmotic effect, hydrogen per-
oxide and other active substances (Mousavi et al., 
2016).

In our study performed with 13C urea breath 
test, a beneficial effect (OR 0.38; 95% CI, 0.19-
0.78) of regular honey consumption (≥1 day/week) 
on H. pylori infection prevalence in untreated dys-
peptic patients was observed and confirmed by lo-
gistic regression (Boyanova et al., 2015).

The benefits of Bulgarian honey were addi-
tionally evaluated and confirmed in  another of our 
studies: evaluating seroprevalence, there was an 
association between honey consumption (>5 days/
week) and a lower infection rate (OR, 0.68, 95% 
CI, 0.473-0.967), and an inverse association be-
tween honey (OR, 0.65; 95% CI, 0.486-0.859) and 
yoghurt (OR, 0.56; 95% CI, 0.341-0.921) intake 
and CagA IgG antibodies indicating virulent strains 
(Yordanov et al., 2017b). 

Therefore, regular and frequent yoghurt, 
green/black tea and honey consumption may be 
recommended as a not only useful but also pleas-
ant habit for additional control of this common and 
hronic human infection (Fig. 3).

Conclusion 
Although the infection prevalence decreases 

in younger people, still the high infection preva-
lence, common virulence genes among the strains 
as well as their constantly increasing resistance to 
clarithromycin and quinolones and multidrug re-
sistance show that H. pylori infection is a problem 
that is not yet fully resolved.
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Abstract
Enterococci form part of the lactic acid bacteria of importance in foods. They are nonstarter lactic acid 

bacteria in a variety of autochthonous cheeses in Southern Europe. Some indigenous strains of E. faecium 
have interesting technological properties for cheese manufacture, together with good safety characteristics. 
They are important in the development of sensory characteristics during ripening of many cheeses and 
have been used as components of cheese starter cultures. Enterococci are also used as human probiotics. 
Some enterococci of dairy origin produce bacteriocins (enterocins), which have an inhibitory effect against 
food spoilage and pathogenic bacteria. The characteristics of enterocins have led to the proposed use of 
enterococci as adjunct starter or protective cultures in cheeses. Otherwise, enterococci as opportunistic 
pathogens which cause diseases of humans and animals and carriers are genes of resistance on pathogenic 
bacteria. Virulence factors of enterococci are the cytolysin (hemolysin), gelatinase, creation of peroxide, 
surface proteins for aggregation, surface proteins for adhesion, a surface binding collagen protein, capsule, 
hyaluronidase. Because of multiple resistance to antibiotics, mortality from nosocomial infections caused 
by enterococci is about 61%. Enterococci  very  easily  acquire resistance to antibiotics by mutation or 
by receiving resistance genes from other microorganisms located on chromosome, transferable plasmids 
and transposons. It can be concluded that prior to the use of enterococci as a starter culture, an adjunct of 
cultures or probiotics, it is necessary to fully investigate the virulence and resistance of enterococci on 
antibiotics for the purpose of health security. On the other hand, in order to prevent the occurrence of van-
comicin resistant enterococci in the gastrointestinal tract of humans and animals and dissemination in the 
environment and food, it is necessary to carry out strict control of the use of antibiotics. 
Keywords: antimicrobial resistance, Enterococci, pathogen, probiotics, starter culture. 

Резюме
Ентерококите формират значима част от млечнокиселите бактерии в храните. Те са не-

стартерни млечнокисели бактерии в разнообразни автохтонни сирена в Южна Европа. Някои местни 
щамове на E. faecium имат интересни технологични свойства за производство на сирене, както и 
добри характеристики за безопасност. Те са важни за развитието на органолептичните свойства по 
време на зреенето на много сирена и са били използвани като компоненти на стартерни култури за 
сирене. Ентерококите се използват и като пробиотици за хора. Някои ентерококи от млечен произход 
продуцират бактериоцини (ентероцини), които имат предпазват храните от разваляне и инхибират 
развитието на патогенните бактерии. Характеристиките на ентероцините са причина те да бъдат 
предложени за използване като добавъчен стартер или протективни култури в сирена. Освен това, 
ентерококите като опортюнистични патогени, които причиняват заболявания на хора и животни, 
притежават гени за резистентност към патогенни бактерии. Вирулентните фактори на ентерококите 
са цитолизин (хемолизин), желатиназа, образуване на пероксид, повърхностни протеини за агре-
гиране, повърхностни протеини за адхезия, повърхностен свързващ колагенов протеин, капсула, 
хиалуронидаза. Поради множествена резистентност към антибиотици, смъртността от вътребол-

* Corresponding author: e-mail: bojanic.m@t-com.me
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нични инфекции, причинени от ентерококи, е около 61%. Ентерококите много лесно придобиват ре-
зистентност към антибиотици чрез мутация или чрез получаване на гени за резистентност от други 
микроорганизми, като гените са разположени на хромозома, трансфериращи плазмиди и транспозо-
ни. Може да се заключи, че преди използването на ентерококите като стартерна култура, добавъчни 
култури или пробиотици, е необходимо напълно да се изследва вирулентността и резистентността 
на ентерококите към антибиотици за целите на здравната безопасност. От друга страна, за да се пре-
дотврати появата на ванкомицин резистентни ентерококи в стомашно-чревния тракт на хора и жи-
вотни и разпространението им в околната среда и храната, е необходимо да се спазва строг контрол 
върху употребата на антибиотици.

Introduction
Enterococci are ubiquitous bacteria which 

colonize different environments. They are the most 
frequent species in foods, plants, environment and 
gastrointestinal tract of humans and animals. The 
primary habitat of enterococci is the gastrointes-
tinal tract of animals and humans. They are nat-
urally found in the intestines of mammals, birds, 
reptiles and insects (Landman and Quale, 1997). 
In the genus Enterococcus, 38 species are classi-
fied, of which the most important are E. faecalis 
and E. faecium. They are released in large quanti-
ties through the feces and can become the dominant 
contaminant bacteria in different foods. The wide 
distribution of the enterococci, their resistance to 
high temperatures and high salt concentration en-
able their survival during the production process 
and isolation from heat treated milk and dairy 
products. Raw milk and dairy products made with 
unpasteurized milk are rich sources of enterococci 
with potential benefits and risks determinants. They 
can grow during refrigeration and survive after pas-
teurization; therefore enterococci are a part of the 
microflora of raw and pasteurized milk (Robinson, 
2002; Giraffa, 2003). These bacteria play a role in 
fermentation and ripening of food of animal origin 
and can be used in the food industry as starter or 
probiotic cultures. However, enterococci are also 
implicated in severe multi-resistant nosocomial in-
fections and have a negative effect on the spread 
of antibiotic resistance over food (Giraffa, 2002; 
Vu and Carvalho; 2011, Garido et al., 2014).  The 
objective of this study was to review the most im-
portant scientific facts regarding the beneficial and 
harmful properties of enterococci in their applica-
tion as starter or probiotic cultures in the food in-
dustry.

Potential of indigenous enterococci as starter 
cultures in dairy industry

Enterococci are found in large numbers in 
many cheeses, especially in the Mediterranean re-
gion. They are associated with traditional cheeses 

of countries such as Greece, Italy, Spain and Portu-
gal, made of raw or pasteurized milk. Enterococci 
are the dominant microorganisms in the fully rip-
ened product, with E. faecium and E. faecalis as 
predominant species (Sarantinopoulos et al., 2002; 
Mannu et al., 2002; Manolopoulou et al., 2003; 
Psoni et al., 2006; Gomes et al., 2008). Depending 
on the stage of ripening of the cheese, enterococci 
reach numbers of up to 106–108 cfu/g (Bulajić and 
Mijačević, 2004). They are nonstarter lactic acid 
bacteria (NSLAB) in a variety of artisan cheeses 
in Southern Europe. Enterococci are important in 
the development of sensory characteristics during 
ripening of many cheeses and have been also used 
as components of cheese starter cultures. Some 
species of enterococci  have a strong ability of fer-
mentation, also their proteolytic and lipolytic en-
zymes participate very actively in the whole pro-
cess of cheese ripening. During ripening of chees-
es, proteolysis, lipolysis, citrate breakdown and 
production of aromatic volatile compounds occur, 
resulting in their typical taste and flavour (Robin-
son, 2002; Foulquié Moreno et al., 2006; Bhardwaj 
et al., 2008; Morales et al., 2011). Their ability to 
metabolize lactose, tolerance to salt and tempera-
ture makes them ideal as a starter. Starter cultures 
prepared of indigenous strains of E. faecium can 
be successfully used for the preparation of fresh 
cheese with specific organoleptic characteristics 
typical of traditional fresh cheeses (Pogačić et al., 
2011; Leboš Pavunc et al., 2012; Furlaneto Maja 
et al., 2017). Enterococci showed a higher pro-
teolytic activity and some of them produce high 
quantities of acetoin-diacetyl, which is interesting 
from a a technological standpoint (Nieto-Arribas et 
al., 2011). E. faecalis isolated from Zlatar cheese 
showed good proteolytic and antimicrobial activi-
ty. These bacteria are essential for the development 
of flavour in artisan cheeses traditionally manufac-
tured in households (Topisirovic et al., 2006; 2007; 
Terzić Vidojević et al., 2007; Terzić Vidojević et 
al., 2009). Some indigenous strains of E. faecium 
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have interesting technological properties for cheese 
manufacture, together with good safety character-
istics. They could be used for the manufacture of 
indigenous products (Simonetta et al., 1997; Leb-
oš Pavunc et al., 2012; Malek et al., 2012; Leboš 
Pavunc et al., 2013; Terzic-Vidojevic et al., 2013; 
Terzić-Vidojević et al., 2015). Enterococci have the 
strongest proteolytic effect of all lactic acid bacte-
ria, which would explain why their growth leads  
to the formation of a good taste of the cheese (Rob-
inson, 2002). Enterococci can be used in the food 
industry as starter or probiotic cultures (Franz et al., 
1999; Dobranić et al., 2016). 

Potential of indigenous enterococci as 
probiotics in dairy industry

The probiotic ability of enterococci includes  
their ability to colonize the intestinal tract of hu-
mans and animals, having resistance to human bio-
logical barriers, proteolytic enzymes, low pH in the 
gastrointestinal tract, bile salts and pancreatic juice. 
They are also able to produce antimicrobial sub-
stances – bacteriocines that act on the pathogenic 
bacteria during the production of food. Bacterioc-
ines – enterocins allow the use of enterococci as ad-
junct starter or protective cultures in cheeses (Franz 
et al., 2003; Giraffa, 2003; Trmčić et al., 2010; Pa-
trovský et al., 2016). Enterocins have an inhibitory 
effect against food spoilage or pathogenic bacte-
ria, such as Listeria monocytogenes, Staphylocco-
cus aureus, Vibrio cholerae, Clostridium spp., and 
Bacillus spp. (Giraffa et al., 1995; Giraffa, 2003). 
Enterocins are also inhibitory towards Gram-neg-
ative bacteria such as E. coli (Tomita et al., 1997) 
and Vibrio cholerae (Simonetta et al., 1997). Some 
strains of enterococci isolated from Zlatar cheese 
are producers of antimicrobial compounds and 
showed very good activity in milk and curdled milk 
within 5h. (Terzic-Vidojevic et al., 2009).  Entero-
cocci are probiotics, which are claimed to be able to 
maintain  the normal intestinal microflora, stimulate  
the immune system and improve  the nutritional 
value of foods (Faye et al., 2012). Enterococci im-
prove the condition of diarrhea, reduce cholesterol 
levels, stimulate the immune system and suppress 
carcinogenesis (Bybee et al., 2011; Furlaneto Maia 
et al., 2017). E. faecium strains isolated from soft 
cheese have probiotic properties (Furlaneto Maja et 
al., 2017). Enterocin E. faecalis reduces the viru-
lence of Candida albicans and its ability to form 
a biofilm by inhibiting hyphal formation (Graham 
et al., 2017). E. faecalis assimilate cholesterol and 
increased  the levels of total IgA and IgG (Leboš 

Pavunc et al., 2009). However, enterococci repre-
sent a risk to health and are an indicator of poor 
hygiene in food production. The selection of En-
terococcus strains for the food industry is based on 
the absence of pathogenic properties, or transfer-
able antibiotic resistance genes. The absence of vir-
ulence factors and vancomycin-resistant genes are 
prerequisites for safe  use as a starter culture and 
probiotic (Abriouel et al., 2008; Bhardwaj et al., 
2008). Such strains should have no virulence de-
terminants and should be sensitive to clinically rel-
evant antibiotics. E. faecium have a lower risk for 
use in foods, because these strains generally har-
bour fewer recognised virulence determinants than 
E. faecalis (Franz et al., 2003). Bacteriocinogenic 
E. faecium isolates with no virulence traits suggest 
their potential for biotechnological applications 
(Gomes et al., 2008).

Health risk of using enterococci as starter 
cultures

In addition, enterococci have the characteris-
tics of starter and probiotic cultures, they are oppor-
tunistic pathogens of humans and animals, produc-
ers of biogenic amines in fermented foods and car-
ry genes for antibiotic resistance (Dobranić et al.,  
2016; Zdolec et al., 2016). In the last decades, 
enterococci have become significant nosocomial 
pathogens. As nosocomial pathogens, enterococci 
cause mortality in 61% of cases (Ficher and Phil-
lips, 2009). They survive in the hospital, colonize 
patients and cause bacteriaemia, peritonitis, endo-
carditis, urinary infections, parodontitis, wound 
infections,  neonatal sepsis, meningitis, mastitis 
(Nažal-Fleger and Kobler, 1985; Gold, 2001; Škerk 
et al., 2007; Prohaska-Potočnik et al., 2008; Sood 
et al., 2008; Piljić et al., 2009;  Gunjača and Fran-
cetić, 2010; Tomić and Laganja, 2013; Garido et 
al., 2014; Pinheiro and Mayer, 2014; Sharma et 
al., 2014; Guzman Prieto et al., 2016; Zdolec et 
al., 2016). E. faecium and E. faecalis are multi-re-
sistant nosocomial pathogens in immunocompro-
mised persons and critically ill patients. In the EU, 
more than 25 000 people die each year of infections 
caused by multi-resistant bacteria (Tambić An-
drašević, 2015). The most common multiple - resis-
tant bacteria include vancomycin-resistant entero-
cocci. Virulence genes of E. faecalis are found not 
only in clinical isolates, but also among the strains 
originating from the environment (Mutters et al., 
2013). Virulence factors of enterococci are the tox-
in cytolysin (haemolysin), gelatinase, peroxide, 
surface proteins of aggregation, surface proteins 
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for adhesion, a surface protein that binds collagen, 
ability to form the capsule, hyaluronidase. Resis-
tance to antibiotics can be intrinsic and extrinsic. 
Intrinsic is related to resistance to penicillin without 
the enzyme β-lactamase, resistance to aminoglyco-
sides and gentamicin. Extrinsic resistance is related 
to the transfer gene of the plasmids and transposons 
commonly by conjugation from one species of en-
terococci to other or conjugation with other bacte-
ria. Here, there is a resistance to penicillin which 
is conditioned by the formation of β-lactamase, re-
sistance to erythromycin, a glycoprotein (vancomy-
cin) and others. It is therefore very important that 
strains of enterococci selected as a starter culture 
in the dairy industry be without these virulence fac-
tors and without resistance to antibiotics, especially 
vancomycin (Sujatha and Praharaj, 2002; Ficher 
and Phillips, 2009; Upadhyaya et al., 2009; Arias 
and Murray, 2012; Hollenbeck and Rice, 2012; 
Sharma et al., 2014). The main risk of increasing 
antibiotic resistance is the wide use of antibiotics in 
agriculture, human and veterinary medicine. E. fae-
calis have a high degree of antimicrobial resistance 
to amoxicillin/clavulanate, norfloxacin, erythromy-
cin, gentamicin and trimethoprim-sulfamethoxaz-
ole (Benčić et al., 2001; Piljić et al., 2009). Treat-
ment with third-generation cephalosporins, metro-
nidazole, fluoroquinolones are the risk factors for 
the acquisition of resistance to vancomycin (Hum-
phreys, 2014). Bacteria that are naturally suscepti-
ble can become resistant by mutation or by receiv-
ing a new gene. Because of different gene transfer 
mechanisms, enterococci are a major reservoir for 
antibiotic resistance genes (Garido et al., 2014; 
Plotnikava et al., 2017). Resistant bacteria of ani-
mals can infect the human population directly by 
contact or via the products of animal origin. Resis-
tant bacteria can colonize humans and transfer their 
resistance genes to other bacteria of the endogenous 
flora of humans. Transfer of vancomycin-resistant 
gene in the form of a plasmid or transposon occurs 
between enterococci or between enterococci and 
other bacterial strains, such as methicillin-resistant 
S. aureus (Chlebicki and Kurup, 2008). Transfer of 
genes was determined between enterococci of hu-
mans and chickens, as well as between humans and 
pigs. The same types of E. faecalis were isolated 
from animals, meat, faeces of healthy people and of 
patients with infections (Lukášová and Šustáčko-
va, 2003; Mubita et al., 2008; Hammerum, 2012). 
Resistance of enterococci in food of animal origin 
is very similar to resistance to enterococci isolat-
ed from nosocomial infections (resistance to ami-

noglycosides, linkosamide, macrolide, nitrofuran, 
penicillin, quinolone, streptogramin, tetracycline 
and vancomycin). The high frequency of resistance 
to chloramphenicol, macrolides, kanamycin, strep-
tomycin and tetracycline have isolates E. faecalis 
and E. faecium isolated from people, chicken, pigs 
(Aarestrup et al., 2000; Lukášová and Šustáčkova, 
2003). The majority of enterococci isolated from 
pigs, cattle and poultry are resistant to lincomycin 
(78%), tetracycline (65%), flavomycin (59%) and 
erythromycin (55%) (Ruzauskas et al., 2009). 

Conclusion
E. faecalis and E. faecium are the most im-

portant species of enterococci which have the char-
acteristics of a starter culture, but they are the ma-
jor causative agents of diseases in humans and ani-
mals, among enterococci. About 90% of infections 
due to enterococci  are caused by E. faecalis and E. 
faecium. Virulence factors are the cytolysin (hemo-
lysin), gelatinase, creation of peroxide, surface pro-
teins for aggregation, surface proteins for adhesion, 
a surface binding collagen protein, capsule, hyalu-
ronidase. The percentage of vancomycin-resistant 
isolates is increasing, especially E. faecium, which 
is a major problem in the therapy of enterococcal 
infections. In humans, enterococci cause inflam-
mation of the eye, bladder, endocarditis, decubitus, 
and in animals can also lead to endocarditis, masti-
tis, etc. Therefore, great caution is necessary before 
their use in the fermented products industry. This 
means that they must not have pathogenicity fac-
tors or be multiple resistant to antibiotics. In order 
to reduce the percentage of strains resistant to an-
tibiotics in the environment, human and animal in-
testinum, and food, it is necessary to perform strict 
control on the use of antibiotics in the treatment of 
humans and animals and their use as animal feed 
additives should be prohibited in all countries of the 
world.
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Abstract
Antibacterial activities of thermophilic bacteria were reported in previous studies. Whole genome 

sequences of thermophilic bacteria indicated presence of bacteriocin genes. In this study, 43 thermophilic 
bacteria isolated from hot spring, thermal mud and soil samples with antibacterial activity were screened 
for presence of 15 bacteriocin genes. Identification of thermophilic isolates was done by 16S rRNA gene 
sequencing. PCR reactions for bacteriocin gene screening were carried out by using primers specific for 
Pediocin, Plantaricin, Enterocin A, Enterocin B, Enterocin P, Enterocin Q, Enterocin L50 A/B, Enterocin 
AS-48, bact31, Cytolysin, Nisin, Lacticin 481, Lactococcin A, Enterolysin A and Lysostaphin genes. Se-
quence analysis indicated that thermophilic isolates were from  the Anoxybacillus (n=18), Geobacillus 
(n=17), Aeribacillus (n=8) genera. The entA and entB structural genes were detected in 38 and 12 of 43 
isolates, respectively. All isolates with entB gene also carried entA gene. Only 5 isolates were negative  for 
both entA and entB genes. The results of sequencing and BLAST analyses of amplified genes showed ho-
mology with entA (91-100%) and entB (93-100%) genes. Our results showed that entA and entB bacteriocin 
genes are widely disseminated among these newly isolated  thermophilic bacteria. 
Keywords: Thermophilic, bacteria, bacteriocin, gene, PCR

Резюме
Антибактериалните активности на термофилни бактерии са публикувани и по-рано. 

Цялостните геномни последователности на термофилни бактерии показват наличието на 
бактериоцинови гени. В настоящето проучване са изследвани 43 термофилни бактерии с 
антибактериална активност, изолирани от горещи извори, термална кал и почвени проби за 
наличие на 15 бактериоцинови гени. Идентифицирането на термофилни изолати е извършено 
чрез 16S rRNA секвениране. PCR реакциите за скриниране на бактериоцинови ген са проведени 
с използване на праймери, специфични за педиоцин, плантарицин, ентероцин А, ентероцин В, 
ентероцин Р, ентероцин Q, ентероцин L50 A/B, ентероцин AS-48, bact31, цитолизин, низин, лакти-
цин 481, лактокоцин А, ентеролизин А и лизостафин. Анализът на последователността показва, че 
термофилни изолати са от родовете Anoxibacillus (n = 18), Geobacillus (n = 17), Aeribacillus (n = 8). 
Структурните гени за entA и entB се откриват съответно в 38 и 12 от 43 изолати. Всички изолати 
с entB ген също така носят и entA ген. Само 5 изолати са отрицателни както за entA, така и за 
entB гените. Резултатите от секвенирането и BLAST анализите на амплифицираните гени показват 
хомоложност с entA (91-100%) и entB (93-100%) гени. Нашите резултати показат, че entA и entB 
бактериоциновите гени са широко разпространени сред тези новооткрити термофилни бактерии.
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Introduction
Bacteriocins are  ribosomally synthesized, 

small, heat-stable peptides produced by bacteria 
and with a narrow or broad spectrum (Cotter et 
al., 2005). The family includes a diversity of pro-
teins in terms of size, microbial targets, modes of 
action and immunity mechanisms (James et al., 
1991). According to Klaenhammer (1988), 99% of 
all bacteria may make at least one bacteriocin and 
the only reason more have not been isolated is that 
very few researchers have looked for them. Cotter 
et al. (2005) divided bacteriocins into two distinct 
categories: lanthibiotics (Class I) and non-lan-
thionine containing bacteriocins (Class II). Large, 
heat-labile murein hydrolases, which were former-
ly known as Class III bacteriocins, were termed 
‘‘Bacteriolysins’’. Class IV bacteriocins were not 
included in this proposal because no members of 
this class have convincingly demonstrated yet. The 
most well-known examples of Lanthibiotics are Ni-
sin and Lacticin 481, while pediocin, enterocins and 
lactococcin A are members of Class II bacteriocins.

In recent years, Franz et al. (2007), proposed 
a simplified classification scheme also for entero-
cins, bacteriocins produced by Enterococci; Class 
I enterocins (lantibiotic enterocins), Class II en-
terocins (small, non-lantibiotic peptides); Class III 
enterocins (cyclic enterocins); and Class IV entero-
cins (large proteins). Cytolysin belongs to Class I 
enterocins, and is a two-peptide bacteriocin with 
structural subunits contain lanthionie residues. 
Class II can be subdivided into three subclasses: 
II.1, enterocin of the pediocin family (enterocin 
A, enterocin P and bacteriocin 31); II.2, entero-
cins synthesized without a leader peptide (entero-
cin L50A/B, and enterocin Q); II.3, other linear, 
non-pediocin-type enterocins (enterocin B). Class 
III enterocins include cyclic antibacterial peptides 
like enterocin AS-48 and Class IV enterocins are 
large proteins such as enterolysin A.

Identification of  a bacteriocin produced by a 
specific strain generally requires a complex process 
of biochemical characterization, purification and 
amino acid sequencing. Since the DNA sequences 
that encode the genetic determinants for the biosyn-
thesis of some bacteriocins are known, they may be 
easily detected in various isolates by using PCR, in-
stead of time and labour consuming methods (Rod-
riguez et al., 1997). 

There is a growing interest in bacteriocins 
produced by LAB and other genera since these anti-
bacterial substances have great potential in the food 
industry, veterinary or human medicine. Although 

reported bacteriocins are generally isolated from 
food-grade, mesophilic microorganisms, there are 
examples of bacteriocins produced by thermophil-
ic bacteria and some members of archea (Novotny 
and Perry, 1992; Prangishvili et al., 2000; Martirani 
et al., 2002; Pokusaeva et al., 2009).

In this study, known bacteriocin structural 
genes which represent different classes of bacte-
riocins were investigated by PCR in thermophilic 
isolates from soil, thermal mud and water samples 
in Turkey. Our aim was to search the genetic de-
terminants of antibacterial substances produced by 
thermophilic endospore forming bacteria.

Materials and Methods
Isolation and preselection of thermophilic 
bacteria 

Samples of thermal pool mud, hot spring sed-
iment and water and soil were collected aseptically 
from geothermal areas in Denizli, Mugla and Ay-
din provinces in Turkey and stored in sterile bot-
tles or plastic bags. All samples were transported to 
the laboratory within 4 hours in a cooled container. 
At the time of sampling, the sites had temperatures 
varying between 23°C and 55°C, and a pH of 6.8 
and 7.4. 

Thermophilic bacteria were isolated by using 
Thermus medium at 65°C as described previously 
(Özdemir and Bıyık, 2012a; Özdemir and Bıyık, 
2012b) and their ability to produce antibacterial 
substances against Geobacillus stearothermophilus 
DSM 22 was tested by a slighlty modified method.
Detection of antibacterial activity spectrum 
of selected isolates

To determine the antibacterial spectrum of 
fourty-three isolates, Bacillus sphaericus DSM 
396, B. thrungiensis (soil isolate), B. cereus ATCC 
11778, Serratia marcescens (soil isolate), Escher-
ichia coli ATCC 35218, Lactobacillus plantar-
um DSM 20174, Micrococcus luteus ATCC 9341, 
Staphylococcus aureus ATCC 25923, Bacillus 
sp. (soil isolate), Streptococcus vestibularis DSM 
5636, B. mycoides DSM 299, Enterococcus fae-
calis ATCC 51299, Listeria monocytogenes (food 
isolate) were used as indicator bacteria. Screening 
of antibacterial activities was done by the method 
mentioned previously (Özdemir and Bıyık, 2012).
16S rDNA sequencing and identification of bacteria

Genomic DNAs of thermophilic bacteria were 
isolated as described by Ronimus et al. (1997). 16S 
rRNA genes were amplified via PCR and the reac-
tion mixture was as follows: 1X PCR buffer, 1.5 
mM MgCl2, 0.1 mM dNTPs, 1 U Taq polymerase 
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(all ABM, Canada), 0.4 μM of each of the follow-
ing primers: 20F (5’- AGA GTT TGA TCC TGG 
CTC AG-3’) and 1390R (5’- GAC GGG CGG TGT 
GTA CAA-3’) (Orphan et al., 2000) and water to 
give a final volume of 50 μl. One microlitre of ex-
tracted DNA was added to the mixture and the reac-
tions were heated to 94°C for 5 min, followed by 35 
cycles of 94°C for 30 s, 56°C for 30 s and 72°C for 
90 s. A final extension was carried out at 72°C for 
15 min. Obtained amplicons were then sequenced 
by Macrogen (Korea) and the readings were man-
ually edited by the use of BioEdit sequence editor 
software. Sequences were then compared with the 
reference strains of thermophilic bacteria held in 
Genbank. The sequence reads were between 990 
and 1367 base pairs. The partial 16S rRNA gene 
sequences of isolates were submitted to GenBank 
Nucleotide Sequence Database and accession 
numbers as KC551235 to KC551272, KC167877, 
GQ255948, GQ487459 have been assigned. 
PCR screening of bacteriocin genes

PCR detection of bacteriocin genes  was 
performed using 1 µl of the DNA of each isolate, 
and amplification of genes was carried out using 
primers and conditions as mentioned in references 
(Cintas et al., 2000; Garde et al., 2001; Szwedaa et 
al., 2001; DeVuyst et al., 2003; Ghrairi et al., 2007; 
Nigutova et al., 2007; Yi et al., 2009).

All the PCR reactions were done in a final 
volume of 50 µl containing 1x PCR buffer, 2 mM 
MgCl2, 0,1 mM dNTPs, 1 U Taq polymerase (all 
ABM, Canada) and 0,5 μM of each of the forward 
and reverse primers. PCR products were resolved 
by electrophoresis on a 1.5% agarose gel. A  neg-
ative control included in all PCR experiments and 
DNA positive controls were used to verify the pres-
ence of entA, entB, entP, Bac31, L50 A/B genes. 
Amplicons obtained by PCR were then sequenced 
by Macrogen (Korea) and the sequences were 
searched for a BLASTn homology in Genbank da-
tabase.

Results
Totally 201 thermophilic bacteria were isolat-

ed in the study and fourty-three of them were able 
to inhibit the growth of G. stearothermophilus DSM 
22. None of the thermophilic strain was found to be 
active against E. coli, S. marcescens or S. aureus. 
Nine of the fourty three isolates were active only 
against G. stearothermophilus DSM 22. Listeria- 
and Enterococcus active strains, which also inhibit-
ed the growth of other indicator bacteria, were also 
found among the thermophilic isolates.

According to 16S rDNA sequencing results, 
thermophilic isolates having antibacterial activity 
showed highest homology with bacteria belonging 
to genera Anoxybacillus (41.9 % of the isolates), 
Geobacillus (39.5%) Aeribacillus (18.6%) (Table 
1). Analysis of the 43 partial sequences showed that 
one isolate (HBB 274) had similarity value of 97%, 
while the rest of the isolates scored between 98 and 
100% to their most close relatives.  

PCR screening of bacteriocin genes revealed 
the presence of entA and entB structural genes in 38 
and 12 of the 43 isolates, respectively. As a result 
of BLASTn analysis, amplified entA genes showed 
sequence similarity values from 91 to 100% to oth-
er entA genes involved in the GenBank database. 
entB gene sequence similarities with those held in 
the database varied between 93 and 100%. All of 
the isolates that carried the entB gene were found 
to possess the entA gene as well. None of the Pedi-
ocin, Plantaricin, Enterocin P, Enterocin Q, Entero-
cin L50 A/B, Enterocin AS-48, bact31, Cytolysin, 
Nisin, Lacticin 481, Lactococcin A, Enterolysin A 
and Lysostaphin genes were detected in the thermo-
philic isolates.

Discussion
The 16S rRNA gene sequence analysis of the 

43 thermophilic bacilli isolates conducted in this 
study revealed that the strains are members of the 
genera Geobacillus, Anoxybacillus and Aeribacil-
lus. In 2001, thermophilic bacilli of phylogenetic 
group 5 were classified in a new genus, Geoba-
cillus, by Nazina et al. (2001) with type strain G. 
stearothermophilus. Members of this genus are 
Gram-positive, spore-forming rods, neutrophilic, 
moderately thermophilic and aerobic or facultative-
ly anaerobic and to date 19 Geobacillus species have 
been described (http://www.bacterio.cict.fr/g/geo-
bacillus.html). The genus Anoxybacillus includes 
Gram-positive, alkaliphilic or alkalitolerant, ther-
mophilic endospore forming bacteria (Miñana-Gal-
bis et al., 2010. To date, genus Anoxybacillus has 
been represented by 19 species and two subspecies 
with validly published names (Goh et al., 2013). 
In 2010, Miñana-Galbis et al. (2010) proposed that 
G. pallidus should be classified in a novel genus 
with proposed name of Aeribacillus according to 
results of 16S rRNA sequencing and phylogenetic 
analyses of genera Geobacillus, Anoxybacillus and 
strain DR03 isolated from hot spring in Mexico. A. 
pallidus is the only species within this genus  that is 
also a type strain. 

Thermophilic bacteria  have become very im-
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Strain Sample Accesion no % Identity Taxon

HBB-10 Thermal sediment KC551235 99% Aeribacillus pallidus strain MUST-1 [JX535295]
HBB- 40 Thermal mud KC167877 99% Geobacillus sp. O83 [DQ642093]
HBB-56 Thermal mud KC551249 99% Anoxybacillus sp. DR04 [EU621362]

HBB-57 Thermal mud KC551250 98% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-58 Thermal mud KC551253 99% Aeribacillus pallidus strain MUST-1 [JX535295]

HBB-59 Thermal mud KC551236 99% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-60 Thermal mud KC551237 99% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-105 Beach sand KC551254 99% Aeribacillus pallidus strain MUST-1 [JX535295]

HBB-106 Thermal mud KC551255 99% Geobacillus sp. Y4.1MC1 [CP002293]
HBB-110 Thermal mud KC551271 99% Geobacillus sp. Y4.1MC1 [CP002293]
HBB-143 Hot spring KC551239 99% Anoxybacillus flavithermus HBB-134 [GQ342689]

HBB-146 Hot spring KC551238 99% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-148 Hot spring KC551248 100% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-158 Hot spring KC551251 99% Anoxybacillus flavithermus HBB-134 [GQ342689]

HBB-160 Hot spring KC551240 99% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-161 Hot spring KC551273 99% Anoxybacillus flavithermus HBB-134 [GQ342689]

HBB-180 Thermal mud KC551241 99% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-182 Thermal mud KC551242 99% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-183 Thermal mud KC551243 99% Anoxybacillus flavithermus AE3 [FN666242]

HBB-184 Thermal mud KC551244 98% Anoxybacillus flavithermus AE3 [FN666242]
HBB-211 Thermal water KC551256 98% Anoxybacillus pushchinoensis AT-1 [AB234214]
HBB-214 Soil KC551257 99% Geobacillus sp. NBM49[HQ703944]

HBB-215 Soil KC551258 98% Geobacillus sp. NBM49[HQ703944]
HBB-218 Soil GQ255948 99% Geobacillus toebii R-32652 [FN538991]
HBB-220 Soil KC551259 99% Geobacillus sp. NBM49[HQ703944]

HBB-225 Hot spring KC551252 98% Uncultured Geobacillus sp. clone ASC135 [JF825503]
HBB-226 Hot spring KC551245 99% Anoxybacillus flavithermus HBB-134 [GQ342689]

HBB-229 Hot spring KC551246 98% Anoxybacillus sp. D1021 [EU926955]
HBB-230 Hot spring KC551247 99% Anoxybacillus flavithermus HBB-134 [GQ342689]
HBB-234 Thermal mud KC551260 99% Aeribacillus sp. PZ-1[KC441060]

HBB-244 Thermal mud KC551261 99% Aeribacillus pallidus TSSA-3 [KC159167]
HBB-245 Thermal mud KC551234 99% Aeribacillus pallidus strain MUST-1 [JX535295]
HBB-246 Thermal mud KC551262 99% Geobacillus sp. Y4.1MC1 [CP002293]

HBB-247 Thermal mud GQ487459 99% Geobacillus toebii R-32652 [FN538991]
HBB-249 Thermal mud KC551272 99% Geobacillus thermodenitrificans NG-80-2[DQ243788]
HBB-269 Thermal mud KC551263 99% Geobacillus sp. Y4.1MC1 [CP002293]

HBB-270 Thermal mud KC551264 99% Geobacillus sp. Y4.1MC1 [CP002293]

HBB-271 Thermal mud KC551265 98% Geobacillus sp. enrichment culture clone W2-
5[HM059722]

HBB-272 Thermal mud KC551266               99% Geobacillus sp. enrichment culture clone W2-
5[HM059722]

HBB-274 Thermal mud KC551267 97% Aeribacillus sp. PZ-1[KC441060]

HBB-276 Thermal mud KC551268 99% Geobacillus sp. Y4.1MC1 [CP002293]
HBB-283 Thermal mud KC551269 99% Geobacillus sp. NBM49[HQ703944]

HBB-301 Soil KC551270 99% Aeribacillus sp. PZ-1[KC441060]

Table 1. Identification and source of thermophilic bacteria isolated in the study
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portant as the source of thermostable enzymes, and 
bacteriocins produced by these bacteria can also be 
useful in food biopreservation processes especially 
those requiring thermal treatment. Although there 
is a large amount of research on isolation and iden-
tification of thermophilic bacilli, studies related to 
bacteriocin production and its genetic determinants 
in thermophiles are very rare. Thermophilic bacte-
riocin producers reported in literature are G. ster-
athermophilus (Sharp et al., 1979), Thermus ruber 
(Becker et al., 1986), G. thermoleovorans (Novot-
ny and Perry, 1992), B. licheniformis (Martirani et 
al., 2002), Sulfolobus islandicus (Prangishvili et 
al., 2000); G. toebii (Özdemir and Bıyık, 2012a; 
Özdemir and Bıyık, 2012b).

The antibacterial activiy spectrum of strains 
isolated in this study was very diverse and targeted 
Gram-positive indicators, especially Bacillus spp. 
This situation is consistent with the fact that bacte-
riocins are more active to the bacteria closely relat-
ed to the producer strain. When we investigated the 
genotypic basis of bacteriocin production, two bac-
teriocin structural genes, enterocin A and enterocin 
B were found in thermophilic isolates. Enterocin 
A, grouped as Class II pediocin-like bacteriocin, is 
produced by several E. faecium strains. Enterocin A 
structural gene is followed by an ORF and encodes 
the 103 aminoacid EntA immunity protein. EntA 
is active against Enterococcus, Lactobacillus and 
Pediococcus spp. and Listeria species including 
L. monocytogenes (Franz et al., 2007). Our findins 
regarding the antibacterial activity spectrum of iso-
lates were consistent with the data in the literature 
about enterocins. On the other hand, two strains, 
HBB-105 and HBB-246, which inhibited the 
growth of L. monocytogenes and E. faecalis in agar 
media, did not possess the entA or entB gene. New 
bacteriocins or other non-tested known bacterioc-
ins could be responsible for the inhibitory activi-
ties in those isolates. Twelve thermophilic strains 
with entB gene carried entA gene also. Enterocin 
B is an additional bacteriocin produced by several 
Enterococci strains that produce enterocin A and it 
belongs to the non-pediocin type leaderless bacteri-
ocin family of Class II enterocins. entB is possibly 
secreted by the dedicated transport proteins of EntA 
(which is the reason why the entB gene is always 
found associated with the entA gene), or some other 
transport system in the cell. entB is active against 
Enterococcus and Lactobacillus species and L. 
monocytogenes, S. aureus and C. perfringens (Ca-
saus et al., 1997).

Enterocins are very diverse bacteriocins and 
widely distributed among isolates from different 
sources. This situation can be explained by effi-
cient gene transfer mechanisms of Enterococci and 
genetic determinants of many enterocins located 
on plasmids or conjugative transposons except for 
some examples like enterocin A and enterocin B. 
However, the same bacteriocin genes which are en-
coded chromosomally can also be found in different 
species, even in different genera. Shen et al. (2006) 
constructed individual genomic libraries from eight 
S. pneumoniae clinical isolates and as a result of se-
quencing studies they found that one of the isolate 
carried a mersacidin gene. Normally, mersacidin is 
known to be produced by B. licheniformis and its 
genetic determinant is located on the chromosome 
of the producer. 

In recent years, lantibiotics and circular bac-
teriocins have been identified in the genomes of 
G. thermodentirificans NG80-2 and G. stearother-
mophilus DSM13240, respectively. A nisin analog 
encoded on the genome of the thermophilic bacte-
rium G. thermodentirificans NG80-2 was obtained 
by heterologous expression in E. coli and the puri-
fied substance was termed geobacillin 1. The anti-
microbial activity of geobacillin I was found to be 
very similar to Nisin A, while another antimicrobial 
compund, geobacillin II, produced in E.coli, only 
demonstrated antimicrobial activity against Bacil-
lus strains (Garg et al., 2012).

Kempermann et al. (2003) searched the ge-
nomes of Staphlycococcus aureus, Oenococcus oeni 
PSU-1 and G. stearothermophilus DSM 13240 for re-
gions encoding novel, putative circular bacteriocins. 
These bacteria are not known to be circular bacteriocin 
producers, and researchers screened their genomes for 
orthologs of processing enzymes rather than of bacte-
riocins. Circularin A is a circular bacteriocin produced 
by Clostridium beijerinckii ATCC25752 and consists 
of five genes (cirABCDE). Circularicin A screening in 
protein and genome databases only resulted in a sin-
gle hit on the chromosome of G. stearothermophilus 
DSM 13240, while three circularin C (which is the 
circularization protein in the production of circularin 
A) homologues were found to be encoded in the chro-
mosomes of S. aureus, O. oeni and G. stearothermo-
philus DSM 13240. 

It is clear that antimicrobial peptides produced 
by bacteria are more widespread in nature than it is 
currently known. These substances might be pro-
duced as a common ancestral property as a part of the 
defense systems in bacteria which represent different 
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taxonomic lineages. As a continuation of this study, 
amplification of sequences neighbouring the entero-
cin structual genes in thermophilic bacteria will pro-
vide detailed information about the arrangement of 
these genetic determinants.
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Abstract
Escherichia coli is one of the most important human pathogens and is a major cause of nosocomial 

infections. In this study, it was aimed to investigate the antimicrobial efficacy of Nigella sativa L. against 
multi drug-resistant E. coli isolates. This study was carried out on multi drug resistant E. coli isolates. In 
this study, seeds of Nigella sativa L. obtained from spice market were used as material .Multidrug resis-
tant E. coli strains were identified by conventional methods. The antibacterial activity of Nigella sativa 
L.’s essential oils was performed by disk diffusion test. In addition, when needed, automated systems 
were used for rapid identification of microorganisms and susceptibility testing identification. The ESBL 
production of these strains was confirmed by double disc synergy test.In ESBL producing E.coli strains, 
the MIC range of ampicillin was 4-32 μg/ml and the MIC range of cefuroxime  was found to be 2-16 μg/
ml. MIC values of ampicillin were range from 0.25 to 4 μg/ml and MIC of levofloxacin range were 1 to 
8 μg/ml and MIC of cefuroxime range were found to be 0.25-4 μg/ml. Following treatment with essential 
oils of Nigella sativa, resistance rates of GSBL producing E.coli strains against all these three antibiotics 
(ampicillin, levofloxacin and cefuroxime) have been found to decrease statistically significantly (p<0.05). 
Nigella sativa L.’s essential oils showed complete zone of inhibition of the standart E.coli strains (p<0.05).
Besides this, in experiments with multi drug resistant E.coli isolates, it was found that the inhibition zones 
of Nigella-treated GSBL producing E.coli strains differed from non-treated strains. There was a statistically 
significant increasing in inhibition zones in drug E.coli isolates (p<0.01).The essential oils of Nigella sativa 
L. may contain promising antimicrobial components in the treatment of multi drug-resistant Ecoli isolates.
This is very important for the discovery of new antimicrobial agents. More extensive clinical trials should 
be undertaken in this regard. 
Keywords: Escherichia coli, Nigella sativa L., drug, resistance, essential oil.

Резюме
Escherichia coli е един от най-важните човешки патогени и е основна причина за нозокомиални 

инфекции. Целта на настоящето проучване е да се изследва ефикасността на антимикробното действие 
на Nigella sativa L. срещу множество лекарствено резистентни изолати от E. coli. Експериментите са 
проведени с резистентни към много лекарства изолати на E. coli, използвани са семена от Nigella sa-
tiva L. от пазара на подправки. Резистентните E. coli щамове са идентифицирани с конвенционални 
методи. Антибактериалната активност на етеричните масла на Nigella sativa L. се извършва чрез 
дисково дифузионен тест. Освен това, когато е необходимо, са използвани автоматизирани системи 
за бързо идентифициране на микроорганизми и тест за чувствителност. Продукцията на ESBL от 
тези щамове е потвърдена чрез тест за двойно дисково синергично действие. Диапазонът на MIC 
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при ESBL произвеждащите E. coli, е между 4 и 32 мкг/мл а този на цефуроксим е от 2 16 16 мкг/
мл. Стойностите на MIC на ампицилин са в диапазона от 0.25 до 4 мкг/мл, на левофлоксацин е 
1 до 8 мкг/мл, а на цефуроксим - 0.25-4 мкг/мл. След въздействието с етерични масла от N. sa-
tiva, степента на резистентност на щамове E. coli, произвеждащи GSBL срещу изпитаните три 
антибиотика (ампицилин, левофлоксацин и цефуроксим) е намаляла статистически значително 
(р<0,05). Етеричните масла на N. sativa L. показват зона на пълно инхибиране на стандартните E. coli 
щамове (р <0.05). Освен това, при експерименти с мултирезистентни E. coli изолати, е установено, 
че зоните на инхибиране при третирани с Nigella GSBL произвеждащи E. coli щамове се различават 
от нетретираните. Наблюдава се статистически значимо увеличение в зоните на инхибиране на 
изолатите на E. coli (p <0,01). Етеричните масла на N. sativa L. вероятно съдържат перспективни 
антимикробни компоненти за лечение на мултирезистентни E. coli изолати. Получените резултати 
са важен принос при откриването на нови антимикробни агенти.

Introduction
Nosocomial infections are quite important 

and a widespread as the public health problem in 
our country like all over the world. One of the most 
important agents of hospital infections is Esche-
richia coli, which is the most important cause of 
hospital and community acquired urinary system 
infections. E. coli infections cause significant mor-
bidity and mortality (Bereket et al., 2012; Totsika 
et al., 2012).

In recent years, increasing resistance profiles 
have been reported in E. coli strains as with all hos-
pital infections agents. In particular, there are seri-
ous difficulties in the treatment of infections caused 
by E. coli strains producing broad spectrum β-la-
ctamase (ESBL). Due to the increased antibiotic 
resistance, new drug investigations are continuing 
intensively in our country as well as all over the 
world. For this purpose, new drug research studies 
are being carried out intensively on plant-based ac-
tive components due to low toxicity (Bereket et al., 
2012; Kang et al., 2012; Totsika et al., 2012; Pres-
tinaci et al., 2015; Padmini et al., 2017). Due to the 
wide range of pharmacological activities of Nigella 
sativa L., significant and intensive studies are being 
carried out in this area. N. sativa is an endemic spe-
cies that grows naturally in our country and especi-
ally in our region and is cultivated (Venkatachallam 
et al., 2010).

In this study, we aimed to investigate the an-
timicrobial activity of essential oils of N. sativa L. 
on multiple drug resistant E. coli strains.

Materials and Methods
Isolation of the essential oils

Oven-dried at 35oC to constant weight, 100 
g seeds of N. sativa L. were extracted by hydro-
distillation with 1 L of distilled water for 3 h using 
Neo-Clevenger apparatus. The oils were dried over 
anhydrous sodium sulphate and then stored in dark 

color (amber) glass bottles and kept at 4oC ready for 
GC-MS analysis.
GC-MS analysis of essential oil

Analysis of the essential oils was carried out 
by using Thermo Scientific Focus Gas Chromato-
graph equipped with MS, auto sampler and TG-
WAX MS-A (5% Phenyl Polysilphenylene-silox-
ane, 0.25 mm x 30 m i.d, film thickness 0.25). The 
carrier gas was helium (99.9%) at a flow rate of 1 
mL/min; ionization energy was 70 eV. Mass range 
m/z 50-650 amu. Data acquisition was scan mode. 
MS transfer line temperature was 250o C, MS Ion-
ization source 319 temperature was 220o C, the in-
jection port temperature was 220o C. The samples 
were injected with 250 split ratio. The injection vol-
ume was 1 µl. Oven temperature was programmed 
in the range of 50 °C to 220 o C at 3o C /min. The 
structure of each compound was identified by com-
parison with their mass spectrum (Wiley). The data 
were handled using Xcalibur software program.
Isolation and ıdentification

Multidrug resistant E. coli strains were identi-
fied by conventional methods. The antibacterial ac-
tivity of N. sativa L.’s essential oils was performed 
by disk diffusion test. Also, when needed, automa-
ted systems (Vitek-32, BioMerieux, France) were 
used for rapid identification of microorganisms and 
susceptibility testing identification. The ESBL pro-
duction of these strains was confirmed by double 
disc synergy test.
Bacteria

In this study, E. coli strains were provided 
from the bacteriological laboratory of Mustafa Ke-
mal University of Department of Microbiology, 
Turkey. E. coli strains were incubated in Mueller 
Hinton Agar (MHA, Oxoid) and incubated at 37°C 
for overnight. Then, McFarland standards were 
used as a final concentration of approximately 105 
CFU per ml. Later, the Mueller Hinton Agar plates 
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were inoculated with the essential oils of N. sativa 
L and incubated at least 48 hours at 37°C.
Determination of antibacterial activity

Conventional methods (colony morphology, 
gram staining properties, according to biochemi-
cal tests) were used for the identification of bac-
terial strains. When Bacteria couldn’t be identified 
by conventional methods, automatic system (Vitec 
2.0, bioMerieux, France) was used.

In this study, standard bacterial strain (E. coli 
ATCC 25922) was also used as a standard strain. 
The antimicrobial activity of N. sativa L. against 
multi-drug resistant E. coli strains was evaluated 
with disc difusion and broth microdilution metho-
ds. Minimal inhibition concentration values of N. 
sativa L.’ essential oils were measured according to 
the CLSI (Clinical and Laboratory Standards Insti-
tute) guidelines (CLSI 2011).

Mueller-Hinton Broth was used for testing 
bacterial strains. The inoculum density was selec-
ted as 1x105 cfu/ml. The essential oils of N. sativa 
L. were dissolved in DMSO. Then, the concentrati-
ons of N. sativa L.’s essential oils ranged from 256 
to 0.25 µg/ml. The plates were incubated at 37ºC 
and evaluated after 48 hours. The MIC values of N. 
sativa L. against multi-drug resistant E. coli strains 
were determined as the lowest concentrations of the 
substance that had no visible turbidity.

E. coli strains showing a clear zone of inhi-
bition >10 mm were considered to be sensitive. All 
experiments were carried out in triplicates for each 
combination of EOs (essential oils) of N. sativa L. 
The antibacterial activity of EOs was evaluated by 
measuring the diameter of the inhibition zone.

Drug resistant E. coli strains isolated from 
clinical specimens were used in the study. Modi-
fied disk synergy test was used for the detection of 
broad spectrum beta lactamase (ESBL) presence of 
strains.
Disc diffusion test

For this purpose, 1x107 cell per ml was spread 
on the Mueller-Hinton agar.  Then, discs containing 
different concentrations of N. sativa L. were placed 
on agar medium. In the study, sterile DMSO was 
chosen as the negative control. The plates were in-
cubated for 24 hours at 37 °C, then the activity was 
assessed by measuring the inhibition zone diame-
ters in mm.
Determination of MIC values

MIC values were determined as the lowest 
concentration which is able to inhibit the bacte-
rial growth. The MIC concentrations of N. sativa 
L. were determined according to the microdilution 

broth method. Dilutions of the essential oils of N. 
sativa L. were prepared in Mueller-Hinton broth to 
obtain a final concentration of 16, 8, 4, 2, 1, 0.5, 
0.25 μl, respectively. And then bacteria adjusted 
to 0.5 McFarland standards were added to all the 
tubes containing different concentrations of essen-
tial oils. All the bacterial tubes were incubated at 
37°C for 24 hours. At the end of incubation, bac-
terial specimens from each tube were inoculated 
onto Mueller-Hinton agar plates. The plate without 
growth was determined as MIC value.

Results and Discussion 
Nigella is an annual herbaceous (Gharby et 

al 2015), which belongs to the botanical family 
of Ranunculaceae that commonly grows in East-
ern Europe, the Middle East, and Western Asia. It 
is a small shrub with tapering green leaves and ro-
saceous white and purplish flowers (Shalih et al., 
2015). It is reported that there are twelve species 
of Nigella in Turkey. N. sativa is one of the most 
important cultivar produced. It is generally known 
that Nigella seeds are economically valuable. N. sa-
tiva seeds contain 20% protein, 30% fixed fat and 
35% carbohydrate (Baydar, 2016). It has been re-
ported that N. sativa seeds contain 0.4-2.5% essen-
tial oils. In previous studies, it has been shown that 
N. sativa L. has quite rich active constituents. The 
chemical composition obtained by GC-MS was de-
termined to have more than 20 pharmacologically 
specific components, such as p-cymene, α-thujene, 
γ-terpinene, carvacrol, α-pinene and β-pinene (Ven-
katachallam et al., 2010).

The major components were as follows: The 
contents of Anethole (22.97%), Thymoquinone 
(21.36%), α-thujene (6.22%), Longifolene (5.76%), 
Trans-isoeugenol (3.55%) and Carvacrol. In many 
studies the essential oils of N. sativa have been re-
ported to have antimicrobial effects against various 
infectious agents. In this study, we investigated 
the effects of N. sativa L.’ essential oils on multi-
ple drug resistant E. coli strains; we also searched 
whether there would be new hope for the treatment 
of infections caused by these drug resistant strains.

In our study, we examined the effects of N. 
sativa’s essential oils against drug-resistant E. coli 
strains by both disk diffusion method and microdi-
lution method. In the disk diffusion method, the 
inhibition zone diameters of E. coli strains treated 
with essential oils of N. sativa L. were found to be 
statistically significantly higher compared to those 
not treated with essential oils (Fig. 1). 
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Fig. 1. Effects of EOs of N. sativa L. on inhibition zone diameters of antibacterial drugs against standart 
and drug resistant E. coli strains 

Fig. 2. MIC ranges of standart drugs and EOs of N. sativa L. against drug resistant E. coli isolates

Fig. 3. After treatment with EOs of N. sativa L., resistance rates of drug resistant E. coli strains against 
standart drugs
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N. sativa L.’s essential oils showed comple-
te zone of inhibition of the standard E. coli strains 
(p<0.05). Besides this, in experiments with multi 
drug resistant E. coli isolates, it was found that the 
inhibition zones of Nigella-treated GSBL produ-
cing E. coli strains differed from non-treated stra-
ins. There was a statistically significant increasing 
in inhibition zones in drug resistant E. coli isolates 
(p<0.01).

In addition, in the microdilution method E. 
coli strains treated with essential oils in the MIC 
values of the antibacterial drugs were observed to 
be statistically significantly lower when compared 
to those not treated with the essential oils. In GSBL 
producing E. coli strains, MIC of ampicillin range 
of 4-32 μg/ml and MIC range of cefuroxime were 
found to be MIC range 2-16 μg/ml. MIC values of 
ampicillin range of 0.25-4 μg/ml and MIC range 
of levofloxacin of 1-8 μg/ml and MIC range of ce-
furoxime were found to be 0.25-4 μg/ml. Following 
treatment with essential oils of N. sativa, resistance 
rates of GSBL producing E. coli strains against all 
three antibiotics (ampicillin, levofloxacin and ce-
furoxime) have been found to decrease statistically 
significantly (p<0.05). (Fig. 2 and Fig. 3). 

Conclusions
As can be understood from the results of the 

study, it is indisputable that the essential oils of N. 
sativa L. were found to be highly effective against 
multi-drug resistant E. coli strains. Even more im-
portantly, we think that the essential oils of N. sa-
tiva L. may be a very important hope for the treat-
ment of infections caused by drug-resistant E. coli 
strains. We are think that this work will be a step-
ping stone for further studies. This is very impor-
tant for the discovery of new antimicrobial agents. 
More extensive clinical trials should be undertaken 
in this regard.
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Abstract
Infections of Epstein-Barr virus (EBV), cytomegalovirus (CMV), human herpesvirus-6 and -7 (HHV-

6, HHV-7) are suspected as etiological agents of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome 
(ME/CFS). The aim of this study was to select and optimize PCR-based systems for detection of EBV, 
CMV and HHV-6 in biological samples from ME/CFS patients and controls.

Whole blood and plasma samples obtained from 5 individuals, and DNA samples containing the en-
tire viral genome of EBV, CMV and HHV-6 were used in this study. Conventional and nested PCR systems 
were assessed for their efficiency in virus DNA amplification. For PCR optimization modifications in reac-
tion volume, concentration of primers and MgCl2, and in annealing temperatures were assessed. Sensitivity 
of reactions was estimated by serial dilutions of viral DNA. PCR systems were tested with HSV, VZV, EBV, 
CMV and HHV-6 for cross-reactivity. 

EBV, CMV and HHV6 DNA were not detected in blood and serum samples by conventional PCR and 
the first round of nested PCR. EBV, CMV and HHV-6 positive samples were only detected in the second 
round of nested PCR in blood samples (two samples were EBV-positive, CMV and HHV-6 were detected 
in one sample each). The PCR conditions for each virus in both steps of amplification were optimized.  The 
sensitivity of nested PCR was determined to be not less than 200 copies/mL of sample. No cross-reactivity 
was detected with other herpes viruses. The optimized nested PCR assays are highly sensitive and specific 
and allow detection of EBV, CMV and HHV-6 in clinical specimens to study the potential role of these 
viruses in ME/CFS.
Keywords: Encephalomyelitis/Chronic Fatigue Syndrome, biomarkers, EBV, CMV, HHV-6, PCR

Резюме
Съществува хипотеза, че инфекциите с Епщайн-Бар вирус (EBV), цитомегаловирус (CMV), 

човешки херпесен вирус-6 и -7 (HHV-6, HHV-7) са етиологичен фактор за развитието на миалгичен 
енцефаломиелит /синдром на хроничната умора (ME/CFS). Целта на настоящото изследване е да 
селектира и оптимизира PCR системи, подходящи за доказване на EBV, CMV и HHV-6 в биологични 
проби от пациенти с ME/CFS и контроли.

Цяла кръв и плазма от 5 пациенти, както и ДНК проби, съдържащи целия геном на EBV, CMV и 
HHV-6 бяха използвани в това изследване. Конвенционални и нестед PCR системи бяха изследвани 
за определяне на тяхната ефективност при амплификация на вирусна ДНК. За оптимизация на 
PCR системите бяха тествани модификации в обема на реакциите, концентрацята на праймерите и 
MgCl2 и в температурата на анилинг. Чувствителността на реакциите определяхме чрез изследване 
на серийни разреждания на вирусна ДНК. PCR системите бяха тествани с HSV, VZV, EBV, CMV и 
HHV-6 за кръстосана реактивност.

Не установихме EBV, CMV и HHV-6 ДНК в кръвни и серумни проби с конвенционален PCR 
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и при първата реакция на нестед PCR. EBV, CMV и HHV-6 бяха открити само при втората реакция 
на нестед PCR в кръвни проби (две проби бяха EBV-позитивни, CMV и HHV-6 бяха открити в по 
една проба). PCR протоколите за всеки вирус в двата етапа на амплификация бяха оптимизирани. 
Установихме, че чувствителността на нестед PCR е не по-малка от 200 копия /mL от пробата. Не 
открихме кръстосана реактивност с други херпесни вируси. Оптимизираните нестед PCR системи 
са с висока чувствителност и специфичност и позволяват откриване на EBV, CMV и HHV-6 в кли-
нични проби с цел изследване на потенциалната роля на тези вируси в МЕ/CFS.

Introduction
Myalgic Encephalomyelitis/Chronic Fatigue 

Syndrome (ME/CFS) is a serious, chronic, multi-
system disease characterized by severe fatigue and 
other disabling symptoms (Christley et al., 2012). 
ME/CFS has a considerable social and economic 
impact and a prevalence rate between 0.2% and 
2.6% (Reid et al., 2000; Afari and Buchwald, 2003). 
There are no data concerning ME/CFS in Bulgaria. 

So far, the etiology and pathogenesis of ME/
CFS are unknown and there are no validated dis-
ease biomarkers, in part due to the limited numbers 
of patients included in the ME/CFS studies and to 
the heterogeneity of the illness. Many factors, such 
as immunological, infection related, metabolic or 
neurological are associated with the pathogenesis 
of ME/CFS (Bansal et al., 2012). Viral infection 
has been reported as a trigger of ME/CFS and the 
hypothesis is based on the sudden onset of “flu-
like” symptoms in the majority of cases. Infection 
with certain viruses, especially persistent infections 
with Epstein-Barr virus (EBV), cytomegalovirus 
(CMV), human herpesviruses 6 and 7 (HHV-6, 
HHV-7), have been suspected to be associated with 
ME/CFS (Ablashi  et al. 2000; Komaroff, 2006; 
Cameron et al., 2010; Bansal et al., 2012; Chapen-
ko et al., 2012). It was suggested that these infec-
tions may cause chronic activation of the immune 
system with abnormal regulation of cytokine pro-
duction leading to ME/CFS (Bansal et al., 2012). 
However, the role of viruses in ME/CFS remains 
controversial and so far, no particular virus has been 
implicated as the causative agent of the disease.

EUROMENE is a European network of re-
searchers and clinicians on ME/CFS supported by 
the European COST program within Horizon 2020 
(http://www.cost.eu/ COST_Actions/ca/CA15111). 
The aims of EUROMENE are to foster strategies 
for collaboration and harmonization of diagno-
sis and research on ME/CFS. As a partner of EU-
ROMENE network and member of the Working 
group on biomarkers, particularly Infection-as-
sociated ME/CFS biomarkers, we are involved in 
characterization of EBV, CMV and HHV-6 and 7 
infections in ME/CFS patients in Bulgaria. One of 

the methods, most commonly used for detection 
of these viruses in different biological samples is 
PCR. Therefore, as a first step, we have selected 
and optimized PCR-based systems for detection of 
EBV, CMV and HHV-6 in biological samples ob-
tained from patients with ME/CFS and controls. 
The results of our work are reported here. 

Material and Methods
Whole blood and plasma samples obtained 

from 5 individuals, and DNA samples containing 
the entire viral genome of EBV (Genekam, Duis-
burg, Germany), CMV (Genekam, Duisburg, Ger-
many) and HHV-6 (kindly provided by Prof. M. 
Murovska, August Kirchenstein Institute of Mi-
crobiology and Virology, Riga Stradins University, 
Latvia) were used in this study.

DNA extraction from the whole blood and se-
rum samples was performed by PureLink® Genom-
ic DNA Mini Kit (Invitrogen™) and PureLink® 
Viral RNA/DNA Kit (Invitrogen™), respectively, 
and 5 µl was used in each PCR. Conventional and 
nested PCR systems were assessed for efficiency 
of amplification of EBV, CMV and HHV-6 genom-
ic sequences. The primers were selected accord-
ing to the data available in the literature. The EBV 
specific primers were directed at EBNA-1 region. 
The following sets of primers were used: set 1 for 
conventional PCR (5’-ccaccagcagcaccagca-3’ and 
5’-cagggccaccatggtggc -3’) (Yap et al., 2007) and 
set 2 - for nested PCR (outer primers 5‘-aaggag-
ggtggtttggaaag-3’ and 5’-agacaatggactcccttagc-3’; 
inner primers 5’-gctagaacgtatttgctgcagaacg-3’ and 
5’-atccgaaacaactgtctgactggca-3’) (Cinque et al., 
1993). PCR for CMV detection was directed to 
the gH region. For conventional PCR the primer 
set was 5’-tggacctggccaaacgagccc-3’ and 5’-tg-
gacgaggctgcccatgagg-3’ (Allen et al., 1995). Nest-
ed PCR was performed using the following set of 
primers: outer primers - 5’-tggacctggccaaacgagc-
cc-3’ and 5‘-tggacgaggctgcccatgagg-3’ and inner 
primers 5’-tcaccgacatcaccagcctcg-3’ and 5’-cttg-
gcgcgcgaaggctgaaag-3’. The primers used for 
the conventional HHV-6 PCR were 5’-cccatttac-
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gatttcctgcaccacctctgc-3‘ and 5‘-ttcagggaccgttatgt-
cattgagcatgtcg-3‘(Torelli et al., 1991). Nested PCR 
for HHV-6 detection was directed to a highly con-
served region encoding the major capsid protein 
with the outer primers -5’-gcgttttcagtgtgtagttcgg-
cag-3‘ and 5‘-tggccgcattcgtacagatacggagg-3‘, and 
inner primers 5‘-gctagaacgtatttgctgcagaacg-3‘ and 
5‘-atccgaaacaactgtctgactggca-3‘ (Secchiero et al., 
1995; Bandobashi et al., 1997).  

In all nested PCR systems a sample of the 
first round product was used as template for the 
second round. DNA samples containing the entire 
viral genome of EBV, CMV and HHV-6 were used 
as positive controls and distilled water as negative 
control.

First, the amplification mixtures and the cy-
cling protocols for each set of primers were fol-
lowed as described in the literature (Torelli et al., 
1991; Cinque et al., 1993; Allen et al., 1995; Secch-
iero et al., 1995; Bandobashi et al., 1997; Yap et al., 
2007) without any modifications. Further, the opti-
mal amplification conditions were determined ex-
perimentally. For PCR optimization modifications 
were made in reaction total volume (25µl and 50 
µl), concentration of primers (0.005µM, 0.01µM, 
0.1µM, 0.2µM, 0.5µM), concentration of MgCl2 
(1.5mM, 2mM, 3mM, 4mM, 5mM) and annealing 

Fig. 1. Detection of EBV by nested PCR (second 
PCR): amplification of 209 bp fragment in EBV 
positive sample (line 2), negative (line 4) and 
positive (line 3) controls, line 1 - EBV negative 
sample, line 5 - MW marker, 100 bp DNA ladder.

Fig. 3. Detection of HHV-6 by nested PCR: 
amplification of 258 bp fragment in HHV-6 
positive samples (lines 1 and 2), negative (line 5) 
and positive (line 3) controls, line 4 - MW marker, 
50 bp DNA ladder.

Fig. 2. Detection of CMV by nested PCR: 
amplification of 159 bp fragment in CMV positive 
sample (line 4), negative (line 1) and positive (line 
5) controls, line 3 - CMV negative sample, line 2 - 
MW marker, 50 bp DNA ladder.
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temperature (45, 50, 55, 56, 57, 58, 60, and 65°C).
Sensitivity of reactions was estimated by 

testing serial10-fold dilutions (starting with 1µg) of 
DNA samples containing the entire viral genome. 
Each PCR system was tested with HSV, VZV, EBV, 
CMV and HHV-6 for potential cross-reactivity. 

Amplifications were performed on a DNA 
Engine Opticon 2 system (MJ Research) Thermal 
Cycler. 10 µl of each PCR product was analyzed by 
electrophoresis on 2% agarose gel. 

Results and Discussion
Initially, we tested all PCR systems following 

the amplification mixtures and cycling protocols as 
described in the literature without any modifications 
(Torelli et al., 1991; Cinque et al., 1993; Allen et 
al., 1995; Secchiero et al., 1995; Bandobashi et al., 
1997; Yap et al., 2007). As expected, nested PCR 
systems were more sensitive. We were not able to 
detect EBV, CMV and HHV-6 DNA in blood and 
serum samples by conventional PCR and the first 
round of nested PCR. EBV, CMV and HHV-6 pos-
itive samples were only detected through nested 
PCR. Two of the blood samples we were EBV posi-
tive – we observed amplicons of expected length of 
209 bp in the second round of nested PCR (Fig. 1). 

CMV and HHV-6 were detected in one blood 
sample each – the expected 159 bp (CMV) and 258 
bp (HHV-6) amplicons were generated in the sec-
ond round of nested PCR (Fig. 2 and Fig. 3). All 5 
serum samples were negative for EBV, CMV and 
HHV-6 by all PCR systems and their modifications. 
These results indicated that the two-step amplifi-
cation procedure increased the sensitivity of reac-
tions.

Due to non-specific amplification products, 
we additionally optimized the PCR tests. We evalu-
ated several parameters that are known to influence 
the outcome of the reaction. We made modifica-
tions in reaction volume, primers and MgCl2 con-
centration and in cycling protocols. After optimi-
zation, the reaction total volume was fixed to 25µl 
for EBV and CMV PCR and 50µl for HHV-6 PCR. 
The optimal final concentration of primers accord-
ing to our studies was 0.01µM and 3mM of MgCl2. 
We tested several annealing temperatures – the best 
results were observed at an annealing temperature 
of 55°C (EBV/firs PCR), 60°C (EBV/second PCR), 
56°C (CMV/first and second PCR), 57°C (HHV-6/
first and second PCR). The optimized cycling pro-
files were as follows: initial denaturation of 5 min 
at 94°C and final extension - 5 min at 72°C for all 
PCR; EBV - first round of amplification consisted 

of 40 cycles (30 sec at 94°C, 30 sec at 55°C and 45 
sec at 72°C) and the second round – of 40 cycles 
(30 sec at 94°C, 30 sec at 60°C and 45 sec at 72°C); 
CMV first round – 40 cycles (30 sec at 94°C, 30 sec 
at 56°C, 45 sec at  72°C), CMV second round – 30 
cycles (30 sec at 94°C, 30 sec at 56°C, 1 min at  
72°C); HHV-6 first and second round -  40 cycles (1 
min at 94°C, 1 min at 57°C, 1 min at  72°C).

By serial dilutions of viral DNA we deter-
mined that the sensitivity of nested PCR was not 
less than 200 copies/mL of sample. We also as-
sessed our optimized PCR systems for specificity. 
We did not observe cross-reactivity after we tested 
each PCR system with HSV, VZV, EBV, CMV and 
HHV-6.

Although our studies showed that due to 
their higher sensitivity nested PCRs are appropri-
ate systems for detection of EBV, CMV and HHV-
6 in clinical samples, there is a risk of false-posi-
tive results because of cross-contamination among 
samples during preparation of the second round of 
PCR. Therefore, in order to minimize the risk, it is 
obligatory to apply special measures to avoid con-
tamination.

Conclusions
The selected and optimized nested PCR as-

says are highly sensitive and specific and allow de-
tection of EBV, CMV and HHV-6 in clinical spec-
imens to study the potential role of these viruses in 
ME/CFS.
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Abstract
The role of KI polyomavirus (KIPyV) and Merkel cell polyomavirus (MCPyV) as human pathogens 

is not completely understood. The aim of this study was to determine the prevalence of these polyomavi-
ruses in patients with respiratory diseases (acute and chronic, including lung cancer). 221 nasopharyngeal 
swabs and lung biopsy specimens were studied for the presence of KIPyV and MCPyV by nested PCR. 
KIPyV and MCPyV were detected in nasopharyngeal specimens at similar rates, 10.3% and 8.2%, respec-
tively. We found 2.8% KIPyV positivity rate among patients with non-cancer chronic lung diseases. All 
specimens from lung cancer cases were negative for KIPyV and MCPyV. The results suggested that there 
may be a relationship between these polyomaviruses and acute respiratory diseases, but no evidence was 
found for their involvement in lung cancerogenesis.
Keywords: KI polyomavirus, Merkel cell polyomavirus, prevalence, PCR, respiratory diseases, lung 
cancer 

Резюме
Ролята на KI полиомавирусите (KIPyV) и на свързаните с Меркел-клетъчния карцином 

полиомавируси (MCPyV) като човешки патогени не е напълно изяснена. Целта на настоящото про-
учване е да се установи разпространението на тези полиомавируси при пациенти с респираторни 
заболявания (остри и хронични, в т.ч. и рак на белия дроб). Изследвани са 221 назофарингеални 
смивове (НФС) и проби от биопсичен материал от бял дроб (БМБ) за наличие на KIPyV и MCPyV 
чрез нестед PCR. Не установихме съществени различия в разпространението на KIPyV и MCPyV 
в НФС - открити бяха съответно в 10.3% и 8.2% от случаите. 2,8% от БМБ, получени от пациенти 
с хронични неонкологични белодробни заболявания бяха положителни за KIPyV.  Всички проби от 
случаите с рак на белия дроб бяха отрицателни за KIPyV и MCPyV. Резултатите предполагат възмож-
на връзка между тези полиомавируси и острите респираторни заболявания, но липсва доказателство 
за тяхното участие в белодробната канцерогенеза.

Introduction
The first human polyomaviruses (HPyV), JC 

polyomavirus (JCPyV) and BK polyomavirus (BK-
PyV), were discovered in 1971 in severely immu-
nosuppressed patients. Today, due to the new tech-
niques for viral detection, the human polyomavirus 

family consists of thirteen members (Table 1). 
KI polyomavirus (KIPyV) and Merkel cell 

polyomavirus (MCPyV) are among the newly 
(2007-2008) identified HPyV (Allander et al., 2007; 
Feng et al., 2008). KIPyV was named after the Kar-
olinska Institute (Stockholm, Sweden), where the 
virus was discovered and MCPyV - due to its de-
tection in Merkel cell carcinoma (MCC). Although 
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KIPyV and MCPyV share certain characteristics 
with the well-studied BKPyV and JCPyV, they 
show important differences such as little sequence 
homology of genomes and proteins, differences in 
viral life cycle, pathogenicity and so on (Dalianis 
and Hirsch, 2013; Feltkamp et al., 2013). Little is 
known about the route of infection, transmission, 
cell tropism and pathogenicity of these viruses. 

KIPyV was identified first in respiratory 
specimens from children with acute respiratory in-
fections, which suggested the respiratory tract as 
a possible site of infection, transient or persistent 
(Allander et al., 2007). So far, however, the etio-
pathogenicity of KIPyV in respiratory diseases re-
mains speculative. To date, KIPyV has not been as-
sociated with a specific disease and data on its on-
cogenicity are controversial (Babakir-Mina et al., 
2009; Dalianis et al., 2009). Although viral DNA 
sequences have been found in lung cancers and 
lymphoma, KIPyV has not been linked to a specific 
malignancy (Babakir-Mina et al., 2011). 

MCPyV has been implicated in the etiology 
of MCC but most MCPyV infections are asymp-
tomatic. MCPyV DNA has been detected in a va-
riety of non-MCC cancers, including lung cancer 
(Andres et al., 2010; Imajoh et al., 2012; Spurgeon 
and Lambert, 2013; Salakova et al., 2015), but the 
role of MCPyV in these malignances is not clear.

There has been intensive search for these vi-

ruses in clinical specimens to determine their nat-
ural history and role in human pathology, but the 
results are inconclusive. Therefore, we aimed to 
evaluate the distribution of KIPyV and MCPyV in 
Bulgarian patients with respiratory diseases – acute 
and chronic, including lung cancer, in order to eval-
uate the association between these virus infections 
and respiratory diseases.

Material and Methods
Clinical samples

We analyzed 133 nasopharyngeal swabs 
(NPS) and 88 lung biopsy specimens (LBS) ob-
tained from 107 males and 114 females with res-
piratory diseases aged between 1 and 83 years. NPS 
were from patients with acute respiratory diseases 
of higher and lower respiratory tract (pharyngitis, 
tonsillitis, common cold, bronchitis, pneumonia, 
etc.) and LBS - from patients with chronic lung dis-
eases (53 histologically proven lung cancer cases 
and 35 cases with non-cancer chronic lung diseas-
es).
Detection of KIPyV and MCPyV by nested PCR

DNA extraction was performed by GeneJET 
Genomic DNA Purification Kit (Thermo Scientif-
ic™) and PureLink® Genomic DNA Mini Kit (In-
vitrogen™). We assessed the quality of extracted 
DNA by β- globin gene amplification. Detection 
of KIPyV and MCPyV was performed by nested 

Full name Abbreviation Year of
discovery

Source of isolation

BK polyomavirus BKPyV 1971 Urine
JC polyomavirus JCPyV 1971 Urine, brain
Karolinska Institute polyomavirus KIPyV 2007 Nasopharyngeal tissue
Washington University polyomavirus WUPyV 2007 Nasopharyngeal tissue
Merkel cell polyomavirus MCPyV 2008 Lesion
Human polyomavirus 6 HPyV6 2010 Skin
Human polyomavirus 7 HPyV7 2010 Skin
Trichodysplasia spinulosa-associated 
polyomavirus

TSPyV 2010 Lesion

Human polyomavirus 9 HPyV9 2011 Skin, blood, urine
Malawi polyomavirus MWPyV 2012 Stool, wart
St Louis polyomavirus STLPyV 2013 Stool
Human polyomavirus 12 HPyV12 2013 Metastatic liver tissue
New Jersey polyomavirus NJPyV-2013 2014 Endothelial cells 

(myositis, cut. necrosis)

Table 1. Human polyomaviruses (HPyV)
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PCR using the following primer sequences: for am-
plification of KIPyV - 5′-aaggccaagtcaagttc-3′ and 
5′-acactcactaacttgatttgg-3′ (first PCR), 5′-cgcag-
taccactgtcagaagaaac-3′ and 5′-ttctgccaggctgtaacat-
ac-3′ (second PCR); for amplification of MCPyV - 
5’-tgcaaatccagaggttctcc-3’ and 5’-aaaacacccaaaag-
gcaatg-3’(first PCR), 5’-atattgcctcccacatctgc-3’ and 
5’-tgccctaatgttgcctcagt-3’(second PCR). Amplifi-
cations were performed on a DNA Engine Opticon 
2 system (MJ Research) with 15 μl reaction volume 
and PCR conditions as follows: denaturation for 5 
min at 94°C, followed by 35 cycles of 30 sec at 
94°C, 30 sec at 60°C, and 30 sec at 72°C and final 
extension step of 7 min at 72°C. 

The plasmids containing the complete ge-
nome of KIPyV or MCPyV were used as positive 
controls and distilled water as negative control. The 
PCR products were analyzed in 2% agarose gels by 
electrophoresis.

All specimens that were positive for KIPyV 
and MCPyV were retested.
Statistical analysis

Statistical analysis was performed with SPSS 
for Windows v.10.0 using Fisher exact test to cal-
culate P values. P values of less than 0.05 were con-
sidered statistically significant.

Results and Discussion
Among all 133 NPS, 97 were β-globin pos-

itive and were further tested for the presence of 
KIPyV and MCPyV DNA. Amplifications of 211-
bp and 307-bp fragments in the second PCRs were 
observed in KIPyV and MCPyV positive speci-
mens, respectively. KIPyV and MCPyV prevalence 
was at similar rates, 10.3% (10 of 97) and 8.2% (8 
of 97), respectively (Fig. 1 and Fig. 2).

NPS were obtained from patients with acute 
respiratory diseases of the upper and lower respi-
ratory tract (pharyngitis, tonsillitis, common cold, 
bronchitis, pneumonia, etc.). All KIPyV positive 
samples were from patients with flu-like symp-
toms. Positive for MCPyV were patients with flu-
like symptoms (5), pneumonia (2) and with ton-
sillopharyngitis (1). In our study we found higher 
KIPyV (10.3%) and MCPyV (8.2%) prevalence in 
NPS compared with results from other countries 
(KIPyV: 0.5% to 8%; MCPyV: 1.3-4.2%) (Biala-
siewicz et al., 2009; Goh et al., 2009; Kantola et 
al., 2009; Kiassari et al., 2011; Babakir-Mina et al., 
2013; Iaria et al., 2015).

Fig. 1. KIPyV prevalence in NPS

Fig. 2. MCPyV prevalence in NPS

Fig. 3. KIPyV and MCPyV prevalence according 
to age 

Fig. 4. KIPyV and MCPyV prevalence according 
to gender
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We analyzed the presence of KIPyV and 
MCPyV in NPS obtained from the following groups 
of patients: men and women;”aged 12 years or less” 
and “older than 12 years”. The results showed that 
the difference of the KIPyV and MCPyV status ac-
cording to the age and gender was not statistically 
significant (Fig. 3 and Fig. 4).

Previous studies concerning KIPyV or 
MCPyV involvement in lung cancerogenesis were 
controversial. Some of them have shown presence 
of these polyomaviruses in the lung tissue and lung 
cancer (Anders et al., 2009; Babakir-Mina et al., 
2009; Gheit et al., 2012; Kim et al., 2017). There-
fore, we tested 53 LBS collected from patients with 
histologically proven lung cancer. 35 specimens 
from cases with non-cancer chronic lung diseas-
es (pulmonary fibrosis, hamartoma, COPD, in-
flammatory pseudotumors, sarcoidosis) were used 
as negative controls. All lung cancer specimens 
were KIPyV and MCPyV negative. Similar results 
were observed by others studies not able to detect 
KIPyV and MCPyV in lung cancer tissues (Wetzels 
et al., 2009; Teramoto et al., 2011; Karami et al., 
2014). Of the 35 tested samples from patients with 
non-cancer chronic lung diseases only one (2.8%) 
was KIPyV positive. It was obtained from a patient 
with hamartoma.

Conclusions
The high KIPyV and MCPyV prevalence 

found in specimens from patients with acute respi-
ratory diseases in this study suggested a potential 
role of KIPyV and MCPyV infection in the devel-
opment of these diseases. KIPyV and MCPyV were 
not detected in lung cancer samples, indicating no 
oncogenic potential and involvement of these vi-
ruses in lung cancerogenesis.
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Abstract 
In our study, it has been aimed to reveal the effects of estradiol, insulin, norepinephrine as a host 

factor on growth rate and biofilm formation of various microorganisms (uropathogenic Escherichia coli 
C7, Candida albicans SC5314, Enterococcus faecalis ATCC 29212, Methicillin resistant Staphylococcus 
auerus (MRSA) ATCC 43300 and Pseudomonas aeruginosa ATCC 27853). For this purpose, microorgan-
isms were grown in different media (TSB and SDB) supplemented with/without various concentrations of 
hormones. Growth rates were measured in 4th, 6th and 24th hours period by a spectrophotometer. Statistical 
analysis of growth rates were determined by using two-way ANOVA Bonferroni post-test. Biofilm forma-
tions were evaluated via microtiter plate assay. The effects of hormones on biofilm formation were deter-
mined via one-way ANOVA Tukey’s multiple-comparisons test. All hormone concentrations were shown 
to reduce the growth of E. faecalis statistically at 6 hours incubation. The growth of C. albicans was found 
to be altered (enhanced/reduced) only within the presence of high concentrations of different hormones. 
Besides there is no statistical significantly difference of any hormones tested on the growth rates of MRSA, 
P. aeruginosa and UPEC (p > 0.05).  Similar to growth rate results, biofilm formations were shown to be al-
tered with the presence all three hormones tested. However biofilm formations of P. aeruginosa and UPEC 
C7 were found to be not affected with the presence of any hormones tested (p > 0.05). It has been empha-
sized that, mammalian hormones determine the pathogenicity of infectious diseases as an environmental 
factor because they are known to affect microorganisms’ behaviors as well.  Our results have proven that, 
different concentrations of hormones have various effects on growth kinetics and virulence of microorgan-
isms. All these studies showed that, hormones determine the infectious processes directly in human.
Keywords: hormones, growth rate, biofilm, inter-kingdom communication 

Резюме
Целта на настоящото изследване е да се разкрие ефектът на естрадиол, инсулин и норепинефрин 

като фактор на гостоприемника върху скоростта на растежа и образуването на биофилм от различни 
микроорганизми (уропатогенни щамове - Escherichia coli C7, Candida albicans SC5314 и Entero-
coccus faecalis ATCC 29212, резистентни на метицилин - Staphylococcus auerus (MRSA) АТСС 
43300 и Pseudomonas aeruginosa АТСС 27853). Микроорганизмите се култивират в среди TSB и 
SDB, с или без добавка на хормони в различни концентрации. Скоростта на растеж се определя със 
спектрофотометър след 4-, 6- и 24-часов период. Статистическият анализ на растежната скорост се 
установява чрез използване на двуфакторен анализ ANOVA с Bonferroni post-тест. Образуваните 
биофилми се оценяват чрез анализ върху микротитърна плака. Ефектите на хормоните върху 
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образуването на биофилм се определя чрез еднофакторен анализ ANOVA и тест за множествени 
сравнения по метода на Tukey. Установено е, че всички концентрации на изследваните хормони на-
маляват статистически растежа на Е. faecalis при 6 часа инкубация. Резултати показват, че растежът 
на C. albicans се променя (увеличава/намалява) само в присъствието на високи концентрации. Освен 
това, няма статистически значима разлика за ефекта на изследваните хормони върху скоростта на 
растеж на MRSA, P. aeruginosa и UPEC (p> 0.05). Подобно на резултатите от скоростта на растеж, 
формирането на биофилмите се влияе от присъствието на изпитваните три хормона. Обаче, био-
филмите от P. aeruginosa и UPEC C7 не се влияят от наличието на тестваните хормони (р> 0.05). 
Доказано е, че хормоните на бозайниците определят патогенността на инфекциозните заболявания 
като фактор на околната среда, тъй като те променят поведението на микроорганизмите. Нашите 
резултати доказват, че различните концентрации на хормони имат различен ефект върху кинетиката 
на растежа и вирулентността на микроорганизмите. Всички тези изследвания показват, че хормоните 
определят инфекциозните процеси директно в човека.

Introduction 
It is well known that, during infection, mi-

croorganisms must overcome stress conditions 
induced by various environmental factors in their 
host such as hormones and some other chemicals 
(vitamins, bile salts, sugars, antibiotics, ions, pH 
etc.). Therefore, biologically important processes 
(growth, virulence, gene expression etc.) can be 
affected as a response to these host factors (Ko-
rnman et al., 1982; Adinolfi et al., 1988; Vescovi 
et al., 1996; Plotkin et al., 2000; Balague et al., 
2003; Lyte et al., 2010; Delcenseire et al., 2012; 
Hamner et al., 2013). Some microorganisms are 
known to produce mammalian hormones and they 
are also able to recognize and respond to eukaryotic 
hormones, which indicate the long-term co-exist-
ence and co-evolution of bacteria with their hosts 
(LeRoith et al., 1981; Bassler, 1999; Miller et al., 
2001; Walters et al., 2005). As an example, E. coli 
K12 strain, Tetrahymena pyriformis, Bacillus subti-
lis, and Trichophyton mentagrophytes can produce 
insulin, corticotrophin, somatostatin, progesterone, 
respectively (LeRoith et al., 1981; LeRoith et al., 
1985; Lyte, 2012). 

Colonization and the involvement of biofilm 
formation processes require quorum sensing sig-
nals. Host factors, pH, temperature and the amount 
of nutrients act as a microbial GPS system for com-
munication. It has been reported that mammalian 
hormones (epinephrine (E), norepinephrine (NE), 
dopamine, dopa, estrogen, progesterone, serotonin, 
testosterone, and insulin) can modulate bacterial 
growth, gene expression and antibiotic susceptibil-
ity in several studies (Plotkin et al., 2000; Lyte et 
al., 2003; Sperandio et al., 2003; Williams, 2007; 
Hughes et al., 2008; Delcenserie et al., 2012; San-
drini et al., 2014). 

In the present study, the effects of human in-
sulin, norepinephrine and estradiol (as host factors) 

on growth rate and biofilm formation in different 
microorganisms were investigated.

Materials and Methods 
Strains 

Different strains used in the present study 
are Methicillin resistant Staphylococcus aureus 
(MRSA) ATCC 43300, Pseudomonas aeruginosa 
ATCC 27853, UPEC strain (C7), Enterococcus fae-
calis ATCC 29212 and Candida albicans SC5314. 
Hormone concentrations

We chose different concentrations of in-
sulin (20µU/mL, 200µU/mL), estradiol (20pg/
mL, 150pg/mL, 400pg/mL) and norepinephrine 
(100pg/mL, 500pg/mL, 1700pg/mL, 7500pg/mL, 
40000pg/mL), according to their physiological lev-
els of blood and urine in a healthy human (Aun et 
al., 1975; McCartney et al., 1993; Phillips et al., 
2014; http://stedmansonline.com). 
Growth rate assays

To determine the growth rate alterations, 
microorganisms were grown in tryptic soy broth 
(TSB-control) and TSB containing different con-
centrations of hormones. Besides Sabouraud 
Dekstroz Broth (SDB) was used for detection of C. 
albicans growth rate. All strains were inoculated 
into 11 different experimental conditions to an in-
itial turbidity of 107CFU/mL. (except C. albicans: 
105CFU/mL). All microorganisms were incubated 
at 37°C. Growth rates were determined by measur-
ing the changes in absorbance at 600 nm in four-, 
six- and 24-hour periods. 
Biofilm formation assays

For detection of biofilm formations, micro-
titer plate (tissue culture 96-well plate) assay was 
used. All bacteria were suspended in TSB supple-
mented with 1% glucose to a final concentration of 
108CFU/mL with an exception of C. albicans which 
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final concentrations was prepared as 106 CFU/mL. 
Besides SDB was used for Candida assays. Eleven 
different experimental conditions were prepared ac-
cording to hormones’ concentrations with TSB sup-
plemented with 1% glucose. All bacteria were inoc-
ulated into TSB supplemented with 1% glucose + 
hormones.  Organisms were incubated at 37°C. Af-
ter washing, fixation and staining processes (crystal 
violet), biofilm formations were determined by op-
tical density measurement in a spectrophotometer 
(450nm). Unlike bacteria, overnight cultures of C. 
albicans SC5314 strain were prepared in yeast pep-
tone dextrose (YPD) medium. Cell suspension was 
prepared with RPMI 1640 medium at a concentra-
tion of 106CFU/mL. Eleven different experimental 
conditions were prepared according to hormones’ 
concentrations with RPMI 1640 supplemented with 
1% glucose. C. albicans was inoculated into RPMI 
1640 supplemented with 1% glucose + hormones.  
Organism was incubated at 37°C. After washing, 
fixation and staining processes (crystal violet), bio-
film formations were determined via optical density 
measurement in a spectrophotometer (450nm). 
Statistical analysis

Each assay was performed in duplicate, and 
the results were expressed as the mean of two inde-
pendent experiments. Statistical analysis of growth 
rate alterations was performed using a two-way 
ANOVA Bonferroni post test. The effects of hor-
mones on biofilm formation were determined via 
one-way ANOVA Tukey’s multiple-comparisons 
test. 

Results and Discussion 
Growth rate alterations 

Effects of hormones on growth rates of 
MRSA, P. aeruginosa and UPEC C7 were found to 
be statistically not significant. Growth of E. faeca-
lis was shown to be reduced in both 6 and 24-hour 
periods with the presence of all insulin concentra-
tions (p<0.05). All estradiol and norepinephrine 
concentrations were shown to reduce the growth of 
E. faecalis in 6 hours (p<0.05). Two hundred µU 
insulin was shown to reduce the growth of C. al-
bicans in 24 hours (p<0.001). 1700pg, 7500pg and 
40.000pg norepinephrine were shown to enhance at 
24th hour (p<0.001). 
Biofilm alterations

According to the results of biofilm forma-
tions, 20µU and 200µU insulin; 40.000pg norepi-
nephrine were shown to enhance biofilm formation 
of C. albicans (p<0.001) (Fig. 1). Biofilm forma-
tion of E. faecalis was shown to be enhanced with 

the presence of 20µU and 200µU insulin; 20pg, 
150pg and 400pg estradiol; 7500pg and 40.000pg 
norepinephrine (p<0.001) (Fig. 2). Two hundred 
µU insulin, 150 pg estradiol and 1700 pg norepi-
nephrine were shown to enhance biofilm formation 
of MRSA (p<0.001) (Fig. 3).

Similarly to previous studies, our results 
have proven that all three hormones tested affected 
both growth rate and biofilm formation depending 
on the type of microorganisms. While mammalian 
cells can coordinate by synthesizing hormones to 
regulate and maintain their own homeostasis, mi-
croorganisms use chemical signaling to coordinate 
their community behavior. This chemical signaling 
is known as quorum sensing (QS), which influences 
the microorganism’s defense, survival, virulence, 
and antibiotic susceptibility (Lyte et al., 2003; 
Sperandio et al., 2003; Williams, 2007; Hughes et 
al., 2008; Delcenserie et al., 2012; Sandrini et al., 
2014). QS, therefore, provides communication both 
between bacteria-bacteria and bacteria-host, which 
is defined as “inter-kingdom signaling” (Sperandio 
et al., 2003; Williams, 2007; Hughes et al., 2008). 

Some authors have reported that catechola-
mines’ effect on bacterial growth could be mediated 
by accessing sequestered iron. In relation to that, 
the same catathecol moiety found in many sidero-
phores also exists in catecholamines, NE, and E etc. 
(Coulanges, 1998; Lyte et al., 2003; Sandrini et al., 
2014). Mammalian/bacterial insulin can play a role 
as a QS compound (homoserine lactones, autoin-
ducer-2, autoinducer-3, and indole etc.) in a sim-
ilar manner (LeRoith et al., 1981; Bassler, 1999; 
Sperandio et al., 2003). In addition to this mech-
anism, the adherence of E. coli K12 was shown to 
be enhanced by the effect of insulin in the presence 
of glucose (Plotkin et al., 2000). In the case of sex-
ual hormones, steroid hormones could also serve as 
substitutes for vitamin K, and some bacteria (such 
as Prevotella intermedius) uptake progesterone and 
estradiol, which increase their growth rate in the 
absence of vitamin K (Kornman et al., 1982).

It is worthy to note that bacterial behavior 
in vivo can be different from that in vitro. Host’s 
environmental conditions are different and more 
complex from in vitro conditions and change dur-
ing infectious processes. At the present time, it is 
commonly known that hormones are one of the 
host’s factors which affect the environmental con-
ditions of a pathogen. Taken together, “microbial 
endocrinology” provides insights for understanding 
the power of hormones that determine microorgan-
ism-host interaction.
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Fig. 3. Effects of different concentrations of 
hormones on MRSA biofilm formation

Fig. 1. Effects of different concentrations 
of hormones on C. albicans biofilm

Fig. 2. Effects of different concentrations of 
hormones on E. faecalis biofilm formation
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Abstract
In the present study we aimed to investigate antibiotic resistance rates in colistin resistant bacteria; 

and also to compare two methods (Etest and VITEK 2) for detection of colistin resistance. A total of 56 
strains were defined as colistin resistant according to VITEK2. Among the 56 colistin resistant strains, only 
40 (71.4%) of them were defined as resistant according to Etest method. 34 (85%) out of these 40 strains 
were identified as K. pneumoniae. The resistance rates were detected for ciprofloxacin, meropenem and 
ceftazidime as 100%, 97.5% and 95% respectively for all colistin resistant strains. Among the 16 colistin 
susceptible strains, the resistance to ciprofloxacin, meropenem and ceftazidime were found as 100%, 87.5% 
and 81.25 respectively.
Keywords: colistin, multi drug resistance, Etest, VITEK2

Резюме
Целта на настоящото изследване е да се проучи степента на резистентност към антибиотиците в 

резистентни към колистин бактерии и да се сравнят два метода - Etest и VITEK 2 за тяхното определяне. 
Чрез VITEK2 са установени 56 щама, устойчиви на колистин. От тези 56 щама, резистентни на 
колистин по метода на Etest са определени като резистентни само 40 (71,4%). Тридесет и четири 
(85%) от тези 40 щама са идентифицирани като Klebsiella pneumoniaе. роцентът на резистентност 
към ципрофлоксацин, меропенем и цефтазидим е съответно 100%, 97,5% и 95% за всички щамо-
ве, устойчиви на колистин. От 16-те чувствителни към колистин щамове, резистентността към 
ципрофлоксацин, меропенем и цефтазидим е съответно 100%, 87,5% и 81,25%.

* Corresponding author: e-mail: defne.gumus@yeniyuzyil.edu.tr

Introduction
The emergence of multiple antibiotic resist-

ance (MAR) is a major clinical concern, which has 
become a serious problem worldwide. Because 
of the high prevalence of infections caused by 
MAR Gram-negative bacteria, colistin became the 
last-resort therapy for many infections especially 
for the treatment of carbapenem resistant Entero-
bacteriaceae and non-fermenting Gram-negative 

bacilli. However, for the past ten years, resistance 
to colistin has become a threatening issue mediat-
ed by both chromosomal mutations and also trans-
mission of plasmid (Falagas et al., 2005; Li et al., 
2006a, 2006b; Castanheira et al., 2016; Clifford et 
al., 2016; Rojas et al., 2017). Microdilution meth-
od is defined as the reference method for detection 
of colistin resistance. It is not possible to perform 
broth dilution test routinely for most laboratories; 
therefore, automized systems are frequently be-
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ing used for detection of colistin resistance. In the 
present study we aimed to investigate antibiotic 
resistance rates in colistin resistant strains, and to 
compare two different methods (gradient test and 
VITEC2) used for detection of colistin resistance.

Materials and Methods
All Gram-negative bacteria isolated from dif-

ferent clinical samples of patients who were admit-
ted to different departments of Istanbul Yeni Yuzyil 
University training Hospital Gaziosmanpasa be-
tween June 2015 and June 2017 were included in the 
present study. VITEK 2 Compact ®(BioMérieux, 
France) was used for identification and antimicro-
bial susceptibility testing. The resistance of colistin 
was compared with Etest (BioMérieux, France) ac-
cording to CLSI guidelines. A strain was defined as 
colistin resistant if it was detected by Etest.

Results and Discussion
A total of 56 strains were defined as colistin 

resistant, of which 45 (80%) were identified as K. 
pneumoniae (Table 1). Ciprofloxacin, meropenem 
and ceftazidime were found to be the most resis-
tant antibiotics (Table 1) for three different bacteria 
groups. Among the 56 colistin resistant strains, only 
16 (28.6%) were defined as susceptible according 
to the E-test method (Table 2).

Because almost all colistin resistant isolates 
are also resistant to other broad spectrum antibiot-
ics, resistance to colistin is a big concern, as it leaves 
clinicians with almost no options to manage such 
extensively resistant infections. Detection of colis-
tin resistance by VITEK2 needs to be confirmed by 
other methods such as Etest. Besides, because of 
the discordant results from E-test and VITEK2, it is 
very important to investigate the presence of resis-
tance genes with PCR. 

Bacteria

Antibiotics
Amikacin

n 
(%)

Meropenem

 n
(%)

Ceftazidime

 n
(%)

Ciprofloxacin

n 
(%)

Trimethoprim /
Sulphametoxasole

n 
(%)

Tigecycline

n 
(%)

R I R I R I R I R I R I

K. pneumoniae 
(n=45)

10 
(22.2)

28 (62.2) 42 
(93.3)

3 (6.6) 43 (95.5) 2 (4.4) 45
(100)

0 35
(77.7)

0 7 (15.5) 11 (24.4)

A. baumannii 
(n=6)

6
(100)

0 6
(100)

0 6
(100)

0 6
(100)

0 4
(66.6)

0 1 (16.6) 4
(66.6)

P. aeroginosa 
(n=5)

5
(100)

0 5
(100)

0 2
(40)

2
(40)

5
(100)

0 * * * *

Total  
(n=56)

21
(37.5)

28
(50)

53
(94.6)

3
(5.4)

51
(91)

4
(7.1)

56
(100)

0 39
(69.6)

0 8
(14.3)

15
(26.8)

Bacteria VITEK 2 Gradient test (Etest) Consistency of resistance
%2-<4 4-8 ≥16 ≤1 1-<4 4-8 >8-16 ≥16

K. pneumoniae 0 6 39 2 10 26 4 3 75.5
A. baumannii 0 2 4 0 3 2 1 0 83.3
P. aeruginosa 0 0 5 1 2 1 1 20

Table 2. Comparison of E-test and VITEK2 results for colistin resistance

Table 1. Antibiotic resistance ratios of colistin resistant Gram-negative bacteria

* These antibiotics were not been tested for P. aeruginosa.
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Abstract
The aim of the study was to investigate the status of intestinal colonization with CRE in patients ad-

mitted to Istanbul Medipol University Hospital. CRE prevalence was found in 4.1% of specimens collected 
between January 2013 and August 2017.  The results indicate that there was a peak in 2016 with  an isola-
tion rate of 6.9% that is thought to be associated with the increasing amount of foreign patients admitted to 
our hospital. 
Keywords: Enterobactericeae, carbapenem resistance, intestinal colonization

Резюме
Целта на изследването е да се установи статусът на колонизация на червата с карбапенем-

резистентни бактерии от род Enterobacteriaceae (CRE) при пациенти, приети в университетската 
болница "Медикол" в Истанбул. Значително присъствие на CRE е установено при 4.1% от пробите, 
събрани между януари 2013 г. и август 2017 г. Резултатите показват, че през 2016 г. се проявява пик 
със степен на изолация 6.9%, която вероятно е свързана с нарастващото количество чуждестранни 
пациенти в болницата.

* Corresponding author: Özlem Güven, Istanbul Medipol University, 
Department of Medical Microbiology, Turkey

Introduction
Turkey is the country where people take the 

highest levels of antibiotics in Europe according 
the data from the European Centre for Disease 
Prevention and OECD Health Statistics (OECD, 
2016). The misuse/overuse of antibiotics is a major 
global concern in terms of being main drivers of re-
sistance. Carbapenems are potential treatment op-
tions for infections caused by otherwise drug-resis-
tant organisms. Carbapenem resistance thus leaves 
patients with very few treatment options (Doi et 
al., 2015). The incidence of carbapenem-resistant 
Enterobacteriaceae (CRE) infections has been in-
creasing throughout the world. Intestinal coloniza-
tion with CRE has been an increasing concern in 
healthcare settings (Albiger et al., 2015).

Materials and Methods
A retrospective surveillance study was con-

ducted at Istanbul Medipol University Hospital be-

tween January 2013 and August 2017. Data from a 
total of 9139 rectal swab specimen were evaluated. 
All specimens were inoculated using ChromAgar 
Orientation Media (BDTM CHROMagarTM Orien-
tation Medium, Beckton Dickenson,USA). After 
24 hours, suspicious colonies were identified by 
conventional methods. Antimicrobial susceptibi-
lity testing was performed on all Enterobacterice-
ae strains with Kirby-Bauer disc diffusion method. 
Evaluation was based on CLSI (M100 S-24, M100 
S-26) criteria. Carbapenem intermediate and resis-
tant strains were retested using the VITEK 2 sys-
tem (bioMérieux, France). Evaluation was based on 
CLSI (M100 S-24, M100 S-26) criteria.

Results and Discussion
CRE was isolated from 377 (4.1%) of 9139 

specimens. The prevalence of CRE was 2.7% 
(38/1408) in 2013 and reached the highest level in 
2016 with 6.9% (143/2064). The trends in CRE iso-
lation over the years are given in Fig. 1.
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Conclusions
Screening of rectal swab specimens for CRE 

carriage is appropriate to detect endemic situations 
besides playing an important role to take preven-
tion strategies against dissemination of resistant 
bacteria. We found the main reason for the peak in 
CRE prevalence in 2016 and 2017 to be an increas-
ing amount of foreign patients receiving care at our 
hospital. Most of these patients originated from the 
Middle Eastern countries and had war injuries. The 
increasing amount of CRE in Turkish patients in 
the same period is thought to be due to incorpora-
tion and spread of resistant strains in the Turkish 
population. Implementation of CRE surveillance 
programs on hospital inpatients and restrictive anti-
biotic use remains the most important tools for lim-
iting CRE increase. 

Fig. 1. CRE prevalence
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Abstract
The aim of the study was to investigate the status of intestinal colonization with VRE in patients ad-

mitted to Istanbul Medipol University Hospital in a 5-year period. VRE colonization was determined to be 
3.19% in screened rectal swab specimens. The results indicate that there was an increase in 2016, since then 
VRE isolation rate has been in a decreasing trend.
Keywords: Enterococci, vancomycin-resistant enterococcal infections, VRE 

Резюме
Целта на изследването е да се проучи състоянието на чревната колонизация с ентерококи, рез-

истентни на ванкомицин (VRE) при пациенти, приети в университетската болница "Медипол" в 
продължение на 5 години. Установено е, че количеството на VRE при скрининг на проби от ректален 
тампон е 3,19%. Резултатите показват, че този брой през 2016 г. се увеличава, а след това степента на 
изолираните VRE показва тенденция на намаляване.

Introduction
Intestinal colonisation colonization with drug 

resistant bacteria  has been an increasing concern in 
healthcare settings. Colonised Colonized individu-
als with vancomycin-resistant enterococci (VRE) 
are at risk of infection besides playing a role in the 
dissemination of resistant bacteria in healthcare 
facilities. Therefore, screening of patients at high 
risk of colonization and infection is recommended 
to prevent and control the dissemination of VRE 
(O’Driscoll et al., 2015). There is no clear recom-
mendation for routine VRE screening of asymp-
tomatic carriers and the implementation represents 
a financial burden for healthcare facilities especial-
ly in the developing countries. However, it is a rou-
tine practice in many centers (Faron et al., 2016). 

Rapid identification of VRE is crucial in the 
management of colonized patients and   prevention 
of the dissemination of the resistant bacteria. Sur-
veillance is also important by means of monitoring 
the prevalence trends over the years and evaluation 
of the hygiene practices (Humphreys, 2014).

Material and Methods
A retrospective surveillance study was con-

ducted at Istanbul Medipol University Hospital be-
tween June 2012 and August 2017. All specimens 
were inoculated using ChromAgar VRE (BDTM 
CHROMagarTM VRE, Beckton Dickenson, USA). 
After 24 hours, pink to mauve colonies were exam-
ined. Antimicrobial susceptibility testing was per-
formed on all VRE strains with Kirby-Bauer disc 
diffusion method. Evaluation was based on CLSI 
(M100 S-24, M100 S-26) criteria. Vancomycin in-
termediate and resistant strains were retested using 
the VITEK 2 system (bioMérieux, France). Evalu-
ation was based on CLSI (M100 S-24, M100 S-26) 
criteria. 

Results
VRE was isolated from 301 (3.19%) of 9431 

rectal swab specimens. The prevalence of VRE 
was 3.92% (15/383) in 2012 and declined to 2.35 
(33/1403) in the following year. It reached the high-
est level in 2016 with 4.71% (95/2016). The trends 
in VRE isolation over the years is given 
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Conclusions
VRE colonization was determined to be 

3.19% in a 5-year period. Our hospital has a large 
group of patients with serious and complicated in-
fections requiring extended spectrum antibiotic 
therapy, among whom hematological and solid or-
gan transplant patients and a substantial group of 
foreign patients from the Middle Eastern countries 
with serious and complicated war infections. This 
could explain our increasing rates of VRE despite 
the decreasing global trends.

Fig. 1. VRE prevalence in years

References 
Faron, M. L., N. A. Ledeboer, B. W. Buchan (2016). Resis-

tance mechanisms, epidemiology, and approaches to scre-
ening for vancomycin-resistant enterococcus in the health 
care setting. J. Clin. Microbiol. 54: 2436-2447.

Humphreys, H. (2014). Controlling the spread of vancomycin 
resistant enterococci. Is active screening worthwide? J. 
Hosp. Infect. 88: 191-198.

O’Driscoll, T., C. W. Crank (2015). Vancomycin-resistant 
enterococcal infections: epidemiology, clinical manifesta-
tions, and optimal management. Infect. Drug. Resist. 8: 
217-230.



59

ACTA MICROBIOLOGICA BULGARICA Volume 34 / 1 (2018)

Short communication
Staphylococcus aureus Screening: Surveillance Data of Five Years

Ayşe I. Tosun1*, Özlem Güven1, Canan Sever2

1Department of Medical Microbiology, Istanbul Medipol University, 34214 Istanbul, Turkey
2 Department of Infectious Diseases, Istanbul Medipol University, 34214 Istanbul, Turkey

Abstract
The aim of the study is to investigate the status of nasal MRSA colonization in patients admitted to 

Istanbul Medipol University Hospital over a 5-year period. The MRSA nasal carriage prevalence was found 
to be 5.32%. The results indicate that there was an increase in 2014 and 2015 but since then there has been 
a steady decrease.
Keywords: Staphylococcus aureus, methicillin-resistant S. aureus (MRSA), surveillance data

Резюме
Целта на изследването е да се установи колонизацията на назалните метицилин-резистентни 

представители на Staphylococcus aureus (MRSA) при пациенти, приети в университетската болница 
«Медипол» в продължение на 5 години. Резултатите показват, че назалните носители на MRSA са 
5.32%. Тези данни очертаван тенденция на увеличение през 2014 и 2015 г., но след това се наблюдава 
постоянен спад.

Introduction
Methicillin-resistant Staphylococcus aureus 

(MRSA) carriage has been determined as a risk 
factor for endogenous infections. MRSA has been 
an important health issue as being a common nos-
ocomial agent world-wide. Determination of nasal 
MRSA carriage is considered as helpful for pre-
vention of resistant-bacterial dissemination and the 
management of patients with higher risk of infec-
tion (Glick et al., 2014; Stenehjem et al., 2013).

Material and Methods
A retrospective surveillance study was con-

ducted at Istanbul Medipol University Hospital 
between July 2012 and August 2017. We collected 
culture data of Staphylococcus aureus colonization 
of anterior nares in patients. The specimens were 
obtained within 24 hours of admission of patients to 
our hospital. All specimens were inoculated using 
Blood Agar (Beckton Dickenson, USA). After 24 
hours beta hemolysed suspicious colonies were 
identified with coagulase test (Staphylase Test, 
Oxoid, UK). For all Staphylococcus aureus stra-

ins were tested for oxacilline sensitivity with Kir-
by-Bauer disc diffusion method. Evaluation was 
based on CLSI (M100 S-24, M100 S-26) criteria.

Results
During the 5 years period a total of 8453 pa-

tients were screened for nasal S. aureus coloniza-
tion. Of these 18.31% (1548) were culture positive 
with S. aureus. The prevalence of MRSA coloniza-
tion was found to be 5.32% (450) among patients. 
MRSA rates in respect to different years are shown 
in Fig. 1. The isolation rates of  methicillin-resis-
tant and susceptible S. aureus strains of all culture 
positive samples during the surveillance period is 
given in Fig. 2.

Conclusions
The MRSA nasal carriage prevalence was 

found to be 5.32% in 5 years period. There was 
an increase in the rates of isolation MRSA in 2014 
and 2015 but since then there has been a steady 
decrease. The surveillance of MRSA allows imple-
mentation of appropriate infection prevention and 
control policies. * Corresponding author: ayse.istanbullutosun@medipol.com.tr
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Fig. 1. MRSA positivity rates over years
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Host factors (hormones, indole, bile salts, 
vitamins) are known to affect bacterial growth 
rates, antibiotic susceptibility and various gene 
expressions (Plotkin et al., 2000; Hirakawa et al., 
2005; Clark and Soory, 2006; Freestone et al., 
2007; Hamner et al., 2013). During inflammation, 
cytokines as one of these host factors, act as lead-
er of an orchestra to remove infection. Cytokines 
are involved in the systemic and local inflamma-
tory response in patients with UTI (Meduri, 1996; 
Feghali and Wright, 1997). Tumor necrosis factor-α 
(TNF-α), interleukin-1β (IL-1β) and interleukin-6 
(IL-6) are the most efficient pro-inflammatory cy-
tokines in patients with urinary tract infections es-
pecially during pyelonephritis (Otto et al, 1999; 
Mohkam et al., 2009; Gokce et al., 2010). In pre-
vious studies, it has been shown that the levels of 
these cytokines in blood and urine are significantly 
higher in patients with acute pyelonephritis com-
pared to patients with lower UTI (Olszyna et al., 
1998; Otto et al, 1999; Mohkam et al., 2009; Gokce 
et al., 2010). In our study, we aimed to investigate 
the effects of IL-1β, IL-6 and TNF-α on the growth 
rate of two different UPEC strains isolated from pa-
tients with cystitis and pyelonephritis.

Two UPEC strains carrying different genes 
(cnf, sfa/foc, iroN, ompT, usp and sfa/foc, iroN, 
ompT, usp) were tested to determine the alterations 
on growth rate. These strains were isolated in our 
previous study (Uzun et al., 2015).

Strains were grown in Roswell Park Memorial 
Institute Medium (RPMI) (control) and RPMI con-
taining IL-1β, IL-6 and TNF-α (10, 100, 1000 and 

10.000 pg/mL), which were determined according 
to their physiological and inflammation levels of 
blood in humans. We chose RPMI medium because 
it lacks the complex organic materials that are pres-
ent in a conventional bacteriologic growth medium, 
and has no interference with the biologic activities 
of the tested cytokines (Umberto et al., 1999)

All strains were inoculated into 13 different 
experimental conditions to an initial turbidity of 
107CFU/mL. Organisms were incubated at 37°C. 
Growth rates were determined by the measurement 
of changes in absorbance at 600 nm in 4, 6 and  
24 –hour periods.

Each assay was performed in duplicate and 
the results were expressed as the mean of three in-
dependent experiments. Growth rates were deter-
mined via optical density measurement by a spec-
trophotometer. Statistical analysis was conducted 
by two-way ANOVA and Bonferroni post analysis.

Statistical analysis showed no significant dif-
ference (p>0.05) between the growth rates in RPMI 
and RPMI with different concentration of cytokines 
(Figure).  Although some studies have reported that 
prokaryotic cells may use cytokines as growth fac-
tors, in our study no differences were detected in 
the growth of the two UPEC strains in the presence 
or absence of cytokines. Therefore, we thought that 
the alteration of growth rate in the presence of dif-
ferent host factors can be variable depending on the 
characteristics of the strain tested.

This graph shows the growth kinetics of a 
cystitis isolate with the presence of TNF-α, which 
shows that the growth rates were found to be sta-
tistically not significant. The same results were de-
tected with the presence of IL-1β, IL-6 in a cystitis 

* Corresponding author: e-mail: fatma.kalayci@yeniyuzyil.edu.tr
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strain. The growth rates of a pyelonephritis strain 
treated with three different cytokines were found to 
be the same.
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Fig. 1. Effect of different TNF- α concentrations on growth rate in cystitis isolate. 



63

ACTA MICROBIOLOGICA BULGARICA Volume 34 / 1 (2018)

Vadim Agol, 
the Remarkable Russian Virologist

Prof. Vadim Izrailevich Agol is born in Mos-
cow in 1929. He is a graduate of First Moscow 
Medical Institute. Since 1961 he has been Head of 
the Laboratory of Biochemistry of Viruses at the In-
stitute of Poliomyelitis and Viral Encephalitis at the 
Russian Academy of Medical Sciences (RAMS), 
Moscow. In 1969, he became full professor at the 
Department of Virology at Moscow M. V. Lomon-
osov State University (MSU), and since 1965 has 
headed the Department of Virus-Cell Interactions 
of the A.N. Belozersky Institute of Physico-Chem-
ical Biology at MSU. Prof. Agol was elected Cor-
responding Member of the Russian Academy of 
Medical Sciences in 1986, and in 1997 of the Rus-
sian Academy of Sciences (RAS). In 1999, he was 
awarded the Honoured Scientist of Russia title. He 
is a member of the American Microbiology Socie-
ty, the International RNA Society, member of the 
International Committee on Taxonomy of Viruses, 
a WHO expert, member of the WHO Committee on 
Poliomyelitis and Hepatitis A, and of the US Civil 
Research & Development Foundation.

Prof. Vadim Agol is a world-renowned schol-
ar, one of the world’s leading virology scientists. 
He has authored and co-authored more than 300 
scientific papers, many of which published in in-
ternational journals of great repute. He is the sole 
author of eight books and numerous review articles 
of fundamental scientific significance. Professor 
V. Agol‘s scholarly research papers are extremely 

popular among those working in the field of molec-
ular virology.

Prof. Vadim Agol works mainly on the mo-
lecular biology of small RNA-containing virus-
es - picornaviruses and flaviviruses. Among his 
most significant achievements are the mapping of 
the neurovirulence determinants of picornaviruses; 
genomic characterization of poliovirus strains by a 
novel approach based on the use of oligonucleotide 
microchips; structural and functional characteriza-
tion of the RNA elements that regulate enteroviral 
RNA synthesis, and of the regulatory elements of 
picornavirus RNAs defining protein synthesis; 
identification of the first picornavirus protease; de-
tection of disturbed nuclear cytoplasmic transport 
of macromolecules in infection with RNA-contain-
ing viruses and decoding the mechanisms of this 
phenomenon. With regard to flaviviruses: first map-
ping of the structural region in the genome of the 
tick-borne encephalitis virus via non-cellular trans-
lation.

Prof. Agol‘s research on the mechanisms of 
viral translation is particularly valuable and high-
ly appreciated, namely the development of the first 
cell-free system for efficient synthesis of picornavi-
rus proteins; discovery of the pathogenicity mech-
anism of picornaviruses related to the peculiarities 
their genome translation; detection and identifica-
tion of the cellular proteins required for the trans-
lation of RNA of certain picornaviruses that also 
control viral tropism and pathogenic properties.

Another area of research of V. I. Agol is the 
phenomenon of apoptosis, aiming to explicate the 
ability of picornaviruses to induce and prevent ap-
optosis, and to explain the relationship between the 
programmes causing the polio-infected cell to per-
ish.

Prof. Agol‘s achievements on RNA combi-
nations are significant: discovery of the phenom-
enon of complementation and genome masking in 
animal RNA-containing viruses; finding evidence 
of the recombination between viral RNA genomes 
and building a model of the molecular mechanism 
of that process; discovery of a new genetic mecha-
nism - non-replicative RNA combination in animal 
viruses, thus contributing to the clarification of the 
regularities in the variability and evolution of poli-
omyelitis viruses.
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A particularly high practical value is attrib-
uted to the decoding of certain regularities of the 
molecular epidemiology of poliomyelitis of impor-
tance for the development of an optimal strategy 
in the final stage of the World Health Organization 
polio eradication programme.

Vadim Agol’s merits gained international rec-
ognition through the book ”Molecular Aspects of 
Picornavirus Infection and Detection” published in 
the USA in 1989, dedicated to the scholar “whose 
scientific contribution remains a beacon in the 
study of picornaviruses”. He was invited to read 
the first memorial lecture named after Albert Sabin. 
A number of his publications have been specially 
commented on in such authoritative journals as Na-
ture Microbiology, Nature Science Update, etc. 

It is well known that Prof. Agol works in ex-
tensive cooperation with prominent specialists from 
the USA, Canada, the UK, France, the Netherlands, 
Switzerland, Italy, etc. on research projects initiated 
in his laboratories in Moscow. He invariably takes 
the chair at the most important scientific forums on 
virology. He has presented numerous plenary lec-
tures at international scientific events and seminars 
in many universities around the world.

For over 50 years Prof. Agol has been a lec-
turer at Moscow State University; he is the founder 
of the Laboratory of Biochemistry of Viruses at the 
Institute of Poliomyelitis and Viral Encephalitis at 
the Russian Academy of Medical Sciences of the 
Department of Virology at MSU, and one of the 
founders of the A. N. Belozersky Institute of Phys-
ical and Chemical Biology at MSU. He is the au-
thor of many textbooks and has been supervisor to a 
large number of doctoral dissertations. Vadim Agol 
has created an authoritative science school, with 
many of his students occupying prominent places 
of their own in world science.

Vadim Agol has significantly contributed to 
the development of the virological science in Bul-
garia, mainly to the specialization of Bulgarian vi-
rologists, both physicians and biologists. As a pro-
fessor of virology at the Faculty of Biology at MSU, 
he has been involved in the training of Bulgarian 
virologists and molecular biologists, mainly from 
the institutes of the Bulgarian Academy of Sciences 
(BAS). A number of prominent Bulgarian virolo-
gists have specialized under his leadership. Vadim 
Agol has played an important role in their profes-
sional growth in science in various areas of virolo-
gy. Some of them introduced the experimental and 
methodical experience of Agol‘s laboratories in the 
two antivirus laboratories established in Bulgaria. 
This has contributed to the high standard of research 
work in these units over many years of prestigious 

developments that have established them as lead-
ing international organizations. These units and the 
laboratories of Prof. Agol keep their collaboration 
constant by joint publications, exchange of visiting 
specialists. A number of other scientists, virologists 
and molecular biologists working at BAS, the Na-
tional Centre of Infectious and Parasitic Diseases 
and foreign institutes (Germany and USA) have 
also specialized under V. Agol. Quite a few distin-
guished Bulgarian virologists/biochemists regard 
V. I. Agol as their teacher in their scientific work.

Prof. Vadim Agol is one of the Russian scien-
tists having exceptional merits in the promotion of 
molecular biology and genetics in modern biologi-
cal science in the countries of Eastern, Central and 
South-Eastern Europe, including Bulgaria.

His name became known among Bulgarian 
specialists in the field of fundamental biology not 
only through his numerous scientific works in lead-
ing international journals of virology and molecu-
lar biology, through the treatises and textbooks he 
and his students published in the Russian language, 
but also through his co-authorship of the treatise 
“Fundamentals of Molecular Pathology”, edited 
by Academician Asen Hadzhiolov and Professor 
Todor K. Nikolov (1975).

At a ceremony held on February 12, 2009, 
at the Grand Hall of the Bulgarian Academy of 
Sciences Prof. Agol was conferred the honorary 
title of “Foreign Member of the Bulgarian Acad-
emy of Sciences”, and lectured on “Conservatism 
and Variability of RNA Virus Genomes”, richly 
illustrated with the latest research data obtained 
by the teams he leads at MSU, the Institute of 
Poliomyelitis and Viral Encephalitis, and lab-
oratories in the USA and Canada. On February 
13, 2009, Prof. Agol visited the Stephan Ange-
loff Institute of Microbiology at BAS and deliv-
ered a lecture at the National Seminar on General 
Virology entitled “How and Why Viruses Cause 
Illnesses: Some Common Regularities of a Case 
Study”. In it, he presented an original concep-
tion, which aroused wide discussion, suggesting 
that the course and severity of viral infections are 
largely determined by the protective response of 
the body. Prof. Agol’s lectures attracted great in-
terest among Bulgarian virologists, molecular bi-
ologists, microbiologists, infectionists. There was 
also a strong presence of undergraduate students 
in the crowded halls.

This visit has opened up prospects for joint 
research by Bulgarian and Russian scientists.

Ademician Angel S. Galabov, MD, DSc
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