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Abstract 
Among all pathogenic bacteria, gram-negative bacteria including members of the genera Providen-

cia, Serratia, Pseudomonas, Escherichia, and Klebsiella have been identified to exhibit an incredible evo-
lutionary adaptation to acquire resistance to antibiotics. This is due to their characteristic structure and 
the ease of evolution of their genome, which is expressed phenotypically. Antibiotic resistance by these 
bacteria contributes greatly to the global public health crises since infections caused by these pathogens 
have high morbidity and mortality rates across the globe. Before now, β-lactam antibiotics were known to 
be very effective antimicrobial agents against these virulent pathogenic gram-negative microorganisms. 
However, as these microorganisms evolve, they have also developed various survival mechanisms; target 
bypass/replacement, target site protection, antibiotic efflux pump among others, which have all mediated 
their resistance to this group of antibiotics. The proper understanding of these mechanisms is critical to the 
development of new antibiotics, alternative antimicrobial agents, natural derivatives as well as the mod-
ification of already existing antibiotics to effectively curb the scourge of antimicrobial resistance among 
gram-negative bacteria.
Keywords: antibiotic resistance, antimicrobial agents, β-Lactam, gram-negative bacteria, penicillin-bind-
ing proteins
Резюме

Доказано е, че от всички патогенни микроорганизми, грам-отрицателните бактерии, 
включително членовете на родовете Providencia, Serratia, Pseudomonas, Escherichia и Klebsiella, са 
тези, които в еволюцията си проявяват забележителна адаптация за придобиване на резистентност 
към антибиотици. Това се дължи на тяхната характерна структура и еволюция на геном им, който се 
експресира фенотипно. Резистентността към антибиотици сред тези бактерии допринасят значително 
за глобалните кризи в общественото здраве, тъй като причинените от тях инфекции предизвикват 
висока заболеваемост и смъртност по целия свят. Доскоро беше известно, че β-лактамните 
антибиотици са много ефективни антимикробни средства срещу посочените вирулентни патогенни 
грам-отрицателни микроорганизми. Едновременно с това, те еволюират в посока развитието на 
различни механизми за оцеляване: целеви байпас/замяна или защита на целевото място, ефлуксна 
помпа и други, които медиират резистентност към тази група антибиотици. Правилното разбиране 
на тези механизми е от решаващо значение за разработването на нови антибиотици, алтернативни 
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Introduction
Antibiotics are chemical substances pro-

duced by microorganisms, which can inhibit the 
growth of bacteria and other microorganisms or kill 
the microorganisms completely (Bud, 2007). These 
substances are produced either by natural fermen-
tation method, synthetic method, or semi- synthetic 
method. Since the accidental discovery of a natu-
ral antibiotic by Alexander Fleming in 1928, there 
have been various studies and discoveries on anti-
biotics, their types, mode of action, and sensitivity. 
This includes Beta-lactam antibiotics (β-lactam), 
which have a β-lactam ring in their molecular 
structure and are one of the most prescribed antibi-
otics for use because of their broad spectrum nature 
and minimal side effects (Rothstein et al., 2005). 
The industrial synthesis of β-lactam antibiotics by 
fermentation method has been one of the greatest 
advancements of biotechnology. β-Lactam antibi-
otics, especially penicillin’s and cephalosporin’s, 
are one of the world’s main biotechnology prod-
ucts which constitute about 65% of the total world 
market of antibiotics (Elander, 2003). Due to the 
fast rate at which bacteria are evolving, β-lactam 
antibiotic resistance has become a global issue of 
concern. It has shown a possibility in mitigating 
and stalling progress on research made on antibi-
otics. It has also caused a great increase in the cost 
of accessing medical health care, a spike in mor-
tality rate (WHO, 2014), an increase in morbidity 
rate, an increase in infection and contamination 
rates, and even death. The World Health Organi-
zation declared antibiotic resistance as one of the 
top three threats to public health in the 21st century 
(WHO, 2014). Antibiotic resistance occurs as a re-
sult of overuse and incomplete use of antibiotics as 
specified for use. Also, when antibiotics are used 
in a lower dosage required to kill bacteria, they 
easily mutate and become resistant to the bacterial 
treatment (Richardson, 2017). With β-lactam anti-
biotics, there are different mechanisms that can be 
responsible for bacteria being resistant to β-lactam 
compounds, such as the production of enzymes 
used for degradation, alteration of the drug target 
site, decrease in the permeability of the membrane 
and drug efflux pump (Nkaido, 1994; Spratt, 1994). 
However, the production of different β-lactamases 
has been reported as the major cause of rising resist-
ance in gram-negative bacilli (Temkin et al., 2014).

Overview of antibiotics and classes
An antibiotic is an antimicrobial substance that 

is active against bacteria. It is the most important type 
of antibacterial agent used in the treatment and pre-
vention of bacterial infections (ECDC, 2014). Anti-
biotics can completely kill bacteria or inhibit their 
growth by disrupting important biochemical pro-
cesses necessary for their continued growth and/or 
survival. The term antibiotic is broadly used to refer 
to any substance used against microbes, but in med-
ical usage, antibiotics (such as penicillin) are those 
produced naturally, whereas non-antibiotic antibac-
terial substances are fully synthetic. However, both 
classes have the same goal of killing or preventing 
the growth of microorganisms and both are included 
in antimicrobial chemotherapy.

The discovery of antibiotics during wartime 
changed how patients recovered from wounds and 
sped up recuperation because bacteria and microbes, 
in general, were easily eliminated. However, be-
cause of the popularity that antibiotics gained over 
the years, their strength is now gradually becoming 
its weakness. The effectiveness and easy access to 
antibiotics have also led to their overuse (Laxmi-
narayan et al., 2013) and certain bacteria have now 
evolved resistance to them (Gould, 2016). A lot of 
people heavily rely on the use of antibiotics because 
they believe that every ailment can be cured by pop-
ping them with or without prescription.

Antibiotics are usually classified based on their 
mechanism of action, chemical structure, or spec-
trum of activity. Antibiotics can either directly elim-
inate bacteria or target specific functions necessary 
for their reproduction. Most of them target bacterial 
functions or growth processes. For example, antibi-
otics that target the bacterial cell wall, cell membrane 
or interfere with essential bacterial enzymes have 
bactericidal activities, that is, they specifically kill 
bacteria while antibiotics that inhibit protein synthe-
sis are bacteriostatic, that is, they inhibit the growth 
of bacteria. Further categorization is based on their 
target specificity. Narrow-spectrum antibiotics target 
specific types of bacteria, such as gram-negative or 
gram-positive, whereas broad-spectrum antibiotics 
affect a wide range of bacteria (Cunha, 2009).
Major classes of antibiotics
Sulfonamides

Sulfonamides are the first synthetic bacterial 
agents that provide a broad spectrum of biological 

антимикробни средства, естествени производни, както и модификация на вече съществуващи 
антибиотици с цел ефективно ограничаване на антимикробната резистентност сред грам-
отрицателните бактерии.
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activities including carbonic anhydrase inhibition, in-
sulin release induction, and anti-inflammation (Carta 
et al., 2012). Usually, sulfonamides function via in-
terference with the folate pathway in bacteria. This 
interruption consequently suppresses the growth and 
reproduction of bacteria (Nasr et al., 2014).

Despite their early prominence, there is lim-
ited use of sulfonamides in clinical medicine. This 
may be attributed to the high and rapid resistance 
against this class of antibiotics. More so, sulfona-
mides exert severe toxicity and allergic adverse re-
actions that are very common amongst their users 
(Skold, 2000). Examples of sulfonamides include 
sulfathiazole, sulfadiazine, sulfisoxazole, etc. (Nasr 
et al., 2014).
Rifamycins

Rifamycins are antibiotics in the ansamy-
cin family (Rinehart and Shields, 1976), so named 
because of its basket-like molecular architecture 
which consists of an aromatic moiety bridged at 
nonadjacent positions by an aliphatic chain (Prelog 
and Oppolzer, 1973). Sensi and colleagues at Lep-
etit SA in Milan originally isolated rifamycins in 
1959 as a complicated combination of many conge-
ners (Sensi et al., 1959).

The most prominent example of rifamycins 
is the rifampicin and this functions by inhibiting 
DNA-dependent RNA synthesis. Rifampicin is 
most notable in its use in the treatment of tubercu-
losis (Calvori et al., 1965).
Penicillin 

According to Kardos and Demain (2011), 
Penicillins are a group of antibiotics originally ob-
tained from Penicillium moulds, principally Peni-
cillum chrysogenum and P. rubens. This group of 
antibiotics is now commonly used widely in med-
icine. Penicillins were among the first antibiotics 
effective against many bacterial infections caused 
by staphylococci and streptococci and they are still 
widely used today for different bacterial infections, 
though many types of bacteria have developed re-
sistance following extensive use (Kardos and De-
main, 2011). There are three major types of Peni-
cillin and these are the naturally synthesized ones 
produced by the fungus, the chemically synthesized 
ones produced by a combination of chemical pro-
cesses in the lab, and the semi-synthetic Penicillin 
that is obtained by using a genetically modified 
strain of penicillin fungus.

Natural penicillin: Penicillin G (benzylpeni-
cillin) was first produced from a Penicillium fungus 
that occurs in nature. The strain of fungus used to-

day for the manufacture of penicillin G was creat-
ed by genetic engineering to improve the yield in 
the manufacturing process. Semi-synthetic peni-
cillin: Penicillin V (phenoxy-methylpenicillin) is 
produced by adding the precursor phenoxyacetic 
acid to the medium in which a genetically modified 
strain of the penicillium fungus is being cultured 
(Kardos and Demain, 2011).

Antibiotics created from 6-APA: There are 
three major groups of other semi-synthetic antibi-
otics related to penicillins. They are synthesised by 
adding various side-chains to the precursor 6-APA, 
which is isolated from penicillin G. These are the 
antistaphylococcal antibiotics, broad-spectrum an-
tibiotics, and antipseudomonal antibiotics (Patrick, 
2017).
Polypepetides 

A polypeptide is a long, continuous, un-
branched peptide chain. Therefore, peptides fall 
under the broad chemical classes of biological pol-
ymers and oligomers, alongside nucleic acids, ol-
igosaccharides, polysaccharides, and others (Sala-
din, 2011). There are large and diverse groups of 
polypetides and most of them have been classified 
or categorized according to their sources and func-
tions. According to the Handbook of Biologically 
Active Peptides, some groups of peptides include 
plant peptides, bacterial/antibiotic peptides, fun-
gal peptides, invertebrate peptides, amphibian/
skin peptides, venom peptides, cancer/anticancer 
peptides, vaccine peptides, immune/inflammatory 
peptides, brain peptides, endocrine peptides, inges-
tive peptides, gastrointestinal peptides, cardiovas-
cular peptides, renal peptides, respiratory peptides, 
opiate peptides, neurotrophic peptides, and blood–
brain peptides (Abba and Kastin, 2013).

Some ribosomal peptides are subject to pro-
teolysis. These function, typically in higher organ-
isms, as hormones and signaling molecules. Some 
organisms produce peptides as antibiotics, such as 
microcins and bacteriocins (Duquesne, 2007).

Non-ribosomal peptides are assembled by en-
zymes, not the ribosome. A common non-ribosomal 
peptide is glutathione, a component of the antiox-
idant defenses of most aerobic organisms (Meister 
and Anderson, 1983). Other non-ribosomal pep-
tides are most common in unicellular organisms, 
plants, and fungi and are synthesized by modular 
enzyme complexes called non-ribosomal peptide 
synthetases (Hahn and Stachelhaus, 2004).
Streptogramins

Streptogramins are grouped into A strepto-
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gramins (polyunsaturated macrolactones — dalfo-
pristin) and B streptogramins (cyclic hexadepsipep-
tides — quinupristin). Separately, these groups are 
moderately bacteriostatic by binding to the bacte-
rial 50S ribosomal subunit hence blocking transla-
tion. Together, they are more effective resulting in a 
bactericidal activity (Yvonne and Wolfgang, 2014). 
Group A Streptogramins are synthesized by Strep-
tomyces virginiae, while Group B streptogramins 
are produced by various members of the Strepto-
myces genus. These species of Streptomyces have 
a restricted spectrum of activity against gram-pos-
itive bacteria (Johnson et al., 2002). However, a 
synercid — a parenteral formulation of dalfopristin 
and quinupristin, is appropriate for the treatment 
of penicillin-susceptible and penicillin-resistant 
Staphylococcus pneumoniae, coagulase-negative 
staphylococci, MRA and vancomycin-resistant En-
terococcus faecium (Gumustas et al., 2017). Gen-
erally, streptogramins are derivatives of the natu-
rally occurring pristinamycin. Other examples are 
pristinamycin, and virginiamycin (Gumustas et al., 
2017). Streptogramins are used in human therapy 
as last-resort antibiotics. Resistance against strep-
togramins can be through target modification, drug 
inactivation or drug efflux. In addition, due to the 
different chemical structure of the A and B groups, 
resistance can be different (Yvonne and Wolfgang, 
2014). 
Tetracyclines

Tetracyclines belong to a family of antibiotics 
that inhibit protein synthesis by preventing aminoa-
cyl-tRNA from attaching to the ribosomal acceptor 
A site (Chopra and Roberts, 2001). These antibiotics 
are active against a wide range of gram-positive and 
gram-negative bacteria in addition to other group of 
organisms, such as rickettsiae, mycoplasmas, and 
chlamydiae, and other parasites. Tetracylines have 
been used extensively in human and animal therapy 
due to their favorable antimicrobial properties and 
absence of adverse side effects (Chopra and Rob-
erts, 2001). 

Tetraclines were discovered as natural prod-
ucts in the form of chlortetracycline and oxytetracy-
cline, produced by S. aureofaciens and S. rimosus. 
The basic chemical structure of tetracycline and its 
analogues consists of tetracyclic napthacene car-
boximade ring system (Nelson and Ismail, 2007). 
Tetracyclines are classified into first generation if 
they are generated biosynthetically, second gener-
ation if they are derived from semi-synthesis, and 
third generation if they are obtained via total artifi-
cial method, synthesis (Fucoco, 2012). 

Mode of action of Beta-lactams against gram-
negative bacteria

The beta-lactams nucleus is the basic build-
ing block of an exceptionally large class of anti-
biotics all of which share a common mode of ac-
tion but have quite distinct properties in terms of 
spectrum, pharmacokinetics, and activity against 
resistant strains. All antibiotics in this class have a 
cyclic amide, which is known as beta-lactam, how-
ever various classes have been described based on 
the nature of the cycle of the heteroatom included 
in the cycle (Bush et. al., 1995).

Beta-lactam acts primarily as an inhibitor of 
the synthesis of the cell wall by blocking the action 
of the transferases or transpeptidase, which are in-
volved in the assembly of the bacterial cell wall. 
It is also known that all beta-lactam antibiotics are 
bactericidal and they share a common core contain-
ing a four-member Beta-lactam ring (Heesemann, 
1993).

This ring, however, displays a remarkable 
structure that mimics the backbone of the D-Ala-
nyl-D-alanine, which is the substrate of penicil-
lin-binding proteins (Andre et al., 2008). The anti-
bacterial properties of all these molecules are most-
ly responsible for by this moiety. However, because 
of their ability to block the bacteria cell wall syn-
thesis, that is as a result of their covalent binding 
to penicillin-binding proteins, that are usually the 
vital enzymes that are involved in the terminal steps 
of the synthesis of peptidoglycan (Zeng and Lin, 
2013).

As it is known that a vital constituent of the 
bacterial cell wall is Peptidoglycan or Murein and 
it provides mechanical stability for the bacteria, it 
is equally recognized to be an extremely preserved 
constituent of both gram-negative and gram-pos-
itive bacteria envelopes (Pandey and Cascella, 
2021). These Beta-lactam antibiotics inhibit the 
last steps in the peptidoglycan synthesis by acyla-
tion of the transpeptidase enzyme, which is usually 
involved in the cross-linking of peptides to form 
Peptidoglycans and the final transpeptidation step 
in the synthesis of peptidoglycans is facilitated by 
DD-transpeptidase, which is also referred to as pen-
icillin-binding protein (Pandey and Cascella, 2021).

However, the target for the action of Be-
ta-lactam antibiotics are the penicillin-binding pro-
teins, these penicillin-binding proteins varying in 
their affinity for penicillin and other Beta-lactam 
antibiotics. While the binding process, on the other 
hand, interrupts the terminal transpeptidation pro-
cess and induces the loss of viability and lyses and 
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also through an autolytic process within the bacteri-
al cell (Spratt, 1983; Zeng and Lin, 2013).

The transpeptidases are usually located in the 
periplasmic space, which is directly accessible in 
gram-positive bacteria, but in gram-negative bac-
teria, the Beta lactam antibiotics will have to cross 
the outer membrane of the bacteria through the 
membrane by passive diffusion or through the por-
in channels (Zeng and Lin, 2013).

Under normal circumstances, the peptidogly-
can precursors signal the reorganization of the bac-
teria cell wall and as a result, trigger the activation 
of autolytic cell wall hydrolases, whereas the inhi-
bition of the cross-linking by Beta-lactam antibiot-
ics causes the build-up of peptidoglycan precursor, 
which then triggers the digestion of existing pepti-
doglycan by autolytic hydrolases without the pro-
duction of new peptidoglycan (Heesemann, 1993; 
DeRosa et al., 2021). As a result of this, the bacte-
ricidal action of Beta-Lactam antibiotics is further 
enhanced.
Survival mechanisms of gram-negative bacteria 
against β-lactams 

Many bacteria, especially gram-negative bac-
teria, adopt a number of mechanisms to avert the 
lethal effect of antibiotics. Some of these survival 
strategies/mechanisms are summarized in Table 1 
below.
Antibiotic modification

Bacteria have different strategies for sur-
viving the effects of antibiotics. One such strate-
gy common in gram-negative and gram-positive 
bacteria is the production of enzymes which adds 
certain chemicals to the antibiotic molecules and 
inactivates the drug, making the antibiotic unable 
to interact with the target (Wilson, 2014). This is a 
common strategy used by microorganisms to make 
antibiotics ineffective, especially in aminoglyco-
side antibiotics (kanamycin, gentamycin, and strep-
tomycin), chloramphenicol, and β-lactams (Pe-
terson and Kaur, 2018). Some of these biological 
reactions and the enzymes involved are phospho-
rylation (chloramphenicol and aminoglycosides), 
acetylation (chloramphenicol, aminoglycosides 
and streptogramins) and adenylation (aminoglyco-
sides and lincosamides). The effect of any of these 
reactions is a reduction in the effect of the antibiotic 
on the target (Munita and Arias, 2016). An example 
of resistance by antibiotic modification is the cova-
lent modification of the hydroxyl or amino groups 
of the aminoglycoside molecule by the presence 
of aminoglycoside modifying enzymes (AMEs). 

Many AME have been identified and are known to 
be the major mechanism of aminoglycoside resist-
ance. These enzymes are found in mobile genetic 
elements (MGEs) (Ramirez and Tolmasky, 2010). 
However, genes which code for AMEs have been 
found to be part of the chromosomal makeup of 
some gram-negative bacteria, such as Providencia 
stuartii and Serratia marcescens (Ramirez and Tol-
masky, 2010).
Antibiotic efflux pumps

Another notable mechanism of antibiotic re-
sistance in bacteria which is mostly regarded as the 
first line of defense to antibiotics is through a drug 
efflux pump, which is responsible for pumping out 
antibiotics from within the cell to the cell’s envi-
ronment. These efflux pumps that help bacteria to 
lower the concentration of antibiotics in their cells 
to a sub-lethal concentration are proteins, which 
are specially adapted to carry out this function. 
One notable and outstanding characteristics of ef-
flux pumps in bacterial cells is the fact that they 
can pump out a wide range of compounds that are 
structurally different from each other (Poole, 2004; 
2005; Piddock, 2006b; Nikaido and Pages, 2012; 
Blanco et al., 2016). By implication, these promis-
cuous proteins help to confer multidrug resistance 
to bacterial cells (Hernando-Amado et al., 2016, 
Piddock, 2006a). When there is an exposure of a 
bacterium to an antibiotic, there is usually rapid in-
crease in the production of genes responsible for 
the expression of efflux pumps, and this usually 
leads to nonlethal concentration of antibiotics with-
in the cell. With this, the cell can survive until a 
specific mechanism of resistance to the antibiotics 
has been acquired. For this reason, it is therefore 
very important to consider an active efflux pump 
when selecting mutants with novel-drug resistance 
(Lomovskaya and Bostian, 2006; Ricci et al., 2006; 
Zhang et al., 2011; Piddock, 2014).

Typically, in gram-negative bacteria of clini-
cal importance, a sizeable level of antibiotic resist-
ance is usually acquired through the efflux pumps 
within the family of the resistance-nodulation di-
vision (RND) (Poole, 2004; Kumar and Schweiz-
er 2005; Blair et al., 2014). This tripartite protein 
complex is usually composed of the OM, the IM, 
as well as the periplasm for the effective extru-
sion of antibiotics out of the double membrane, 
which characterizes gram-negative bacteria (Du 
et al., 2014). When it comes to the tripartite drug 
efflux pump complexes, the AcrA–AcrB–TolC in 
Escherichia coli and MexA–MexB–OprM in P. 
aeruginosa are the most studied. In the two drug 
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efflux complexes above, AcrB/MexB encodes for 
the IM proteins that expel drugs from the periplasm 
or the cytoplasm of bacterial using proton motive 
force (Ohene-Agyei et al., 2012) while TolC/OprM 
encodes for the OM proteins that are responsible 
for allowing drugs to move through the cell to the 
environment. Finally, AcrA/MexA encodes for the 
membrane fusion proteins, which are sometimes 
called the periplasmic adaptor proteins, and are 
concerned with the linking of both the internal and 
external membrane proteins together (Welch et al., 
2010; Du et al., 2013; 2014).
Target overproduction

Another important way in which gram-neg-
ative bacteria resist antibiotics is through an over-
whelming production of the target cellular com-
ponent so that the amount of the target component 
becomes too much for the antibiotics to destroy. 
For instance, there is a report of Trimethoprim 
resistance in E. coli through the overproduction 
of the enzyme dihydrofolate Reductase (DHFR)  

(Eliopoulos and Huovinen, 2001).
Antibiotic destruction

The mechanisms of β-lactam antibiotic resist-
ance depend mainly on the successful destruction 
of the antibiotic molecule by the action of β-lacta-
mases. This is achieved when the enzymes destroy 
the amide bond present in the β-lactam ring, which 
eventually makes the antibiotic ineffective. There is 
evidence that β-lactamases have been in existence 
for millions of years and have been described a year 
prior to the introduction of penicillin in the pharma-
ceutical market (D’Costa et al., 2011). Following 
the availability of penicillin, the mechanism of re-
sistance in penicillin resistant S. aureus was discov-
ered to be plasmid-encoded penicillinase, which 
was transmitted between different strains of S. au-
reus. This however led to the spread of the resist-
ant trait among different strains of S. aureus (Bush, 
2013). To address the concern of this growing re-
sistance, new β-lactam compounds with a broader 
spectrum and less susceptible to penicillinases was 

Table 1. Different antibiotic resistance mechanisms of bacteria to various antibiotics
Antibiotics 
Resistance 

Mechanism

Typical example Antibiotic class affected Some bacteria using this  
mechanism

Target  
replacement  
or bypass

Acquisition of a new penicil-
lin-binding protein (PBP)
Penicillin-binding protein 
(PBP) replacement
Acquisition of a new dihydrop-
teroate synthase
he use of exogenous folinic 
acid

 β-Lactams
 
β-Lactams
Sulfonamides

Trimethoprim
Sulfonamides

S. pneumoniae
 
S. aureus
 Gran-negative bacteria
 
Enterococci

Antibiotic  
destruction

Carbapenenmases
 
 
 

Extended-Spectrum β-Lact-
amases
 
β-Lactamases
Penicillinases

Carbapenems as well as 
virtually all hydrolysable 
β-Lactams
 
 
 
 Penicillins, first, second, 
third generation cephalo-
sporins, and aztreonam
 
Penicillins, narrow spec-
trum cephalosporins

P. aeruginosa
Acinetobacter spp
Enterobacteriaceae
Stenotrophomonas maltophilia
P. aeruginosa
Enterobacteriaceae
 
S. aureus
Haemophilus influenza
Enterobacteriaceae
Neisseria gonorrhea

Modification of 
antibiotics-acti-
vating enzymes

Mutations in the nitroreduc-
tase genes ; nfsA and nfsB

Nitrofurantoin Enterobacteriacea

Antibiotic 
modification

Aminoglycosidic modifying 
enzymes (AME)
Chloramphenicol acetyltrans-
ferases (CATs)

 Aminoglycosides
 
Chloramphenicol

A wide range of bacteria
 
A wide range of bacteria 
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produced. In 1960, a new plasmid-encoded β-lacta-
mase which had the ability to hydrolyze penicilli-
nase (ampicillin) was found in some gram-negative 
microorganisms. This led to the development of 
more β-lactams alongside enzymes with the ability 
to destroy manufactured antibiotic molecules.
Target replacement or target bypass

In order to combat the effects of antibiotics, 
gram-negative bacteria produce a protein often 
called penicillin-binding protein (PBP). Howev-
er, over the years, novel antibiotics, such as the 
LYS228, a monobactam, which functions through 
the inhibition of the penicillin-binding protein 
(PBP) have been developed (Dean et al., 2020). 
As a result of these new developments, gram-neg-
ative bacteria have devised means to tackle their 
new “opponents” by replacing or bypassing these 
proteins that have become targets for the recently 
developed β-lactams.

This resistance mechanism has been report-
ed in the past few years to have been utilized by 
gram-positive bacteria, such as S. pneumoniae and 
S. aureus against β-lactam antibiotics. In order to 
show this resistance to β-lactams, they produce 
mosaic PBP genes via the recombination of indige-
nous DNA and foreign DNA originating from other 
β-lactam-resistant bacteria such as S. pneumoniae. 
This new gene encodes another form of proteins 
such as penicillin-binding-protein 2a (PBP2a), 
which is a unique PBP with quite a low affinity for 
all β-lactams. Due to this action, regardless of the 
presence of β-lactams, there is continued synthesis 
of bacterial cell wall (Hiramatsu et al., 2013).
Global cell adaptation (changes in cell regulation)

Changes in cell regulation, which is common-
ly referred to as global adaptive response, is anoth-
er mechanism through which bacterial cells express 
resistance to antibiotics, and this is often quite dif-
ferent from just a single change in the cell regu-
latory mechanism of bacterial cells. For instance, 
a typical clinical example of global cell adaptation 
mechanism is observed in S. aureus as well as Ente-
rococci, where there is resistance to daptomycin. In 
the same vein, this antibiotic resistance mechanism 
is also observed in S. aureus, where there is a low 
level resistance to Vancomycin (Eirini et al., 2019). 
In the case of daptomycin, bacterial cells are de-
stroyed by an alteration of the homeostasis of their 
cell membrane components, while in enterococci, 
mutations in the genes encoding the regulatory sys-
tems, which control the homeostasis of the cell en-
velope as well as the genes responsible for the me-

tabolism of phospholipids have all been linked with 
the development of resistance against daptomycin 
in enterococci (Miller et al., 2014).

Global cell adaptation, which leads to the de-
velopment of daptomycin resistance in S. aureus is 
associated with the gradual accumulation of mutant 
genes, which are involved in the modification of the 
cell wall as well as the regulation of some major 
cell membrane activities (Bayer et al., 20013). In S. 
aureus, an intermediate susceptibility to vancomy-
cin (MIC 4-8 μg/mL) is usually observed. Howev-
er, this intermediate susceptibility is not related to 
the acquisition of some resistance genes as it is the 
case in VRSA, where there is usually acquisition 
of a cluster of vanA genes. Instead, the resistance 
is usually as a result of some changes that involve 
genes as a component of the regulatory systems 
controlling the homeostasis of the bacterial cell en-
velope (Howden et al., 2010). The actual mecha-
nism through which such intermediate resistance to 
vancomycin in S. aureus works is not clear. Never-
theless, there are theories about a reduction in the 
cell wall turnover as well as an autolytic activity 
that leads to an increased level of cell wall produc-
tion, and this prevents vancomycin from getting to 
its target site, which is the septum responsible for 
cell wall division (Howden et al., 2010).
Target site alteration (mutation or enzyme-
mediated)

The alteration of antibiotics target sites is 
a viable means of antibiotic resistance; this can 
occur either by mutation or by the activity of en-
zymes. Modification of target sites via mutation or 
post-translational modifications inhibits the binding 
of antibiotics, as such antibiotics can be modified 
inside the bacterial cell or eventually destroyed (De 
Pascale and Wright, 2010); this occurs since the an-
tibiotic have nowhere to bind to or attack, hence 
loses its integrity. Enzymes recognized to function 
in this manner are the methyltransferases; this class 
of enzymes alter elements on the ribosome and 
confer resistance to ribosome-targeting antibiotics, 
such as aminoglycosides, β-lactams, etc. (Schaen-
zer and Wright, 2020).
Target site protection

Antibiotic targets can also be protected by 
different mechanisms. One of the major targets of 
β-lactams is peptidoglycan, which helps to maintain 
the integrity of the cell against its internal turgor 
pressure. However, since the advent of β-lactams, 
this form of resistance has become obsolete; hence 
another means was to be developed by these bac-
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teria: β-lactamases (Paterson and Bonomo, 2015). 
This group of enzymes act to protect peptidoglycan 
and the cell wall as they hydrolyze the β-lactam ring 
present in β-lactams, thus the chemical structure of 
the antibiotics becomes compromised and cannot 
function to inhibit the synthesis of the bacterial cell 
wall (Donhofer et al., 2012).
Horizontal gene transfer

The mechanism of acquired antibiotic resist-
ance in bacteria can also be possible through the 
process of horizontal gene transfer. For this reason, 
even nonpathogenic bacteria with antibiotic re-
sistance genes can serve as a donor of such genes 
to pathogenic bacteria (Salyers and Shoemaker, 
2006). During horizontal gene transfer of antibiot-
ic resistance genes, a naked genetic material such 
as DNA, plasmid, transposons, gene cassettes, and 
even integrons from the environment is picked up 
by a bacterium cell (Nwosu, 2001). Very common 
about horizontal gene transfer of antibiotic resist-
ance among bacteria is the fact that more than one 
antibiotic resistance genes can be transferred to a 
recipient cell at a time. For instance, when consid-
ering the acquisition of a gene cassette, Methicil-
lin-Resistant S. aureus (MRSA) is a very good clin-
ical example where the mec element is responsible 
for carrying the mecA gene, and this gene codes for 
a protein that is insensitive to B-lactam, thus help-
ing the cell to synthesize its cell wall even where 
there is an antibiotic (Katayama et al., 2000). Sim-
ilar mec elements have also been identified across 
various species of Staphylococcus, and this shows 
that horizontal gene transfer is a potential mecha-
nism through which this gene is being transferred 
from one species to the other (Shore et al., 2011).
Conclusion and Perspectives

The resistance of bacteria to antimicrobial 
agents is not only the most important global health 
threat, but it is also one with the rarest solution. 
Since the discovery of various antimicrobial agents 
to help us win the war against antibiotic resistant 
bacteria, gram-negative bacteria in particular have 
been shown to develop several evolutionary mech-
anisms that give them an incredible surviving edge 
even in the face of the deleterious effects of these 
antimicrobial agents against them. Evidently, the 
war against these unfriendly neighbors of ours is far 
from over, which is an obvious indication that more 
research is needed to fully understand better ways 
to boost the efficacy antimicrobial therapies as well 
as the susceptibility of gram-negative bacteria to 
these antimicrobial agents. By so doing, antimicro-

bial resistance in bacteria will not only be a thing 
of the past, but diagnosis in clinical microbiology 
will also prove to be more effective and efficient, 
especially as this will give a lasting solution to the 
hydra-headed antimicrobial resistance potentials of 
gram-negative bacteria.
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DNA Barcoding Analysis Confirmed Presence of Cell Wall Deficient 
Variants of Yeasts in Blood of Autistic Children and Their Mothers
Dilnora E. Gouliamova*, Roumen A. Dimitrov, Desislava B. Todorova, Nadya Markova
The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences
Abstract

Research on microbial pathogen’s dormancy and survival strategy within the host is scarce. Yeast 
cell wall deficient variants (CWD) can persist in vivo for a long time and contribute to latent and chronic 
infections. In our study, we isolated yeast CWD variants from the blood of children with Autism Spectrum 
Disorder (ASD) and their mothers. The yeast CWD variants were converted into yeasts with the cell wall 
and were identified using DNA barcoding – sequence analysis of the variable D1-D2 domains of the nuclear 
large subunit (LSU nrDNA) and the internally transcribed spacer region ITS1+2 (ITS). All yeast strains 
were identified as Candida parapsilosis, and the strains were susceptible to six common antifungal agents.
Keywords: mycobiome, yeast pathogens
Резюме

Изследванията за стратегия на оцеляване на микробните патогени в гостоприемника са 
малобройни. Дрождеви варианти без клетъчна стена (БКС) са в състояние да персистират in 
vivo дълго време и могат допринасят за развитието на латентни и хронични инфекции. В нашето 
проучване дрождевите БКС варианти, изолирани от кръвта на деца с разстройство от аутистичния 
спектър (РАС) и техните майки бяха идентифицирани с помощта на ДНК баркодиране – анализ 
на последователността на вариабелните D1-D2 домейни на ядрената голяма рибозомна субединица 
(LSU nrDNA) и вьтрешно транскрибируем спейсерен регион ITS1+2 (ITS).  Всички изследвани 
щамове бяха идентифицирани като Candida parapsilosis и показаха чувствителност към шест 
противогъбични препарати.

* Corresponding author: dilnorag@gmail.com

Introduction. 
Microorganisms such as bacteria, archaea, 

fungi, and viruses that inhabit the human body rep-
resent the microbiome. The microbiome plays a cru-
cial role in human health (Cho and Blacer, 2012). 
Most microbes inhabiting the human body are com-
mensal, and some are mutualistic. In healthy indi-
viduals as a part of the microbiome, fungi comprise 
the mycobiome and are found on the skin, in oral 
and nasal cavities, gastrointestinal tract, and uter-
us (Pammi et al., 2013). However, in patients with 
acquired immunodeficiency syndrome (AIDS), 
cancer, organ transplantation, elderly and infants, 
commensal fungi can become pathogenic and cause 
severe infections. 

Candida parapsilosis is a yeast species that 
are often isolated from blood cultures worldwide. 
(Pfaler et al., 2011). Moreover, some European, 
Asian, and South American hospitals leave behind 
Candida albicans (Trofa et al., 2008). Also, C. par-

apsilosis is the most frequently isolated species in 
children‘s hospitals and is the leading cause of neo-
natal mortality (Piqueras et al., 2021).

Until 2005 C. parapsilosis was separated into 
three groups. Genetic studies revealed that each 
group represents separate species: C. parapsilosis 
sensu stricto, C. orthopsilosis, and Candida metapsi-
losis (Tavanti et al., 2005). The epidemiology, vir-
ulence traits, clinical manifestations, genetics, and 
antimicrobial susceptibility of C. parapsilosis have 
been intensively studied (Trofa et al., 2008; Van As-
beck et al., 2009). However, our knowledge is poor 
about this yeast‘s dormancy and survival strategy. 
The phenomenon of dormancy is one of the impor-
tant biological properties of Candida species and is 
related to disease pathogenesis (Mattmann, 2001). 
It was shown that yeast CWD variants demonstrate 
pathogenicity as regular yeasts with cell walls. In-
fection of experimental animals with Candida yeast 
CWD variants has resulted in systemic candidiasis 
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(Kobayashi et al., 1964; Mattmann, 2001).
Recent studies indicated that there is a link 

between fungal infections and central nervous sys-
tem diseases, including Alzheimer‘s, Parkinson‘s, 
amyotrophic lateral sclerosis, schizophrenia, Rett 
syndrome, and multiple sclerosis (Alonso et al., 
2014; 2017; Severance et al., 2017; Benito-León 
and Laurence, 2018; Strati et al., 2018; Pisa et al., 
2020). There are a few studies on the association 
between fungi and neurodevelopment diseases such 
as ASD, which is the main interest of our research. 
ASD is characterized and diagnosed by poor social 
communication and unusual repetitive behaviours 
(Am. Psychiatr. Assoc., 2013). According to recent 
estimates, about one in 270 people globally has an 
ASD (Vos et al., 2020). The etiology of ASD still is 
not clear. Studies indicate that both genetic and en-
vironmental factors contribute to the development 
of ASD (De Santis et al., 2012; Kalkbrenner et al., 
2014; Geschwin and State, 2015; Willsey and State, 
2015; Yang et al., 2017). In our previous article in 
this field, we demonstrated that bacteria, filamen-
tous fungi, and yeasts persist as CWD variants in 
children with ASD and their mothers (Markova, 
2019). In this study, CWD variants of the filamen-
tous fungi were converted to a typical detectable 
form and identified using serological tests and light 
microscopy. Converted bacterial and yeast forms 
were identified using matrix-assisted laser deso-
rption ionization-time of flight mass spectrometry 
(MALDI-TOF MS). Recently MALDI-TOF MS 
analysis has become the method of the first choice 
for the identification of microorganisms due to its 
rapidity. However, the method has limitations in 
identifying cryptic and unknown yeast species. 
Therefore, in the present study identity of the yeasts 
that were isolated from the blood and urine samples 
of children with ASD and their mothers were con-
firmed using DNA barcoding analysis of sequences 
of LSU nrDNA and ITS region that are currently 
considered as the most reliable markers for the 
yeast identification (Kurtzman and Robnett 1998; 
Gouliamova et al., 1998; 2016).
Materials and Methods
Blood samples

Three groups of people were studied: i) fifteen 
children (ages 3–12 years) diagnosed with ASD 
according to the standard international criteria; ii) 
group of their mothers (n=15; ages 30-47 years); 
iii) control healthy individuals (n=6; ages 12-22 
years). Blood samples were aseptically collected 
from all investigated persons using K2E-EDTA 

Vacutainer tubes (BD Vacutainer, Plymouth, UK). 
Informed consent for the use of the blood samples 
for research purposes was taken from mothers of 
children with ASD and healthy persons. All blood 
samples were handled and anonymized according 
to the national ethical and legal guidelines (Ethics 
Committee of Human Experimentation).
Isolation and transformation of yeast CWD 
variants into detectable forms

We used the previously described protocol to 
isolate CWD variants from blood samples (Mark-
ova et al., 2016). Blood lysis was achieved with 
sterile distilled water at a strictly fixed v/v ratio 
and incubation of samples at room temperature for 
30 min. The aliquots of lysed blood samples were 
inoculated in tubes with tryptic soy broth (TSB, 
Becton Dickinson) and incubated at 37°C for 72 
hours. Then, strictly fixed aliquots from primary 
broths were further sub-cultured in two broth me-
dia TSB with gentamycin (100 µg/ml) and Sab-
ouraud dextrose broth- SDB with chloramphenicol 
(50 µg/ml) and in parallel fixed aliquots were plat-
ed on two semisolid media - TSA with gentamycin 
of 100 µg/ml and SDA with chloramphenicol (50 
µg/ml). The semisolid media solidified with 0.8% 
(w/v) agar (Fluca). SDB and SDA incubated at 
25°C. Passages in broth and semisolid media were 
performed using the technique described in our 
previous study (Markova et al., 2015). In control 
experiments, broths and semisolid media were in-
oculated with sterile saline, and the same technique 
did subsequent transfers. All cultures were periodi-
cally checked for the presence of yeast growth and 
morphological transformations within two months 
- direct light microscopic observations of native 
preparations and stained smears from broth and 
agar cultures done periodically.
DNA barcoding analysis

DNA extraction. Half of an inoculation loop 
of yeast culture was transferred into a microcentri-
fuge tube and stored at -20°C for at least 30 minutes. 
After incubation time, 500 μL lysis buffer solution 
(for 100 mL solution: 0.5 g SDS, 1.4 g NaCl, 0.73 
g EDTA, 20 mL Tris-HCL (50 mM)) as well as 5 
μL 2-Mercaptoethanol were added. The tubes were 
vortexed vigorously and incubated at 65°C for one 
hour. Samples were vortexed during incubation 
time at least once. Afterwards, DNA was purified 
with 500 μL phenol:chloroform: isoamyl alcohol 
(v:v 25:24:1). Tubes centrifuged at 12 000 rpm for 
10 min. The supernatant was collected in a sepa-
rate Eppendorf tube. DNA was precipitated with an 
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equal volume of isopropanol and then incubated at 
-20ºC for 30 min. DNA was pelleted by centrifu-
gation at 12 0000 rpm for 10 min. DNA pellet was 
washed once with 200 μL of 70% aqueous solution 
of ethanol and centrifuged again at 12 000 rpm for 
10 min. DNA pellet resuspended in 50 μL distilled 
water. The DNA concentration and purity were de-
termined spectrophotometrically. DNA integrity is 
determined by 1% agarose DNA electrophoresis 
in TAE buffer (40 mM tris, 20 mM acetate, 1 mM 
EDTA, pH-8,3).
PCR amplification of LSU nrDNA domain and 
ITS1+2 region.

LSU nrDNA and ITS region were ampli-
fied using primer pair NL1/NL4 and V9D/Ls266 
(Kurtzman and Robnett 1998; van den Ende and de 
Hoog, 1999). PCR products were sequenced using 
the same oligonucleotides used in the PCR using 
the BigDye kit (Applied Biosystems) by Macrogen 
(The Netherlands). Sequences were analyzed and 
edited using the Chromas program (http://www.
technelysium.com.au/chromas.html). Nucleotide 
sequences of LSU nrDNA and ITS1+2 were com-
pared with sequences from the GenBank database 
using the BLASTn search tool from NCBI (www.
ncbi.nlm.nih.gov). All LSU rDNA and ITS se-
quences were deposited to the GenBank database.

LSU rDNA and ITS nucleotide sequences of 
all isolated strains showed 100% similarity. There-
fore, LSU rDNA and ITS sequences of only one 
yeast strain 156 were deposited to the GenBank 
database under accession numbers OM220086/
OM243925, correspondingly.

Susceptibility testing to antifungal agents
The assay was performed using Vitek-2 YST 

A17 card (Biomerieux, France) towards six com-
mon antifungal agents- fluconazole, voriconazole, 
fluctosine, micafungin, caspofungin, and ampho-
tericin B.
Results

A list of isolated and identified yeast strains 
is presented in Table 1. Six strains 156, 158, 160, 

162, 164, and 180 were isolated from the blood of 
children with ASD, and one yeast strain was isolat-
ed from the child‘s urine – 180-1. The three strains, 
163, 165, 181, were isolated from the blood sam-
ples of mothers of autistic children. Control blood 
samples of six healthy individuals showed negative 
results on the presence of yeasts stains. BLAST 
analysis demonstrated that the nine strains showed 
100% similarity in sequences of LSU nrDNA and 
ITS markers with C. parapsilosis CBS 604T (Gen-
Bank acc. number MH545914). Results of antifun-
gal susceptibility testing showed that all isolated 
strains of C. parapsilosi were susceptible to six 
tested antifungal agents.
Discussion

Microbial CWD variants deserve special at-
tention due to their persistence in vivo (Dominiq-
ue, 1982; Mattmann, 2001). It was shown that, like 
bacteria, yeasts also can produce CWD L-bodies 
(Mattmann, 2001). Reversion of CWD L-bodies 
to typical yeast forms was observed in both C. al-
bicans and C. tropicalis by Tunstall and Mattman 
(1961). C. tropicalis CWD variants were observed 
in patients with endocarditis (Rosner, 1966). Invo-
lution forms characterize persisting microbes, and 
the L-form of yeast is one of them.

Our previous article isolated and identified 
yeast CWD variants from the blood samples of 
six children, from the urine of one child and three 
mothers using MALDI-TOF MS (Markova, 2019). 
MALDI-TOF MS is done in three steps. First, ana-
lyzed particles are ionized and separated according 
to their mass-to-charge ratio. Second, the time nec-
essary for the ions to reach a detector is determined. 
Third, obtained spectrum of mass to charge ratio 
and corresponding signal intensity is compared 
with a spectrum of known microorganisms from 
a database (Marklein et al., 2009). The significant 
advantage of the MALDI-TOF MS identification 
method compared with DNA based ones is that it 
can be done in less than 10 minutes, and it does 
not require DNA extraction and PCR amplification 

Strains
Children/Blood samples Children/Urine samples Mother/Blood samples
A156 C. parapsilosis - -
A158 C. parapsilosis - -
A160 C. parapsilosis - -
A162 C. parapsilosis - M163     C. parapsilosis
A164 C. parapsilosis - M165     С. parapsilosis
A180 C. parapsilosis U180  С. parapsilosis M181      C. parapsilosi

Table 1. List of yeasts strains isolated in this study
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steps. Nevertheless, the method has its limitations. 
First, it firmly depends on a database and respec-
tive analytical tools. As a consequence of this, 
there is no concordance between results obtained 
by platforms that use different databases. Second, 
it cannot discriminate reliably cryptic species and 
allocates them to a group, complex or genus level. 
Third, it is critical in MALDI-TOF MS analysis to 
include a sufficient number of strains for each fun-
gal species grown under various growth conditions 
so that the database for the given species is robust 
enough to account for the species phenotypic vari-
ability. This is important for cryptic species of the 
C. parapsilosis complex that have limited protein 
sequence variability, and at the same time, they ex-
press a broad spectrum of phenotypes at different 
growth conditions (Tavanti et al., 2010; De Carolis 
et al., 2014). In the present study using sequence 
analysis of LSU nrDNA and ITS markers, we con-
firmed that six blood samples and one urine sample 
of children with ASD contained yeast C. parapsilo-
sis. The analysis also confirmed that blood samples 
of three mothers of children with ASD also har-
boured C. parapsilosis yeasts.
Conclusion

DNA barcoding analysis confirmed that C. 
parapsilosis can persist in the blood of children 
with ASD and some of their mothers as CWD var-
iants.
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Abstract 
Vaginal Candidiasis is one of the most common sources of inflammation of the vagina in patient 

women attending gynecological clinics. The present study aimed to isolate and identify the Candida spe-
cies in pregnant and non-pregnant women of different age groups attending maternity hospitals at Duhok, 
Iraq, using conventional and molecular methods. Vaginal swab samples were collected from 385 women 
aged 15-60 years with suspected vulvovaginal candidiasis. All swab samples were initially cultured on Sab-
ouraud’s dextrose agar (SDA) supplemented with 0.05% (Weight/Volume) chloramphenicol and incubated 
at 37ºC for 48 hours. For the presumptive identification of Candida species, all growing colonies were 
sub-cultured on Harlequin TM Candida Chromogenic agar (CHROM agar Company, Acumedia Neogen, 
UK) incubated at 35ºC for 48 hours. Molecular identification was achieved by sequencing the ITS1 and 
ITS4 regions of rDNA. Four Candida species were identified by both conventional and molecular meth-
ods. Based on PCR detection, C. albicans (47%) was the most common species, followed by C. glabrata 
(36.2%), then C. krusei (7.4%) while C. tropicalis (2.2%) showed the least incidence. Vaginal candidiasis 
is a common problem among women in Duhok city and was more common in age groups of 15-36 years 
of both pregnant and non-pregnant women. Sensitive Chromogenic agar for detection of  pecies showed 
91.7%, while the PCR-based technique was 97.49%.
Keywords: vaginal candidiasis, Candida spp., Candida chromogenic agar, ITS-rDNA, Duhok, Iraq.
Резюме

Вагиналната кандидоза е един от най-честите източници на възпаление на влагалището при 
пациентки, посещаващи гинекологични клиники. Настоящото проучване има за цел да изолира и 
идентифицира видовете Candida при бременни и небременни жени от различни възрастови групи, 
посещаващи родилни болници в Духок, Ирак чрез конвенционални и молекулярни методи. Взети са 
проби от вагинални тампони от 385 жени на възраст 15-60 години със съмнение за вулвовагинал-
на кандидоза. Всички проби първоначално се култивират върху Сабуро-декстрозен агар на (СДA с 
добавен 0.05% (тегло/обем) хлорамфеникол и се инкубират при 37°C за 48 часа. За предполагаемо 
идентифициране на видовете Candida, всички растящи колонии са субкултивирани върху Harlequin 
TM Candida Chromogenic агар (CHROM agar Company, Acumedia Neogen, UK) при 35°C за  48 часа. 
Молекулната идентификация е постигната чрез секвениране на ITS1 и ITS4 регионите на рДНК. Че-
тири вида Candida са идентифицирани както чрез конвенционални, така и чрез молекулярни методи. 
Въз основа на резултатите от PCR анализа, C. albicans (47%) е най-често срещаният вид, следван 
от C. glabrata (36.2%), C. krusei (7,4%), докато C. tropicalis (2.2%) показва най-ниска честота. Ваги-
налната кандидоза е често срещан проблем сред жените в град Духок и е по-честа във възрастовите 
групи от 15-36 години както на бременни, така и на небременни жени. Резултатите от проучването 
върху чувствителен хромогенен агар за идентифициране на видове Candida показва наличието им в 
91.7% от пробите, а PCR-базираната техника установява видове Candida в 97.49% от тях.

* Corresponding author: samir.abdullah@alnoor.edu.iq
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Introduction 
Vaginal Candidiasis is the most common 

source of inflammation of the vagina in patient 
women attending maternity hospitals.Candida in-
fection is likely to occur during pregnancy or repro-
ductive age (Anderson et al., 2004). The probabil-
ity of infection with Candida for the non-pregnant 
individual is less than 20%, while it may reach 30% 
during pregnancy (Aguin and Sobel, 2015). Vulvo-
vaginal infection is invasion and colonization of 
Candida species in the vagina or vulva which as 
consequence showed signs of itching, vagina sore-
ness, pruritus in the vulvae, burning sensation and 
irritation during urination, malodorous discharge, 
besides painful sexual intercourse (Fan et al., 2008; 
Willems et al., 2020). Candida albicans is consid-
ered to be the most frequently isolated species with 
a prevalence of around 90% (Ramirez-Lozada et al., 
2019). Some other studies reported high occurrence 
of Candida spp., especially C. glabrata, C. krusei, 
and C. parapsilosis (Babić and Hukić, 2010; Mo-
hammed et al., 2015). Certain factors may affect 
the incidence of infection in the reproductive sys-
tem such as microbial diversity, incidence of some 
microflora such as Lactobacillus spp., which play 
major roles in equilibrium and their absence may 
result in the overgrowth of opportunistic pathogens 
leading to  development of vulvovaginal candidia-
sis (Ma et al., 2012; Kamińska and Gajecka, 2017). 
Although C. albicans presents as vaginal mycobio-
ta and cause no infection, in certain situations Can-
dida changes into  a pathogen, causing candidiasis 
and colonizing different sites of the body (Yang, 
2003; Goncalves et al., 2016). 

As stated in many research papers, almost 
75% of maternity infections are candidiasis, with 
women having the infection at least once in their 
lives (Ilkit and Guzel, 2011; Gonçalves et al., 
2016). The rate of infection increases due to some 
factors such as pregnancy, diabetes mellitus, steroid 
and contraceptives drugs and immuno-suppressive 
treatment, HIV patients (human immunodeficiency 
virus), patients with indwelling catheters and pros-
thetic implants, who have long broad-spectrum an-
tibiotics treatment (Goncalves et al., 2016; Godoy 
et al., 2018). The classical techniques for detection 
of the species of Candida include microscopic ex-
amination, production of germ tube and chlamydo-
spore, and the  morphological characteristics of col-
onies on chromogenic candida agar (Pfaller et al., 
1996; Çetinkaya et al., 2003). Molecular analysis 
such as Polymerase Chain Reaction (PCR) based 
techniques is the best  method for detection of Can-

dida spp. with high precision and sensitivity (Nep-
pelenbroek et al., 2006). 

In Iraq, most research studies on vaginal can-
didiasis focus on epidemiology, identification of 
causative yeasts and study of some predisposing 
and risk factors (Abdullah et al., 2001; Khudor et 
al., 2002; Habib et al., 2007; Alsharifi, 2017; Ab-
dullah, 2020). Few studies in Iraq have used mo-
lecular methods for the detection of Candida spe-
cies involved in vaginal candidiasis (Imran and 
Al-Shukry, 2014; Mohammed et al., 2015; Habib 
et al., 2016).

The present study aimed to isolate and diag-
nose Candida species from pregnant and non-preg-
nant women showing vaginal candidiasis, using 
both conventional and molecular methods.
Materials and Methods 

Vaginal swab samples were prospectively 
collected from 385 patients with suspected vul-
vovaginal candidiasis in Zakho Maternity hospi-
tal. The study was carried out from 1st February to 
April 2019. High vaginal swabbing was cultured on 
(SDA) Sabouraud’s dextrose agar with the addition 
of (0.05%) chloramphenicol to inhibit any bacte-
rial contamination, and incubated at 37ºC for 48 
hours (Bhavan et al., 2010). Growth colonies were 
sub-cultured on HarlequinTM Candida Chromogenic 
agar (CHROM agar Company, Academia, Neogen, 
UK) at 35ºC for 48 hours. Presumptive detection of 
Candida spp. was made depending on the changes 
of colony color (Pfaller et al.,1996).

All Candida colonies were sub-cultured on 
enrichment peptone Dextrose (YPD) Broth at 37ºC 
for 24 hours for further DNA analysis. The genom-
ic DNA extract used genomic yeast DNA purifica-
tion kits with spin column technique. All extracted 
genomic DNA was suspended in 50 µl of Elution 
buffer (EB), then frozen at 4°C. The concentration 
and purification of all isolated DNA were checked 
with the Nanodrop. For DNA sequencing two sets 
of primers ITS1 (5′- TCCGTAGGTGAACCTGC-
GG-3′) and ITS4 (5′-TCCTCCGCTTATTGATAT 
GC-3′) were used for amplification (White et al., 
1990). 

The PCR reactions were performed in a 30 
µl reaction tube consisting of approximately 15 μl 
of Crystal Hot Star Taq DNA Master Mix 2X, 2 µl 
of target DNA, 2 µl of forwarding primer ITS1 and 
2 µl of reverse primers and 9 µl of PCR-grade wa-
ter. The reaction mixture was kept in a single tube. 
The PCR cycling protocol was achieved by using 
Touchdown PCR protocols, as follows: one cycle 
of initial temperature of denaturation step was 95°C 
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for 5 min. Then ten cycles of denaturation at 94°C 
for 30 seconds, the annealing step was at a tem-
perature of 60°C for 45 seconds, and extension step 
was at 72°C for 90 seconds, and 25 cycles followed 
by denaturation at 94°C for 30 seconds, annealing 
temperature at 55°C for 45 seconds, and extension 
at 72°C for 90 seconds. Then the final extension 
step at a temperature of 72°C for 10 minutes. The 
PCR products were run on agarose gel electropho-
resis. All PCR products obtained from Candida 
species were sent to Macrogen Company (Korea) 
for sequencing of DNA and sequence analysis da-
tabase such as Basic Local Alignment Search Tool 
(BLAST) was used to identify the obtained DNA 
sequences (http:// www.ncbinlm.nih.gov/BLAST). 
All sequences were purified and aligned using 
BioEdite.
Data analysis

SPSS software was used to analyze the data 
(Statistical Package for the Social Sciences, ver-
sion). The relative proportions were calculated 
with a confidence interval of 95%. To determine 
the association between variables, the chi-squared 
(x2) test was used; a p-value < 0.05 was considered 
significant, and more than that insignificant.
Results 

High vaginal swab samples (n=385) were 
collected for detection of Candida species from 
women attending maternity hospital, 35% of sam-
ples (n=135) had growth of Candida. In general, 
the prevalence of Candida distribution related to 
age reveals that women within the age range 26 
to 36 years have the highest percentage (53%) fol-
lowed by women from 15 to 25 years (44%) (Table 
1). The result among pregnant women shows that 
the highest ratio of infections is 31% (n=31) among 
women aged within 26-36 years, followed by 28% 
(n=28) among women aged 37-47 years, while 21% 
(n=21) was documented among women within  the 

age range from 15 to 25 years. The age group 48-
60 years shows the least percentage of 8.2% (n=7). 
As the table shows, on the one hand, there is a sig-
nificant difference in age groups 15-25 and 48-60 
among non-pregnant, (23% and 0%), respectively. 
The same can be said about the age group 37-47, 
which scored (3%) which is near to (0%). On the 
other hand, in the age groups 26-36 and 47-60 for 
pregnant, it is clear that the difference is significant, 
31% and 8.2, respectively.

All positive species on SDA were again 
sub-cultured on Chromogenic Candida agar  
(Figure 1). The percentages were as follows; C. al-
bicans was 44.4%, 33.3% for C.glabrata , C.tropi-
calis was 2.2% and C. krusei was 8.1%, while the 
percentage of subjects infected with both Candida 
species (albicans and glabrata) was 4.4%. Only 
1% of the  samples did not growth on the medium. 
The percentage of infection among pregnant wom-
en (71.1%) was higher than in non-pregnant women 
(28.8%) (Table 2). CHROMOgenic Candida Agar 
was used as it was considered as one of the primary 
identification mediums for the detection of four spe-
cies of Candida based on colony colors (C. albicans, 
C. glabrata, C. krusei and C. tropicalis) (Fig. 1).

Fig. 1. Appearance of Candida colonies on chro-
mogenic candida agar showing different colors for 
different species: C. albicans (green), C. tropicalis 
(blue), C. glabrata (white to purple), C. krusei (pur-
ple to pink)

Table 1. Prevalence of Candida spp. on SDA amongst different age group women patients related to preg-
nancy

Age Group 
(Years)

No. of Sample 
examined

Vaginal Swab
Non-Pregnant

No. (%)
Pregnant
No. (%)

Total Positive
No. (%)

15 – 25 100 23/100 (23%) 21/100 (21%) 44/100 (44%)

26 – 36 100 22/100 (22%) 31/100 (31%) 53/100 (53%)

37 – 47 100 3/100 (3%) 28/100 (28%) 31/100 (31%)

48 – 60 85 0/85 (0%) 7/85 (8.2%) 7/85 (8.2%)

Total 385 48/385 (12.4%) 87/385 (22.5%) 135/385 (35%)

P value = 0.0002 analyzed using the SPSS software using the chi-squared (x2) test.
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Fig. 3. Phylogenetic tree for Candida species using 
Neighbor-Joining method for Candida species iso-
lated from vaginal samples.

Table 3. and Fig. 3. illustrate sequences of 
isolated species from vaginal swabs as follows: the 
two isolated strains of C. albicans (MN514429) 
isolated from pregnant women and (MN508374) 
isolated from non-pregnant women; both 
showed 99% similarity to C. albicans from Bra-
zil (KJ651881), Saudi Arabia (MK564528), Iraq 
(LT577614, MN336231) and Iran (MN336231). 
The strain C. glabrata (MN521697) isolated from 
non-pregnant women shared 99% similarity to C. 
glabrata strain from Saudi Arabia (MK300697) 
and 98% similarity to other strains found in Iran 
(LC389260 and LC389260), Mexico (KY575042) 
and China (KT067758). The sequence of C. krusei 
(Pichia kudriavzevii) (MN523212) isolated from 
pregnant women and (MN523213) isolated from 
non-pregnant women shared 100% similarity to 

Regarding the PCR results, two universal 
primers (ITS1 and ITS4) were used to amplify 
DNA fragments from DNA template isolated from 
clinical samples, all PCR products were run on 
agarose gel and showed sizes ranging from 500 to 
1000 base pair as shown in Fig. 2. 

Fig. 2. PCR products showed specific bands on 
agarose gel electrophoresis C. albicans (Lane 2, 
17, 18), C. glabrata (Lane 1, 3-4, 13-16, 19-20), 
C. krusei (Lane 6-9, 11, 12), C. tropicalis (Lane 21, 
22). 

In all PCR products BioEdite software pro-
gram was used DNA sequencing alignment, then 
the resulting  sequences were compared against 
Genebank database  and linked to other strains of 
Candida (references) isolated from human hosts 
with a match ranging between 96% and 100% (Ta-
ble 3). 

Data of DNA sequencing of Candida species 
were analyzed by the Neighbor-Joining method us-
ing MEGA 7 (Tree- View software) to construct a 
phylogenetic tree and to compare with references 
strains (Fig. 3).

Table 2. The occurrence of Candida spp. on CHROM genic Candida agar among women

Species
Vaginal Swab

Non- Pregnant  
No (%) Pregnant No (%) Total Positive No (%)

C. albicans (20/60) 33.3% (40/60) 66.6% (60/135) 44.4%
C. glabrata (14/45) 31.1% (31/45) 68.8 (45/135) 33.3%
C. tropicalis 0 (3/3) 100% (3/135) 2.2%
C. krusei (2/11) 18.1% (9/11) 81.8% (11/135) 8.1%

C. albicans & C. glabrata (2/6) 33.3% (4/6) 66.7% (6/135) 4.4%

Not detected on Chromogenic agar (1/10) 10% (9/10) 90% (10/135) 7.4%

Candida spp. identification (38/39) 97.4% (87/96) 90.6% (125/135) 92.5%

Total (39/135) 28.8% (96/135) 71.1% (135/135) 100%
P value: 0.66 analyzed using the SPSS software using the chi-squared (x2) test
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other strains of C. krusei from Iraq (MN384437), 
Russia (MK998698) and Iran (MK998698). The 
phylogenetic tree analysis for the species C. trop-
icalis (MN519568) isolated from non-pregnant 
women showed 100% homology with the C. trop-
icalis strains from Iraq (MN504645) and Egypt 
(MH534932) and also showed 99% homology to 
strains from Saudi Arabia (MK561552) and Iraq 
(MK752561).

The method which was used for inferred evo-
lutionary history was Neighbor-Joining. The per-
centage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (1000 
replicates) is close to the branches. Evolutionary 
analyses were conducted in MEGA7. (A) Acces-
sion numbers of C. albicans isolated in this study 
(MN514429, MN508374) compared with refer-
ence strains, (B) accession numbers of C. glabrata 

isolated in this study (MN521697) compared with 
reference strain, (C) Accession number of C. tropi-
calis isolated in this study (MN519568) compared 
with reference strain, (D) accession numbers of Pi-
chia kudriavzevii (C. krusei) isolated in this study 
(MN523212, MN523213) and reference strains.

The molecular study of collected specimens 
indicated  that about 92.8% of the samples had 
single Candida spp., 47% of individual shave C. 
albicans, C. glabrata showed 36.2%, 7.4% for C. 
krusei, 2.2% for C. tropicalis and 3.7% C. albicans 
and C. glabrata. Sequencing of the PCR products 
produced bands for 131 samples (97 %) out of 135 
samples (Table 4). 

The percentage of specificities in the present 
research is as follows: Chromogenic agar showed 
91.7%, while PCR-based technique was 97.49% 
(Fig. 4).

Table 3. Accession numbers of isolated Candida spp. compared to references strains isolated from human 
from different locations

Species
Accession 

No.
Strain No. Host (Human) Region

Similar-
ity

%

C. albicans MN514429 h55b Vagina/Pregnant Iraq 100 %

C. albicans KJ651881 HC19C Vagina Brazil 99 %

C. albicans LT577614 IQMunaff2 9 Oral Iraq 99%

C. albicans MK564528 CA10.2 Vaginal Swabs Saudi Arabia 99%

C. albicans MN508374 Vagina/Non-Pregnant Iraq 100 %

C. albicans MN336231 Vagina Iran 99 %

C. krusei (Pichia kudriavzevii) MN523212 CY902 Vagina/Pregnant Iraq 100 %

C. krusei (P. kudriavzevii) MN523213 m76b Vagina/ Non- Pregnant Iraq 100 %

C. krusei (P. kudriavzevii) MN384437 ZAHZK Human Iraq 100 %

C. krusei (P. kudriavzevii) MK998698 RCPF 1406 Vagina Iran 100 %

C. krusei MK998698 RCPF 1406 Vulvovaginitis Russia 98%

C. glabrata MN521697 CG-3PI Vagina Non- Pregnant Iraq 100 %

C. glabrata LC389260 H155 Vagina Iran 98%

C. glabrata KY575042 cvv15m Vaginal Swab Mexico 98%

C. glabrata KT067758 36(O) (1_0330) Clinically China 98%

C. glabarta MK300697 CG09.2 Vagina Saudi Arabia 99 %

C. glabrata LC389240 A113b Vagina Iran 98%

C. tropicals MN519568 19 Vagina Non- Pregnant Iraq 100%

C. tropicals MH534932 AUMC 13542 Vagina Egypt 100 %

C.tropicalis MK752561 Vaginal Iraq 99%

C.tropicalis MK561552 CT02.1 Vaginal Swabs Saudi Arabia 99%

C. tropicals MN504645 Urine DM Iraq 100 %
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Fig. 4. Sensitivity of identifying methods for 
clinical isolates of Candida species.

Discussion
The highest proportion of candidiasis is 

among women with ages ranging from 26 to 36 
years. This finding is in agreement with other re-
search papers reporting women in the age range 
from 26 to 36 years as  having a high ratio of can-
didiasis (Hedayati et al., 2015; Alsharifi, 2017; Kia-
sat et al., 2019; Waikhom et al., 2020). Likewise, 
women aged 26 to 36 years display changes in the 
level of hormones during pregnancy, therefore, vul-
vovaginal candidiasis is more common in women 
during pregnancy (Nohmi et al.,1995; Ahmad and 
Khan, 2009; Waikhom et al., 2020). 
In the current study, isolated species of Candida 
were sequencing by using the two primers ITS-1 
and ITS-4, and were  likened with other isolated 
species (China, Iran, Saudi Arabia, Egypt, Russia 
and Mexico). The investigation shows that 
the similarity between the isolated strains and 
references strains of Candida is between 98% and 
100%. The phylogenetic tree reveals high kinship 
(Fig. 3).

In general, our study concludes that C. albi-
cans is the most commonly isolated strain with a 
prevalence of 47%, while C. glabrata is considered 
as the second most isolated species with a ratio of 
36.2%. This finding is in line with other papers con-
ducted by (Khudor et al., 2002; Güzel et al., 2013; 
Kiasat et al., 2019) but differs from other research 
studies (Trama et al., 2005; Mohammed et al., 
2017; Waikhom et al., 2020), which shows a high 
prevalence of some non-albicans Candida strains 
particularly C. glabrata. This may be due to the de-
velopment of antifungal resistance among Candida 
species besides the low immune system against the 
infection or due to alteration in hormones levels 
(Trama et al., 2005). Our results demonstrate that 
the ratio of mixed infection is highly related to oth-
er research studies conducted in China (Fan et al., 
2008), the United States (Richter et al., 2005), and 
Iran (Mahmoudi Rad et al., 2012). 

As shown in the phylogenetic tree (Fig. 3), 
the molecular weights of PCR products are diverse 
among C. albicans, C. glabrata, C. krusei, and C. 
tropicalis. The use of PCR methods with the ITS1 
and ITS4 primer is rapid and accurate. Although the 
detection based on morphological characteristics 
of yeast colonies on Chromogenic Candida agar 
is considered as the possible identification for four 
species of Candida, it is impossible to distinguish 
other species of Candida, hence the combination 
of the phenotypic and genotypic method is the best 
method for detection of all species of Candida. Our 
finding is in agreement with other papers (Kirkpat-
rick et al., 1998; Sullivan and Coleman, 1998; Cos-
ta et al., 2010). 
Conclusion

Vaginal candidiasis is a common infection 
among women attending maternity clinics in Du-
hok province, Iraq, and is more common in the 
age groups of 15-36 years for both pregnant and 

Table 4. PCR based detection of Candida spp.

Candida spp.
PCR-based identification

Vaginal samples
C. albicans (64/135) 47%
C. glabrata (49/135) 36.2%
C. tropicalis (3/135) 2.2%
C. krusei (10/135) 7.4%
C. albicans + C. krusei ----------
C. glabrata + C. tropicalis ----------
C. albicans + C. glabrata (5/135) 3.7%
Not identification (4/135) 2.9%
PCR-based for identification Candida species (131/135) 97%
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non-pregnant women. Four Candida species were 
identified by both conventional and molecular 
methods with a prevalence showed by C. albicans 
followed by C. glabrata. Accurate identification of 
yeast species involved in vaginal candidiasis is es-
sential for treatment, particularly the species show-
ing resistance to antifungal drugs. The PCR-based 
technique is the first choice for accurate species di-
agnosis. 
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Abstract

From two soil samples taken in the Denali National Park and Preserve, Alaska, 28 filamentous fungi 
were isolated on selective media. A total of 28 fungal isolates were identified. The most widespread fungal 
species belonged to the genera Aspergillus, Mucor, Tolypocladium, Daldinia, and Pseudogymnoascus. A 
phylogenetic tree was constructed with the neighbour-joining method using the Kimura two-parameter 
model included in the MEGA 4 software. The linear growth of the fungal isolates was measured after 10 
days of conidiospore cultivation on agar plates at temperatures of 4, 10, and 25°C. The majority of the fun-
gal strains identified in this study were mesophiles. All isolated strains were screened for proteolytic activ-
ity. Among them, seven strains showed high protease activity. These findings expand our knowledge about 
fungal biodiversity in harsh cold environments as well as the enzyme production by extremophilic fungi. 
Keywords: fungal biodiversity; Alaska; phylogenetic tree; proteolytic activity
Резюме

От почвени проби, събрани от Национален парк и резерват Денали, Аляска са изолирани 
28 щама филаментозни гъби, които са идентифицирани по молекулярно-биологичен метод. Най-
разпространените видове принадлежат към родовете Aspergillus, Mucor, Tolypocladium, Daldinia и 
Pseudogymnoascus. На базата на „neighbour-joining method“ и чрез използването на MEGA 4 софтуер е 
конструирано филогенетично дърво. Линейният растеж на единичните колонии е измерен на десетия 
ден от култивирането при температури от 4, 10 и 25°C. По-голямата част от идентифицираните гъби 
са определени като мезофили. Проучена е протеолитичната активност на всички изолирани щамове, 
като при 7 от тях е установена значима ензимна активност. Проведеното изследване допринася за 
разширяване на познанията относно биоразнообразието на гъбите в студените местообитания, както 
и за синтеза на ензими от екстремофилни представители.

* Corresponding author: mariange@microbio.bas.bg

Introduction 
Over the last decades, Alaska has been inves-

tigated mainly for the presence and exploitation of 
psychrophilic oil-degrading microorganisms (Gieg 
et al., 2010), and more rarely for filamentous fungi 
(Romero-Olivares et al., 2015). It is one of the most 
suitable areas for the search for organisms adapted 
to low temperatures. Most extremophilic fungi are 
adapted to low temperatures, low water availabil-
ity, low nutrient availability, repeated freeze-thaw 
cycles, osmotic stress, desiccation, and high UV ra-
diation (Rampelotto, 2013). Extracellular enzyme 

 
 production can be an important element of the sur-
vival strategy of these fungi in nutrient-poor soils 
(Krishnan et al., 2011). 

There is limited information about the biodi-
versity of filamentous fungi in Alaska. The aim of 
this study was to isolate and identify filamentous 
fungi from samples of soil taken from Alaska, as 
well as to determine their temperature growth char-
acteristics. Protease enzymes have been widely re-
ported in fungal studies elsewhere globally (Krish-
nan et al., 2016) and more rarely from Alaska. For 
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this reason, the present study also focuses on the 
ability of isolated strains to produce proteases.
Materials and Methods 
Isolation and cultivation of the fungal strains

Filamentous fungi were isolated from soil 
samples collected from Denali National Park and 
Preserve, Alaska. Cooke Rose Bengal agar was 
chosen as a growth medium (Cooke, 1954). Tripli-
cate samples were incubated at temperatures of 4, 
10, and 25°C for up to 3 weeks. To obtain individu-
al isolates, the visible active growing mycelia were 
then taken from the mixed isolate and subcultured 
onto potato dextrose agar (PDA). The cultures were 
subsequently maintained on PDA at 4°C and sub-
cultured every month.

The range of growth temperature was mon-
itored by conidiospore cultivation in Petri dish-
es (d = 9 mm) with PDA for 10 days at different 
temperatures (4, 10, 25°C). For the submerged 
cultivation, 74 ml of seed medium was inoculated 
with 6 ml of spore suspension at a concentration 
of 2×108 spores/ml in 500-ml Erlenmeyer flasks. 
Cultivation was performed at 20°C for 48 h for the 
psychrotolerant strain, and at 25°C for 24 h for the 
mesophilic strain on a rotary shaker (220 rpm). The 
composition of the culture medium AN-3 used for 
submerged cultivation was described in a previous 
paper (Gocheva et al., 2009). 
Identification of the isolated strains

For identification, the fungal DNA Purifica-
tion Kit (Himedia) was used to extract genomic 
DNA according to the manufacturer’s instructions. 
The internal transcribed spacer (ITS) region of the 
nuclear rRNA genes was amplified using primer 
pairs ITS1(5‘-TCCGTAGGTGAACCTGCGG-3‘) 
/ITS4(5‘-TCCTCCGCTTATTGATATGC-3‘) 
(White et al., 1990). PCR reactions were performed 
in a 25 µl volume using GenetBio PCR master mix. 
Agarose gel electrophoresis was used to analyze 
PCR products. The nucleotide sequences were de-
termined using the sequencing service of Macrogen 
INC.

Bioinformatic analyzes: The sequences were 
checked for ambiguity, assembled, compared, and 
analyzed against global databases: GenBank (http://
www.ncbi.nlm.nih.Gov/) and BLAST, part of the 
resources of the National Center for Biotechnology 
Information (NCBI, USA) and MYCOBANK Da-
tabase (http://www.mycobank.org/).

A phylogenetic tree was constructed with 
the neighbour-joining method using the Kimu-
ra two-parameter model included in the MEGA 4 

software (Molecular Evolutionary Genetics Analy-
sis (Tamura et al., 2007). The sequences obtained 
in this study were deposited in the NCBI GenBank 
database.
Enzyme activity assay

The activity of extracellular protease was 
measured using the method developed by Cupp-En-
yard (2008) and Anson (1938) with modification. 
This method is based on tyrosine formation during 
casein hydrolysis by protease. One unit of protease 
activity was defined as 1 μmol of tyrosine released 
during enzymatic reaction per mL reaction mixture 
per minute under the experimental conditions.
Results
Isolation and temperature characteristics of the 
fungal species from Alaska 

A total of 28 isolates were obtained from 
the analyses of two soil samples through soil dilu-
tion and soil sprinkle plate techniques. Four strains 
were isolated from agar plates incubated at 4°C, 7 
from plates incubated at 10°C, and 17 from plates 
incubated at 25°C. The temperature growth ranges 
of the isolates were investigated. In this study, the 
definitions of psychrophiles, psychrotolerant, and 
mesophiles follow those of Morita (1975), devel-
oped mainly with reference to bacteria. According 
to the temperature range for growth, the fungal iso-
lates can be classified as psychrophilic, psychro-
tolerant, or mesophilic types (Fig. 1). The isolates 
were grown at three temperatures (4, 10, and 25°C). 
The psychrotolerant strains were able to grow both 
at low (4°C) and medium temperatures with an op-
timum of 25°C. The majority of isolates tested for 
growth, activity, and viability appeared to be meso-
philic (Fig. 1). 

Fig. 1. Distribution of isolated strains according to 
their range and optimal temperature for growth
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Identification
All isolates were identified as filamentous 

fungi belonging to the phyla Ascomycota (75%), 
Zygomycota (21.4%), and Basidiomycota (3.57%) 
(Fig. 2). 

Fig. 2. Diversity of soil filamentous fungi from 
Alaska

Eight of the fungal isolates displayed ITS 
sequence similarities with the genus Aspergil-
lus. In addition, after ITS analysis, 20 fungal taxa 
were identified as belonging to the genera Mucor, 
Tolypocladium, Pseudogymnoascus, Daldinia, 
Penicillium, Aerobasidium, Stereum, Ambomucor, 
which displayed high sequence similarities when 
compared with fungal sequences deposited in the 
GenBank.

Our report indicates that Aspergillus and Mu-
cor were the dominant genera in the soils of Denali 
National Park and Preserve, Alaska. The genera of 
Aspergillus (8 species), Mucor (7 species), Tolypo-
cladium (3 species) Pseudogymnoascus (3 species), 
Daldinia (3 species), Penicillium (2 species) con-
tributed more than one species, and other genera 
were represented with one species. Mucor hiema-
lis occurred in the highest contribution (17.86%), 
Asergillus fumigatus and Tolypocladium inflama-
tum were the second dominant flora species with 
14.28% followed by Dialdinia loculata (10.71%), 
Pseudogymnoascus sp. (10.71%), and A. tubingen-
sis (7.14%). As can be seen in Fig. 3., the species 
Penicillium rubens, P. chrisogenum, A. niger, A. 
awamori, Stereum hirsutum, Aureubasidium mela-
nogenum, Ambomucor seriatoinflatus demonstrat-
ed a very low prevalence (about 3.5%).
Extracellular proteolytic activity

Proteases have primary roles in protein ca-
tabolism in fungi. Table 1 shows the results of the 
screening for enzyme production when the strains 
were cultivated at three different temperatures, 25, 
10, and 4°C. 

Protease activity was found in culture filtrates 
from 7 strains (25%), while 21 strains (75%) did 
not exhibit extracellular enzyme production. A sig-
nificant level of enzyme production was detected 
in P. chrysogenum ASK7, M. hiemalis ASK10, M. 
hiemalis ASK 11, A. tubingensis ASK 17, Pseu-
dogymnoascus sp. ASK 21, Pseudogymnoascus 
sp. ASK 22 and T. inflamatum ASK 26. The most 
effective producers were Pseudogymnoascus sp. 
ASK 22 (51.8 IU/ml) and M. hiemalis ASK 11 
(49.28 IU/ml).
Discussion 

A total of 28 fungal isolates representative 
of 9 genera belonging to 4 phyla were isolated and 

Fig. 3. Evolutionary relationships of 46 taxa. The 
evolutionary history was inferred using the neighbor-join-
ing method (Saitou and Nei, 1987). The tree was drawn to 
scale, with branch lengths in the same units as those of the 
evolutionary distances used to infer the phylogenetic tree. 
The evolutionary distances were computed using the Kimura 
2-parameter method (Kimura, 1980) and are in the units of the 
number of base substitutions per site. All positions containing 
alignment gaps and missing data were eliminated only in pair-
wise sequence comparisons (Pairwise deletion option). There 
were a total of 844 positions in the final dataset. Phylogenetic 
analyses were conducted in MEGA4 (Tamura K.). 
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identified from two soil samples collected from 
Denali National Park and Preserve, Alaska. Alas-
ka is one of the less-studied regions and data are 
reported mainly on bacteria, yeasts, but rarely on 
fungi (Margesin, 2009). The most commonly en-
countered genera Aspergillus and Mucor, and other 
commonly detected taxa such as Tolypocladium and 
Pseudogymnoascus, as well as the less frequently 
isolated taxa, Penicillium and Daldinia are the cos-
mopolitan fungal genera. All of these species have 
been reported as commonly isolated from Antarctic 
soil (Onofri et al., 2007).

The majority of fungi isolated from Denali 
National Park and Preserve, Alaska, were meso-
philes. A similar fact was reported about Antarctic 
mycoflora. The predominance of mesophiles rather 
than psychrophiles in extreme environmental con-
ditions may be due to the fact that the temperatures 
of substrate at certain times of the year are much 
higher than low air temperatures (Robinson, 2001). 
Moreover, the psychrotolerant fungi demonstrated 
radial growth in a wide temperature range between 
4 and 25°C. At the same time, optimal temperature 
regimes for colony formation of the psychrotoler-
ant and mesophilic strains were found at 10°C and 
25°C, respectively. Finally, four of them were true 
psychrophilic strains; they included some strains of 
M. hiemalis and A. tubingensis. They are believed 
to play key roles in the biodegradation of organic 
matter and the cycling of essential nutrients at the 
cryosphere level (Shivaji and Prasad, 2009). De-
spite the severe conditions of Alaska, the overall 
picture showed a relatively rich mycoflora.

Filamentous fungi are well known to pro-
duce a number of extracellular enzymes and other 
secondary metabolites (Künzler, 2018). Extracel-
lular enzyme production is an important element of 
the fungal survival strategy in extreme conditions. 
To estimate the ability of the fungi to utilize pro-
teins in their natural environment, they were initial-
ly characterized for the production of extracellular 
proteolytic enzymes. The present study revealed a 

temperature-dependent production of protease. 
The maximum enzyme activity was achieved at 
the optimum growth temperature. The incubation 
temperature is usually determined by considering 
the sources from which the organisms have been 
isolated. A temperature of 37°C and 40°C has been 
reported as optimal temperature for protease pro-
duction by a number of microorganisms (Sharmin 
et al., 2005), Antarctic bacteria (Vazquez and Mac 
Cormack, 2002), and psychrotolerant Antarctic 
yeast C. humicola (Ray et al., 1992). Considering 
the cold Alaska temperature, it is unusual that these 
psychrotolerant fungi still retain this extracellular 
enzyme with a high-temperature optimum.
Conclusion

Our study contributes to the knowledge of 
fungal biodiversity in extreme environments like 
Alaska. We have provided new data on the predom-
inance of species belonging to the genera Asper-
gillus and Mucor in soils from the Denali National 
Park and Preserve, Alaska. Moreover, our results 
confirmed the prevalence of mesophilic fungi in 
cold environments, which could be attributed to 
seasonal and local increases in soil temperatures 
due to solar radiation. As inhabitants of extreme-
ly cold environments, these fungal strains could be 
used to produce industrially important psychrotol-
erant enzymes. After further research, the isolated 
new protease producers may be included in bio-
technological production. 
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Abstract

Candida albicans induces different kinds of infections classified as superficial, locally invasive and 
systemic infections. The present study aimed to estimate the antifungal activities of Lactic acid bacterial 
(LAB) extract against 30 different resistant clinical isolates of C. albicans. LAB strains were isolated from 
100 fermented food samples and C. albicans was isolated from Egyptian private hospitals. Cell-free su-
pernatants of different LAB strains were then evaluated for their antagonistic activity against C. albicans 
isolates using the agar well diffusion method. Determination of the minimum inhibitory concentration 
(MIC) of LAB extracts was then carried out against C. albicans. Moreover, the effect of LAB extracts on 
the formation of C. albicans biofilm was assessed and expressed as percentage. The obtained results indi-
cated that all LAB extracts exerted growth inhibitory effects on the vegetative forms of C. albicans as well 
as their biofilm formation. Also, Lactobacillus plantarum was the most powerful isolate where the highest 
diameter of inhibition zone was 22.80 mm with MIC value of 62.67% while the average percentage of bi-
ofilm inhibition was 67.33%. The use of a probiotic may offer an alternative or complementary therapeutic 
choice in the treatment of Candidiasis and could be effective against drug resistant strains. 
Keywords: enumeration, identification, antifungal activity, Lactic acid bacteria, Candida albicans
Резюме

Candida albicans предизвиква различни видове инфекции, класифицирани като повърхностни, 
локално инвазивни и системни микотични инфекции. Настоящото проучване има за цел да оцени 
противогъбичната активност на екстракт от млечнокисели бактерии (LAB) срещу 30 различни 
резистентни клинични изолати на C. albicans. LAB щамовете са изолирани от 100 ферментирали 
хранителни проби, а C. albicans е изолирана частни болници в Египет. Безклетъчните супернатанти 
на различните LAB щамове са оценени по отношение на антагонистичната им активност срещу 
изолати на C. albicans, използвайки метода на дифузия в агар. Определена е минималната инхибираща 
концентрация (МИК) на LAB екстрактите срещу C. albicans. Освен това, ефектът на LAB екстракти-
те върху образуването на C. albicans биофилми е оценен и изразен в проценти. Получените резултати 
показват, че всички LAB екстракти оказват инхибиращ ефект върху растежа на вегетативните форми 
на C. albicans, както и на образуването на биофилм. L. plantarum демонстрира най-значима зона на 
инхибиране с диаметър 22.80 mm и стойност на МИК 62.67%, а средният процент на инхибиране на 
биофилма е 67.33%. Използването на пробиотик може да предложи алтернативен или допълнителен 
терапевтичен избор при лечението на кандидозите и може да бъде ефективно срещу резистентни 
към лекарства щамове.

* Corresponding author: nehalmohammed83@gmail.com

Introduction
Candidiasis is a fungal infection most-

ly caused by Candida albicans (Walsh and Dix-
on, 1996). The fungus is a single-celled organism  

 
present in the genital tract and gastrointestinal 
tract (GIT). Candida species (spp.) are found ev-
erywhere and represent the most common fungal 
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spp. affecting humans. Candida accounts for ap-
proximately 15.0% of all healthcare-associated in-
fections (HAIs), more than 72.0% of all healthcare 
associated fungal infections, and 8.0% to 15.0% of 
all healthcare-associated bloodstream infections, 
25.0-50.0% of healthcare-associated candidemia 
occurring in intensive care units (ICUs) (Gudlaugs-
son et al., 2003). Under normal circumstances, the 
immune system keeps candida under control but 
during sickness or use of antibiotics, it can grow 
without control and cause infections [diaper rash, 
vaginitis, and thrush] (Barousse et al., 2004). Can-
didiasis can affect various parts of the body and the 
most common being the mouth, ears, nose, toenails, 
fingernails, GIT, vagina, eyes, lungs, brain, and kid-
neys (Al-Thwani, 2002). Symptoms often worsen 
after consumption of foods containing sugar and/
or yeast (Barousse et al., 2004; Al-Thwani, 2002). 
Candida spp. have their own ways of self-defense, 
which have been identified, contributing to the 
pathogenic potential of this fungus. Among them 
are the surface molecules which facilitate adher-
ence of the organism to human cells, the secre-
tion of proteases and phospholipases that involve 
penetration and damage of cell envelopes, biofilm 
formation, and the ability to convert to a hyphal 
form [phenotypic switching] (Calderone and Fonzi, 
2011). C. albicans is becoming increasingly re-
sistant to antimycotic drugs and can adapt to dif-
ferent host niches thus representing a serious risk 
to human health. The mechanisms underlying the 
development of antifungal resistance are complex 
and involve multiple pathways and genes. Further, 
these mechanisms continue to change and evolve, 
challenging the medical clinic and exacerbating 
the need for discovering original therapies against 
Candida diseases (de Oliveria et al., 2018). In re-
cent years, science and medicine have also become 
increasingly aware of the positive characteristics of 
microorganisms and have started to use and study 
probiotics as drugs or for disease prevention. LAB 
are generally recognized as safe (GRAS) micro-
organisms and play an important role in food and 
feed fermentation and preservation either as natural 
microflora or as starter cultures added under con-
trolled conditions. The preservative effect exerted 
by LAB is mainly due to the production of organic 
acids (such as lactic acid), which results in lower-
ing pH (Kanmani et al., 2013; Jang et al., 2019). 
Antimicrobial compounds produced by LAB en-
able them to have competitive advantage over other 
organisms. Bacteriocins are produced by LAB and 
they exert a positive influence on the host’s health 

by stimulating the immune system and have the 
ability to activate macrophages and lymphocytes 
(Marteau et al., 2001). They also improve the level 
of immunoglobulin A (IgA) and the production of 
gamma interferon. In addition to bacteriocins, LAB 
also produces carbon dioxide (CO2), hydrogen 
peroxide (H2O2), and organic acids, which reduce 
the pH of the medium (Oluwafemi and Adetunji, 
2011). Lactobacillus spp. can provide some protec-
tion against candidiasis. Consumption of fermented 
foods should be encouraged in women to increase 
Lactobacillus population in the GIT and subse-
quently in the female urogenital tract (Azadnia and 
Nazer, 2009).

In the current work, we studied the distribu-
tion of LAB populations in traditional Egyptian 
yogurt and milk, and then tested whether or not 
LAB extracts could counteract C. albicans growth 
through inhibition of fungal growth as well as bio-
film formation. The selected strains could be prom-
ising in substituting synthetic preservatives in the 
preservation process of milk products.
Materials and Methods
Isolation of LAB strains

One hundred samples of traditional yogurt 
and milk were collected in sterile containers and 
transferred to the Medical biotechnology laborato-
ry of GEBRI, Egypt. The samples were tenfold di-
luted using 0.1% peptone water. In order to isolate 
LAB purified colonies, 100 μL of diluted samples 
were distributed over the surface of the De Man-Ro-
gosa-Sharpe (MRS; selective medium for LAB) 
agar plates. The plates were incubated at 37°C for 
3 consecutive days under anaerobic conditions [in 
anaerobe jar, Oxoid anaerogen compact] (Badis et 
al., 2004a). MRS agar plates with a count of 30-
300 CFU/plate were only considered as reported by 
Reasoner (2004). 

The suspicious colonies were tested using 
Gram staining, catalase reaction, and sugar utiliza-
tion test. The purified colonies were stored in MRS 
broth containing 20% glycerol at –20°C (Shape, 
1979; Badis et al., 2004b). All of these analyses 
comprised a presumptive LAB identification step.
Identification of LAB using MALDI-TOF MS 
Analysis

MALDI-TOF MS technique was used to 
quickly identify bacterial species by determining the 
molecular masses of proteins, many of which were 
ribosomal proteins. The analysis was performed on 
either whole cells or crude bacterial extracts. So, 
firstly, a standard protein extraction protocol was 
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carried out according to Freiwald and Sauer (2009). 
Approximately 20 colonies of each LAB isolate 
were suspended in 1.2 mL of 75% ethanol. After 
centrifugation (14,000 × g, 2 min, 4°C) and discard-
ing of the supernatant, proteins were extracted with 
50 μL acetonitrile/formic acid/water mixture by 
vortex for 1 min. The supernatant was then deposit-
ed in three wells of the sample plate at a volume of 
1 μL and dried at room temperature, and the sam-
ples were then overlaid with 1 μL of a saturated al-
pha-cyano-4-hydroxycinnamic acid solution in ace-
tonitrile:water:TFA (10 mg/mL; Bruker Daltonics, 
Germany). The MALDI-TOF mass spectra mea-
surements of protein samples were performed using 
a Bruker Biotyper 3.1 (Bruker Daltonics, Germany). 
External calibration of mass spectra was performed 
using Escherichia coli DH5 alpha protein standard 
peaks. Mass spectra were processed using MALDI 
Biotyper™ 3.1 software. MALDI-TOF MS profile 
spectra for bacterial identification were automati-
cally compared to the BioTyper reference library of 
MALDI-TOF mass spectra by MALDI Biotype™ 
3.1 software (Bruker Daltonics, Germany).
C. albicans isolates

Thirty clinical vegetative forms of resist-
ant C. albicans isolates were collected from a pri-
vate hospital in Alexandria (from the skin, vagina, 
respiratory, and gastrointestinal tract swabs) and 
sub-cultured on Sabouraud dextrose agar (SDA) 
medium. The isolates appeared morphologically as 
large-sized circular white colonies, and microscop-
ically as Gram-positive oval-shaped large-sized 
budding yeast cells (Ochei and Kolhatkar, 2000).

C. albicans microbial suspensions were pre-
pared in phosphate buffer saline solution (PBS) and 
adjusted visually as 0.5 McFarland standard. Mc-
Farland standard was used as a reference to adjust 
the turbidity of microbial suspensions to adjust the 
microbial semi-confluent growth (Fawole and Oso, 
1995).
Preparation of LAB extract 

The LAB cultures were collected at the ear-
ly stationary phase of growth (the total cell num-
bers were adjusted to 109 CFU/ml). The bacterial 
cultures were centrifuged at 10,000 rpm at 2°C for 
30 min and the culture supernatants were collected 
carefully and filtered through a 0.22 μm pore-size 
filter. The extracts were stored frozen at -80ºC till 
used (Atlas et al., 1995).
Antagonistic effect of LAB against C. albicans 

The LAB extracts were tested for their anti-
microbial activity by the agar well diffusion meth-

od against C. albicans (standard and 30 clinical 
isolated strains). Three wells (each 5 mm. in di-
ameter) were made into Muller-Hinton agar plates 
with a sterile cork borer. The previously prepared 
0.5 McFarland of C. albicans strains were used to 
plate the entire surface of Muller-Hinton agar using 
a sterile swab and the wells were loaded with 100 
μL of isolated bacterial extract (cell-free superna-
tants). Plates were incubated aerobically at 37ºC for 
24 hr., and the diameter of the inhibition zone was 
measured. 
Susceptibility test

Serial dilutions from LAB extracts were pre-
pared according to Reasoner (2004), and the MIC 
was determined according to the LAB supernatant 
lowest concentrations that completely inhibited 
candida growth (Atlas et al., 1995).
Quantitative assay of biofilm inhibition

To assess the effect of the LAB extracts on 
biofilm formation, the quantitative assay of biofilm 
formation was carried out according to Sheikh et al. 
(2001) with some modifications.   Briefly, 200 μL of 
a previously prepared overnight C. albicans culture 
in Sabouraud dextrose broth (SDB) was inoculated 
in 96-well flat-bottom microtiter polystyrene plates 
with 100 μL of the treatments (LAB extracts) or 
100 μ L SDB (as control). The blank wells were ad-
justed by adding 200 μL of SDB (without Candida) 
with 100 μL LAB extracts. The plates were incu-
bated overnight (18 h) at 37°C with shaking. The 
formed microbial biofilm was visualized by 0.5% 
crystal violet for 5 min. The biofilm was quantified 
in duplicate after adding 200 μL of 95% ethanol by 
ELISA plate reader at 570 nm. The inhibition per-
centage of LAB extracts was calculated according 
to the following equation (Atlas et al., 1995).

Inhibition percentage = (A - A1 / A0) × 100  
where A is the absorbance of the treatment 

group; A1 is the absorbance of the blank, and A0 is 
the absorbance of the control group.
Results 
Isolation and distribution of LAB

MALDI-TOF MS analysis indicated the pres-
ence of five different isolates that showed identifi-
cation congruency to Lactobacillus genus, namely, 
L. acidophilus, L. delbrueckii sub spp. bulgaricus, 
L. lactis, L. casei, and L. plantarum. Also, one 
isolate belonged to Bifidobacterium which was B. 
longum (Tables 1 and Table 2, Fig. 1). Regarding 
the distribution of LAB by genus, L. delbrueckii 
sub spp. bulgaricus was predominantly isolated in 
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the collected samples with a percentage of 22.70% 
(Table 3). The second one was Lactococcus and L. 
lactis that was only detected with a percentage of 
19.60 (Table 3).

Table 2. Results of sugar fermentation test for iso-
lated LAB (Forbes, 2007)

Characteristics
Isolates

1 2 3 4 5 6

Arabinose - - - - + +
Esculin + - - + - +
Fructose + + - + + +
Galactose + - - + + +
Glucose + - + + + +
Lactose + + + + + +
Mannose + - - + + +
Melezitose - - - + + +
Melibiose - - - + + +
Raffinose - - - + + +
Sorbitol - - - + - +
Sucrose + - - + + +
Xylose - - - + + +

According to MALDI-TOF analysis: 1) L. acidophilus; 
2) L. delbrueckii; 3) L. lactis; 4) L. casei; 5) B. longum;  
6) L. plantarum

Fig. 1. LAB isolates grown on MRS agar plates.  
A) L. acidophilus, B) L. delbrueckii sub spp. bulg-
aricus, C) L. lactis, D) L. casei, E) B. longum, F) L.  
plantarum.

Table 3. Distribution of the bacterial isolates among 
the whole bacterial population

Strains
Total 

(n=428)

No %

L. delbrueckii sub spp. bulgaricus 97 22.7

L. plantarum 91 21.3

L. lactis 84 19.6

L. casei 77 18.0

L. acidophilus 60 14.0

B. longum 19 4.4

The inhibitory effect of LAB strains against C. 
albicans

In the present study, the inhibitory activity 
of LAB against pathogenic vegetative forms of C. 
albicans was determined by agar-well diffusion 
method. The obtained results indicated that all LAB 
extracts possessed an inhibitory action against C. 
albicans (Table 4) and the highest inhibitory ef-
fect was recorded after L. plantarum treatment that 
showed inhibition zone diameter of 32.0 mm (with 
average mean of 22.80 ± 5.02). Also, B. longum 
was the second potent organism against C. albicans 
with 22.43 ± 4.33 mm average inhibition zone di-
ameter (Table 4, Fig. 2). 
MIC

Generally, it was found that the concentra-
tions of L. plantarum extracts at 10%, 20%, 30%, 
40% and 50% prepared from the original undilut-
ed cell free supernatant had no inhibitory effects 
on C. albicans isolates (where a clear growth was 
noticed) while the concentration of 60% led to a 

Table 1. Biochemical characteristics of isolated 
LAB

Characteristics*
Isolates

1 2 3 4 5 6
Gram stain reaction + + + + + +
Catalase activity - - - - - -
Glucose fermentation + + + + + +

NH3 from arginine - - - - - +

Growth at temperature (ºC)               

10 - - + - - +
15 - - + + - +
37 + + - - + +
45 + + - - + -

Growth in a medium with 
NaCl (%)    

2 + + + + + +
3 + - - + + +
4 + - - + - +

6.5 + - - - - -

Growth at pH                                       
4.5 + + - + - +
6.5 + + + + + +

Production of CO2 from Glucose - - - - - -
Citrate hydrolysis + - - - - +

(*) It was noted that the results of biochemical reactions 
for all the isolates of the six strains were considered by 
their means. According to MALDI-TOF analysis: 1) L. 
acidophilus; 2) L. delbrueckii; 3) L. lactis; 4) L. casei;  
5) B. longum; 6) L. lantarum
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minimal decrease in C. albicans growth (MIC). In 
addition, the results in Table 5 show that L. plantar-
um was the most powerful isolate possessing an in-
hibitory effect against C. albicans (62.67 ± 13.63). 
LAB activity against fungal biofilm formation

In addition to the inhibition of the vegetative 
form of pathogenic Candida spp., LAB extracts 

demonstrated activity by inhibiting the fungal bio-
film formation. Therefore, the quantitative assay of 
biofilm formation after LAB extract treatment (per-
centage of biofilm inhibition) was assessed using 
modified Sheikh et al. (2001) method. The obtained 
results indicated that the extracts of all isolated LAB 
exhibited an inhibitory action against C. albicans bi-
ofilm formation. Furthermore, L. plantarum and B. 
longum were the most powerful isolates with nearly 
similar inhibitory action against C. albicans biofilm 
formations with inhibition percentages of 67.33 ± 
23.68 and 67.30 ± 22.11, respectively (Table 6). 

Although L. delbrueckii sub spp. bulgaricus 
was the most common isolate in milk and yogurt, 
L. plantarum was the most powerful LAB isolate 
which exerted a growth inhibitory effect on the 
vegetative form as well as on the biofilm formation 
(22.80 ± 5.02 and 67.33 ± 23.68, respectively) of 
C. albicans. In other words, L. plantarum could be 
a promising candidate as anti-C. albicans with the 
highest inhibition zone (22.80 ± 5.02%), the high-
est MIC (62.67 ± 13.63%), and the highest biofilm 
inhibition (67.33 ± 23.68%). 

Fig 2. The inhibitory effect of LAB strains against 
C. albicans A) L. acidophilus, L. delbrueckii sub 
spp. bulgaricus with L. lactis and B) L. casei, B. 
longum and L. plantarum against C. albicans

Table 4. Comparison between the different studied LAB according to diameter of inhibition zone (mm.) 
resulting from the original extract (109 CFU/mL)**

Lactobacillus
L. lactis 
(n = 30)

L. casei 
(n = 30)

B. longum 
(n = 30)

L. 
plantarum 
(n = 30)

F pL. 
acidophilus 

(n = 30)

L. 
delbrueckii 

sub spp. 
bulgaricus 

(n = 30)
Diameter of 
inhibition zone 
(mm.)
Min. – Max.

11.0 –28.0 8.0 – 26.0 7.0 – 18.0
11.0 – 
29.0

14.0 – 
31.0

12.0 – 
32.0

29.727* <0.001*Mean ± SD. 19.67 ± 
5.08

18.47 ± 
5.22

10.03 ± 
2.54

18.33 ± 
5.10

22.43 ± 
4.33

22.80 ± 
5.02

p1 0.917 <0.001* 0.876 0.197 0.100
p2 <0.001* 1.000 0.014* 0.005*

p3 <0.001* <0.001* <0.001*

p4 0.010* 0.004*

p5 1.000
F: F test (ANOVA)
p1: p value for Post Hoc Test (Tukey) for comparing between acidophilus and each other group.
p2: p value for Post Hoc Test (Tukey) for comparing between delbrueckii sub spp. bulgaricus with L. lactis, L. casei, B. longum 
and L. plantarum.
p3: p value for Post Hoc Test (Tukey) for comparing between L. lactis with L. casei, B. longum and L. plantarum.
p4: p value for Post Hoc Test (Tukey) for comparing between L. casei with B. longum and L. plantarum.
p5: p value for Post Hoc Test (Tukey) for comparing between B. longum and L. plantarum.
*: Statistically significant at p ≤ 0.05.
**: Inhibition was considered positive when the width of the clear zone around the well was 0.5 mm. or more where; resistance 
was defined as the absence of a     growth inhibition zone around the well. (185)
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Table 5. Comparison between the different studied LAB according to MIC (%)
Lactobacillus

L. lactis 
(n = 30)

L. casei 
(n = 30)

B. longum 
(n = 30)

L. 
plantarum 
(n = 30)

F pL. acidophilus 
(n = 30)

L. 
delbrueckii 

sub spp. 
bulgaricus 

(n = 30)
MIC   (%)
Min. – Max.

50.0 – 100.0 50.0 – 100.0 90.0 – 100.0
30.0 – 
100.0

40.0 – 
90.0

40.0 – 90.0

36.773* <0.001*Mean ± SD.
75.67 ± 13.82

80.33 ± 
15.64

99.67 ± 1.83
91.0 ± 
11.25

67.0 ± 
14.89

62.67 ± 
13.63

p1 0.715 <0.001* 0.017* <0.001* 0.001*

p2 <0.001* <0.001* 0.002* 0.094
p3 0.094 <0.001* <0.001*

p4 <0.001* <0.001*

p5 0.775
F: F test (ANOVA)
p1: p value for Post Hoc Test (Tukey) for comparing between acidophilus and each other group.
p2: p value for Post Hoc Test (Tukey) for comparing between delbrueckii sub spp. bulgaricus with L. lactis, L. casei, B. longum 
and L. plantarum.
p3: p value for Post Hoc Test (Tukey) for comparing between L. lactis with L. casei, B. longum and L. plantarum.
p4: p value for Post Hoc Test (Tukey) for comparing between L. casei with B. longum and L. plantarum.
p5: p value for Post Hoc Test (Tukey) for comparing between B. longum and L. plantarum.
*: Statistically significant at p ≤ 0.05.

Table 6. Comparison between the different studied LAB according to percentage of biofilm inhibition 
resulting from the original extract

Lactobacillus
L. lactis 
(n = 30)

L. casei 
(n = 30)

B. longum 
(n = 30)

L. 
plantarum 
(n = 30)

F pL. acidophilus 
(n = 30)

L. delbrueckii 
sub spp. 

bulgaricus 
(n = 30)

Percentage 
of biofilm 
inhibition
Min. – Max.

11.80 – 91.20 6.20 – 92.20 9.70 – 66.70
12.70 – 
88.10

8.60 – 
96.20

14.20 – 
95.80

15.555* <0.001*Mean ± SD.
50.60 ± 21.04 46.98 ± 22.95

25.45 ± 
23.47

46.11 ± 
23.47

67.30 ± 
22.11

67.33 ± 
23.68

p1 0.967 <0.001 0.987 0.039* 0.038*

p2 0.004* 1.000 0.003* 0.003*

p3 0.002* <0.001* <0.001*

p4 0.005* 0.005*

p5 1.000
F: F test (ANOVA)
p1: p value for Post Hoc Test (Tukey) for comparing between acidophilus and each other group.
p2: p value for Post Hoc Test (Tukey) for comparing between delbrueckii sub spp. bulgaricus with L. lactis, L. casei, B. longum 
and L. plantarum.
p3: p value for Post Hoc Test (Tukey) for comparing between L. lactis with L. casei, B. longum and L. plantarum.
p4: p value for Post Hoc Test (Tukey) for comparing between L. casei with B. longum and L. plantarum.
p5: p value for Post Hoc Test (Tukey) for comparing between B. longum and L. plantarum.
*: Statistically significant at p ≤ 0.05
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Discussion
Today, LAB are in the focus of international 

research for their essential role in most fermented 
foods, for their abilities to produce various antimi-
crobial compounds promoting probiotic properties 
(Temmerman et al., 2002). The study examined 
the distribution of LAB strains in fermented prod-
ucts and tested their activities against fungal infec-
tions. Our results showed that Lactobacillus was 
the predominant microbial genus in milk and yo-
gurt samples with a percentage of 76.0%, with the 
same results recorded by Hamza et al. (2009), and 
Kebede (2007). They found that Lactobacillus spp. 
were the most dominant isolates among all isolated 
LAB in fermented foods with a percentage of up 
to 52.70%. This finding could confirm the selective 
ability of the MRS medium for Lactobacilli spp. 
with a percentage of 92.0% and less than 10% for 
other genera (Florez et al., 2006; Abd El Gawad 
et al., 2010). Furthermore, L. delbrueckii sub spp. 
bulgaricus was the second most commonly isolat-
ed organism with 22.70% followed by Lactococcus 
which coincides with the results reported by Abd El 
Gawad et al. (2010) and El Soda et al. (2003). Both 
groups found that organism to be the most com-
monly isolated one among all isolated LAB (40.0% 
and 25.0%, respectively). In contrast, Gomes et al. 
(2010) did not detect L. delbrueckii sub spp. bul-
garicus among all LAB isolates. Such differences 
might be due to the different locations where they 
were isolated, the environmental conditions, and/or 
the different milk and yogurt preparation processes 
(starter nature and its quantity, temperature applied, 
type and structure of used containers, use of differ-
ent preservatives, and steps of packaging process). 

In addition to its distribution in fermented 
food products, the activity of the isolated LAB 
against C. albicans was tested. The obtained results 
indicated that the extracts of all isolated organisms 
possessed an inhibitory action against C. albicans, 
and L. plantarum was the most potent one. The 
inhibitory action of lactic acid bacteria against C. 
albicans could be due to their ability to produce dif-
ferent substances [organic acids (lactic, acetic, and 
propionic acids), H2O2, and CO2 as well as nisin] 
with antimicrobial effects against both bacterial 
and fungal infections. Furthermore, LAB can in-
hibit harmful microorganisms with their arsenal or 
through a competitive exclusion mechanism based 
on competition for binding sites and nutrients in 
addition to forming pores and killing the cells af-
ter causing lethal damage and autolysin activation 
to digest the microbial cellular wall (Galvez et al., 

1990; Vieco-Saiz et al., 2019). This inhibitory ef-
fect was enhanced in MRS broth as MRS broth is 
a better stimulator for antimicrobial products pro-
duced by LAB than MRS (Fang et al., 1996; Kub-
ba, 2006). 

The anti-Candida effects of Lactobacillus 
have also been investigated in several in vitro stud-
ies of hyphae formation and biofilms. Orsi et al. 
(2014) verified that the crude filtrate supernatant 
fluids (CFSFs) from L. acidophilus ATCC 314, L. 
rhamnosus ATCC 7469, L. plantarum ATCC 8014, 
and L. reuteri ATCC 55730 were able to affect both 
C. albicans hyphal formation and biofilm develop-
ment. The second potent isolated organism against 
C. albicans was B. longum, with an inhibition zone 
diameter of 22.43 ± 4.33. The same results were 
reported by Tang et al. (2006), and Georgieva et 
al. (2015), where B. longum was the second most 
powerful isolated organism with fungicidal activity 
against C. albicans, showing an average inhibition 
zone diameter of 23.0 mm and 25.0 mm, respec-
tively. 

Furthermore, our results showed that L. plan-
tarum cell-free supernatant at a concentration of 
60% led to a minimal and sharp decrease in C. al-
bicans growth (MIC) and these results agree with 
a previous work by Al Askari et al. (2012) and 
Oluwafemi and Adetunji (2011), where they found 
that the supernatant MIC of the strongest isolated 
organism against C. albicans growth was L. plan-
tarum (61.50% and 63.70%, respectively). In ad-
dition to the vegetative form of pathogenic Candi-
da spp., they were also considered with increasing 
concern as causative agents of fungal biofilm-relat-
ed infections (Crump and Collignon, 2000; Kojic 
and Darouiche, 2004).

In addition to LAB antimicrobial activities 
and capability of interfering with pathogen adhesion 
to epithelial cells of the urogenital and intestinal 
tracts, Lactobacilli have long been known for their 
anti-biofilm production (Hawthorn and Reid, 1990; 
Reid and Bruce, 1998; 2003; Rodrigues and Mei, 
2004; Rodrigues et al., 2006; James et al., 2016; 
Parolin et al., 2021). Our results confirmed that L. 
plantarum and B. longum were the most powerful 
isolated microorganisms against C. albicans biofilm 
with a percentage of inhibition 67.33 ± 23.68 and 
67.30 ± 22.11, respectively. The same results were 
recorded by Free et al. (2000), and Rodrigues and 
Mei (2004), who reported that the percentage of in-
hibition of C. albicans biofilm using L. plantarum 
extract reached 82.30 and 65.90, respectively, and 
81.40 and 61.60, respectively, when using B. long-
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um extract. This effect could be explained by the 
fact that L. plantarum may also have molecules that 
inhibit the adhesion of C. albicans to solid surfaces. 
Also, this effect could be attributed to the secretion 
of biosurfactants and exometabolites in the L. plan-
tarum supernatant, which accounts for the reduc-
tion in the hydrophobicity of surface substratum by 
interfering with microbial adhesion and desorption 
processes (Rodrigues et al., 2006). Furthermore, 
this inhibition could be due to the interference of 
bioactive components in LAB extracts which inter-
rupt the cell-to-cell communication of C. albicans 
(Quorum sensing). The quorum sensing is briefly 
acting through the sensing molecules: farnesol and 
tyrosol, one of them (farnesol) acting as an inhibi-
tor of the morphological transition from vegetative 
cells to sessile cells (hyphae). Another suggestion 
is the possible interruption of cell adherence on 
which the LAB extract might act as a modifier for 
the hydrophobicity of the surface, subsequently in-
terfering in the Candida adhesion and desorption 
(Rodrigues and Banat, 2006). Hence, it is likely 
that the nature of the interaction of L. plantarum 
supernatant with biofilms could be physiochemical. 
It can be assumed that the secretory component of 
L. plantarum supernatant might have modified the 
surface energies of the microorganisms and inhibit-
ed complex biofilm formation by preventing micro-
bial co-aggregation (Ceresa et al., 2015).
Conclusion

In conclusion, the results of the present study 
indicate that L. plantarum supernatant is able to in-
hibit C. albicans growth and its biofilms. This idea 
introduced an easy option to use probiotics as an 
effective therapy for the local treatment of Candi-
diasis, which would prevent the spread of the fun-
gus. At the same time, this current therapy has to 
be free of adverse effects. If proven feasible, pro-
biotic-based anti-biofilm strategies will be highly 
useful to treat fungal biofilm infections,
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Abstract

Serial passages of herpes simplex virus type 1 (HSV-1), strain Victoria, and type 2 (HSV-2), strain 
Bja, in MDBK cell monolayer and suspension cultures resulted in high viral titer in vitro and enhanced viral 
virulence in vivo in newborn white mice. The infectious viral titer in MDBK cells was found to correlate 
with viral virulence (LD50) among infected newborn mice. For example, the 4th passage of HSV-1 in MDBK 
suspension cell culture with a titer of 107.5 TCID50/ml caused an infection in newborn mice with a titer of 
107.65 LD50/0.02 ml, while the 6th passage of HSV-2 in monolayer cultures with a titer of 107.5 TCID50/ml 
inoculated into newborn mice had a titer of 107.22 LD50/0.02 ml. The viral titer determined by the neutral red 
(NR) colorimetric method was distinctly lower (Dlog10=3) than the titer determined by microscopic read-
out of the cytopathic effect (CPE) observed in the virus-infected monolayer.
Keywords: herpes simplex virus type 1, herpes simplex virus type 2, viral titer, newborn mice
Резюме 

Серийни пасажи на херпес симплекс вирус тип 1 (HSV-1), щам Victoria, и тип 2 (HSV-2), 
щам Bja, в монослойни и суспенсионни култури на клетки MDBK доведоха до високи стойности 
на вирусния титър in vitro и до увеличена вирулентност на вирусите in vivo при новородени бели 
мишки. Установена бе корелация между стойностите на вирусния инфекциозен титър в клетки 
MDBK и вирулентността (леталитета в LD50) на вируса сред инфектираните новородени мишки. 
Така например, 4-ти пасаж на HSV-1 в суспенсионна култура на клетки МDBK с титър 107.5 TCID50/
ml доведе до инфекция в новородени мишки с титър 107.65 LD50/0.02 ml, a 6-ти пасаж на HSV-2, 
в монослойни култури с титър 107.5 TCID50/ml,  инокулиран в новородени мишки бе с титър 107.22 

LD50/0.02 ml. Вирусният титър отчетен по колориметричен метод с неутрално червено (NR) бе 
отчетливо по-нисък (Dlog10=3) от титъра определен чрез микроскопско отчитане на цитопатичния 
ефект (ЦПЕ) наблюдаван в поразения от вируса монослой.

* Corresponding author: galabov@microbio.bas.bg

Introduction
Herpes simplex viruses (HSVs) are ubiquitous 

and known since ancient times. They often infect 
humans, causing a number of diseases from mild 
uncomplicated mucosal infections to life-threat-
ening conditions. Herpesviruses HSV type 1 and 
HSV type 2 are the causative agents of herpes sim-
plex, a disease with multiple manifestations and a 
significant place in the infectious pathology in hu-
mans. The most serious are encephalitis, with se-
vere, mainly mental, consequences (Whitley, 2006; 
Quist-Paulsen et al., 2019; Mendez, 2021), and ker-
atitis, considered to be the main cause of blindness 
(Farooq ans Shukla, 2012; Azher et al., 2017).

Experimental animal in vivo models are par-
ticularly important in intensive studies of herpes  

 
simplex viruses. Their adequacy allows the study of 
the pathogenesis of diseases with pronounced neu-
rotropism and interaction with the immune system, 
as well as the development of antiviral agents - in-
hibitors of viral replication and modifiers of biolog-
ical response. Studies in the latter area have proven 
to be in general at the forefront of the development 
of viral infections’ chemotherapy. It is known that 
William Prusoff laid the foundations in that field 
with his research on the first antiviral agent -5’-de-
oxyuridine - for the treatment of herpes keratitis 
(1959), and Gertrude Elion received the Nobel 
Prize in Physiology/Medicine in 1988 for her dis-
covery of acycloguanosine (ASG), the most effec-
tive medication against herpes simplex (1982).
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In stark contrast to the wide range of 
HSV-1/2-sensitive cell cultures that make possible 
a variety of studies of these viruses, including their 
molecular biology and genetics, the scope of in vivo 
experimental models is quite limited. It includes 
encephalitis in mice by intracerebral, intranasal and 
intracaudal inoculation of HSV-1/2 (Barrón and 
Vela, 1995), dermatitis by subcutaneous injection 
in adult mice (Galabov et al., 1982; Mastikova et 
al., 2019), intrauterine infection with HSV-2 in 
guinea pigs (Stanberry et al., 1982), and keratitis 
by inoculation into rabbit eye (Webre et al., 2012; 
Courrier et al., 2020). All these models have a spe-
cial place in the experimental chemotherapy of her-
pes simplex.

The availability of a wide variety of rele-
vant biological models greatly facilitates the un-
derstanding of the role played by tissue tropism in 
the pathogenesis of HSV-1/2 infections (Kollias 
et al., 2015). Intracerebral inoculation of newborn 
mice allows the direct study of the pathogenetic 
and physiological manifestations of herpes viruses 
on the brain due to the fact that acute viral infec-
tion accumulates rapidly in the CNS without being 
hampered by the animal’s immune system.

The present study - a stage in the develop-
ment of an in vivo model in antiviral drug investi-
gations, is devoted to the preparation of laboratory 
strains of HSV-1 and HCV-2 with enhanced viru-
lence. For that purpose, sequential passages of the 
viruses in monolayer and suspension cell cultures 
were followed by titration in newborn mice under 
strict virulence control. 
Materials and Methods 
Cells

In vitro experiments were conducted using 
the Madin-Darby Bovine Kidney (MDBK) cell 
line, obtained from the National Bank for Industri-
al Microorganisms and Cell Cultures (NBMPMC), 
Sofia. The cells (2x105/ml) were cultivated on Dul-
becco’s Modified Eagle’s Medium (DMEM) con-
taining 10% fetal bovine serum (FBS) (Gibco BRL, 
USA), 10 mM HEPES buffer (Merck, Germany), 
and antibiotics (penicillin 100 IU/ml and strepto-
mycin 100 µg/ml) at 37°C and 5% CO2 in a HERA 
Cell 150 thermostat (Heraeus, Germany).
Viruses 

HSV-1, strain Victoria, and HSV-2, strain 
Bja, provided by Prof. Stefan Dundarov, National 
Centre for Infectious and Parasitic Diseases, Sofia, 
were used in this study.

Experimental animals
Newborn white mice of random-bred ICR 

line, provided by the Laboratory Animal Breeding 
and Experimental Facility at the Bulgarian Acade-
my of Sciences, Slivnitsa, were used. This experi-
mental model was first used by the National Cancer 
Institute (Fox Chase Cancer Center, Pennsylvania, 
USA) by T. S. Hauschka (1948).

During the studies, the animals were housed 
at a temperature of 21–26°C, under a 12-hour light/
dark cycle, mothers receiving ad lib access to food 
and water. All experimental procedures were per-
formed in accordance with the national require-
ments for animal experiments in compliance with 
Council Directives 86/609/EEC.
Virus passaging in MDBK cells

HSV-1 and HSV-2 were sequentially pas-
saged in parallel 10 times in monolayer and sus-
pension cultures of MDBK cells in 6-well plates 
(CELLSTAR®, Frickenhausen, Germany). The 
maintenance medium was similar to the growth 
medium - DMEM with 0.5% FBS. In the passaging 
in monolayer cultures, two 6-well plates were used 
for each passage, one for cell control and one for vi-
ral inoculation. The cell monolayers were obtained 
after incubation for 24 h at 37°C and 5% CO2 per 
2.5 ml of cell suspension. The resulting monolay-
ers were inoculated with 200 μl of undiluted virus 
suspension by 60-min adsorption at 37°C followed 
by the addition of 2.5 ml of growth maintenance 
medium (0.5% FBS in DMEM). The plates were 
incubated for 48 h at 37°C.

Passages in the suspension culture were per-
formed by inoculating the suspension with 200 μl 
of undiluted virus suspension immediately after the 
cells were added to the well, followed by 48-h in-
cubation. 

For each subsequent passage, the virus ob-
tained from the previous passage was used. After 
48 h of incubation, the viruses from monolayer and 
suspension cell culture were collected and distrib-
uted in aliquots (Eppendorf Tubes®) and frozen at 
-20°C.
Determination of infectious viral titer

Infectious titer assay was performed in 
MDBK cell cultures in 96-well plates (CELL-
STAR®, Frickenhausen, Germany) in monolayers 
formed 24 h after inoculation with 100 μl of cell 
suspension. Cells were inoculated with 100 μl/well 
from 10-fold viral dilutions (4 wells per dilution). 
After 60 min of adsorption, the unabsorbed virus 
was removed, 0.5% DMEM maintenance medium 
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was added, and the plates were incubated for 72 h 
at 37°C.

The viral titer was calculated using the Reed-
Muench (1938) endpoint dilution method, and the 
cytopathogenic effect (CPE) was observed under an 
inverted microscope at the 24th, 48th and 72nd h us-
ing the four-cross system. At the 72nd h after infec-
tion, CPE was also evaluated by colorimetric stain-
ing of viable cells with neutral red (neutral red, NR; 
3-amino-7-dimethylamino-2-methyl-phenazine hy-
drochloride) (Sigma-Aldrich Chemis Gmbh, Stein-
heim, Germany) (Borenfreund and Puerner, 1985; 
Barnard et al., 1997). NR 100 µl was added to each 
well after pouring out the maintenance medium 
and washing with 150 µl free of Ca2 + and Mg2+ 
PBS. The stained samples were incubated for 3 h 
at 37°C, washed with PBS and treated with 100 μl 
of extraction solution (1% glacial acetic acid, 50% 
ethanol and 49% distilled water). After shaking the 
plates for 5 minutes, optical density (OP) was read 
using an ELISA Teknika Reader spectrophotome-
ter (Organon, Germany) at a wavelength of 540 nm 
with a reference filter of 620 nm. Cell survival was 
calculated as a percentage (%) against a cell control 
according to the formula:
% cell survival = (viable cell number /  
viable cell number in the control) x 100
HSV-1 and HSV-2 infection in newborn white mice

Newborn mice were inoculated intracerebral-
ly with the respective HSV-1 or HSV-2 virus up to 
24 h after birth with 0.02 ml/mouse of each viral di-
lution (10-1-10-8) of some of the in vitro passages (in 
monolayer and suspension cell cultures). The new-
born mice, divided into groups for each dilution 
(minimum 4 animals per group), were inoculated 
intracerebrally with 0.02 ml of cell-culture infec-
tious material, while control mice were inoculated 
with saline. The animals were monitored daily for 
10 days for clinical manifestations, and their body 
weights were measured. Virulence was determined 
on the basis of lethality - 50% lethal dose (LD50), 
calculated using Kärber’s method (1931) and the 
mean survival time.
Results
CPE-based infectious titers of HSV-1 and HSV-2 
passaged in MDBK cells

Sequential passages of HSV-1 and HSV-2 
in MDBK cell monolayer and suspension cultures 
resulted in a marked (exponential) increase in the 
viral infectious titer determined by the CPE-based 
endpoint dilution method (Table 1).

Table 1. Virus infectious titer at passages of HSV-
1 and HSV-2 in monolayer ans suspension cul-
tures of MDBK cells – titer of the stock virus 102.5 

TCID50/ml 

Passage 
No.

TCID50/ml
passages of HSV-1 passages of HSV-2

monlayer 
cultures

suspension 
cultures

monlayer 
cultures

suspension 
cultures

I 6.5 6.5 6.5 6.5
II 7.5 7.5 6.5 6.5
III 7.5 7.5 6.5 7.5
IV 7.5 7.5 6.5 7.5
V 7.5 7.5 7.5 7.5
VI 7.5 7.5 7.5 7.5
VII 7.5 7.5 7.5 7.5
VIII 7.5 7.5 7.5 7.5
IX 7.5 7.5 7.5 7.5
X 7.5 7.5 6.7 7.5

The viral infectious titers given show 
that while multiple passages of HSV-1 and HSV-
2 in monolayer and suspension cultures do not 
determine the exponentially increasing viral titer 
with each subsequent passage, they apparently lead 
to stronger adaptation of the virus to the host cell and 
enhancement of its virulence. The latter proposition 
is based on numerical values (not illustrated) 
obtained after microscopic analysis and viral titers 
calculated by the Reed-Muench endpoint-dilution 
method, which indicated that both herpes viruses 
were able to induce CPE at high dilutions of the 
viral suspension, but TCID50/ml values remained 
similar during passaging.
Cytopathogenicity of HSV-1 and HSV-2 passaged 
in MDBK cells determined by the neutral red (NR) 
colorimetric method   

For better accuracy in the calculation of 
TCID50/ml by the CPE-based endpoint-dilution 
method, colorimetric determination of the titrated 
HSV-1 and HSV-2 samples was performed (Fig. 1a, 
b, and Fig. 2a, b). 

The change in sample color occurring after 
the addition of NR was proportional to the number 
of viable cells in each well. Cellular controls were 
assumed to maintain a 100% viable confluent 
monolayer. This allowed a comparative calculation 
of the percentage of viable cells in all other samples 
(wells) at each dilution. Using the data obtained 
from the microplate reader (ELISA reader), the 
quantitative live cell parameter in part of the 
passages was determined (4th passage of HSV-1 and 
6th passage of HSV-2). 

Based on the values obtained, a graph was 
plotted showing the viable cell percentages ver-
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sus different dilutions of the virus (Fig. 3a, b). 
Undiluted viral controls (stock) of each of the in-
fectious passages showed ~100% cell mortality. 
With the increase in virus dilution, the percentage 
of viable cells increased as the infectious inoculum 
decreased. These data are supported by the micro-
scopic observations described in the previous sec-
tion. The differences between the numerical values 
in the calculation of the viral infectious titer based 
on the microscopically evaluated CPE and the 
Reed-Muench endpoint dilution method, and the 
NR colorimetric method are based on the inabili-
ty of the ELISA reader to distinguish healthy cells 
from infected ones. This is so because absorption or 
the amount of light lost (absorbed) during the read-
out of the stained plaques by the ELISA reader is 
also absorbed by the infected but still unlysed cells. 

Figures 1a, b, 2a, b show the enhanced cy-
topathogenicity of HSV-1 and HSV-2 passages in 
MDBK cell suspension and monolayer cultures. 
The infectious titer for each passage is shown on the 
graphs immediately after each exponential increase. 

Fig. 3a shows the percentage of viable 
cells at the 72nd h after inoculation of the conflu-
ent monolayer at the 4th passage HSV-1 in MDBK 
cell monolayer cultures for all viral dilutions  
(10-1-10-8).

Fig. 3. Cell growing curves, illustrating the per-
centage quantity of living cells in the samples a) 
passage HSV-1; b) passage HSV-2

Fig. 1. Evaluation of virus titer of the HSV-1 passages in MDBK cultures by the colorimetric method with 
NR: a) suspension cultures; b) monolayer cultures

Fig. 2. Evaluation of virus titer of the HSV-2 passages in MDBK cultures by the colorimetric method with 
NR: a) suspension cultures; b) monolayer cultures
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Figure 3b illustrates the percentage of viable 
cells at each dilution (10-1-10-8) at the 6th passage 
of HSV-2 in MDBK cell suspension cultures at the 
72nd h after inoculation of the confluent monolayer.
Determination of neurovirulence of HSV-1 and 
HSV-2 in neonatal mice after passaging in MDBK 
cell cultures

Immediately after serial passaging of HSV-
1 strain Victoria and HCV-2 strain Bja in MDBK 
cells, an in vivo experimental study was carried out 
on newborn mice, aiming to determine the viral in-
fectious titer of two of the newly acquired infectious 
passages - HSV-1 4th passage in monolayer culture, 
and HSV-2 6th passage in suspension culture. These 
viral passages in vitro were selected on the basis 
of data (numerical values) obtained by the Reed-
Muench endpoint dilution method with microscop-
ic examination of CPE. Ten-fold viral dilutions for 
in vivo experiments included groups of animals for 
the 10-1 to 10-9 range. Newborn mice were inoculat-
ed intracerebrally with each of the viral dilutions in 

a volume of 0.02 ml/mouse. Lethality and survival 
days of each inoculated mouse were monitored be-
tween the 1st and 10th day after inoculation. Viru-
lence was determined in 50% mouse lethal doses 
(MLD50) calculated by the Kärber method (1931).

The results showed that lethality among in-
fected newborn mice correlated with the virus in-
fectious titer data read for the passages in the cell 
cultures. As shown in Tables 2a and 2b, all mice in-
oculated with initial viral material and ten-fold di-
lutions from 10-1 to 10-4 of HSV-1 (4th passage) and 
HSV-2 (6th passage) died (100% mortality rate). 
Survival at lower dilutions increased, with surviv-
ing neonatal mice in all groups of animals for dilu-
tions of 10-5 for HSV-1, and for dilutions from 10-6 
to 10-9 for both viruses. Figures 4a, and 4b show the 
daily survival of the animals for each passage (4th 
passage for HSV-1 and 6th passage for HSV-2).

Repeated passaging of HSV-1 and HSV-2 in 
cell cultures favours increase in pathogenic viru-
lence in vivo. The results obtained after the in vivo 

Table 2а. Lethality of newborn mice, evaluated by the method of Kärber, infected by HSV-1 of IV-th passage 
in MDCK cells

Virus dilution Total mice number Ratio living/total number Mean survival time Lethality
(%)

Stock 10 0:10 2.4 100.0
-1 11 0:11 3.4 100.0
-2 12 0:12 3.4 100.0
-3 10 0:10 3.3 100.0
-4 20 0:20 3.25 100.0
-5 23 1:23 >3.3     95.6
-6 17 2:17 >5.2     88.2
-7 13 1:13 >4.7     92.3
-8 14 10:14 >8.7     28.6
-9  9  8:9 >9.7      11.1

Lethality determined by Kärber attained 107.65LD50/0.02 ml.

Table 2b. Lethality evaluated by Kärber in newborn mice, infected with, HSV-2 VIth in MDBK cells
Virus dilution Total mice number Ratio living/total number Mean survival time Lethality

(%)
Stock 9 0:9 2.6 100.0

-1 6 0:6 3.5 100.0
-2 5 0:5 2.8 100.0
-3 6 0:6 3.8 100.0
-4 17 0:17 2.4 100.0
-5   16 0:16 3.5 100.0
-6 33 5:33            >4.2     84.9
-7 21 10:21            >6.6     52.4
-8 11 9:11            >9.2    18.2
-9 18 15:18            >9.2       16.7

Lethality determined by Kärber attained 107.22LD50/0.02 ml.
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experiments show that serial passaging in cell cul-
tures resulted in viral strains with increased viru-
lence. Moreover, the aggressiveness of the infec-
tious agents to the experimental models increased, 
which in turn led to an increase in lethality.

Figures 4a and 4b illustrate the survival rate 
of newborn mice after viral inoculation. Graphs 
were plotted with the numerical values in Table 2a, 
b taken into account. The linear curves illustrate the 
ratio between the total number of animals in the re-
spective group corresponding to one dilution and 
the number of neonatal deaths in relation to the day 
of recorded death.

Discussion
The present study showed that serial passag-

ing of laboratory strains HSV-1 Victoria and HSV-
2 Bja in pathogen-sensitive MDBK cells favoured 
the production of herpes simplex virus strains with 
increased virulence in vivo. According to Sirotkin 
and Sirotkin (2020) while studying the emergence 
of SARS-CoV-2, serial passaging is very similar 
to the natural processes occurring during viral in-
fection in living organisms outside the laboratory 
environment, as sequential passaging of infectious 
agents artificially recreates their spread over a short 
period of time. Another study (Wei et al., 2014) 
found an increase in the pathogenicity and spread 
of influenza A virus as a result of serial passages 
of the virus in pigs. The authors reported that se-
quential passaging of the pathogen led to changes 
in viral characteristics, including enhanced repli-
cation and increased polymerase activity in vitro; 
increased pathogenicity in vivo - in pigs and in fer-
rets, and increasing transmissibility, ensuring effec-
tive transmission of the infection.

The present study revealed the main charac-
teristics of viral infectious titer determination in vi-
tro in TCID50 using the endpoint dilution method by 
microscopic evaluation of CPE and 50% mortality 
in mouse models in vivo. In addition, a colorimet-

ric-based analysis was performed to quantify the vi-
able cells in the samples and the viral titer of newly 
produced HSV-1 and HSV-2 progeny. A statistically 
significant difference was found (of approximately 
3 logs10) between the TCID50/ml value obtained by 
microscopic CPE evaluation by the Reed-Muench 
method (1938) and the value obtained by the neu-
tral red colometric method (Borenfreund and Puer-
ner, 1985; Barnard et al., 1997). As noted above, 
titration in newborn mice performed by the Kärber 
(1931) method, expressed in LD50, with the two 
viral passages newly produced in MDBK cell cul-
tures, showed correlations with the titrations per-
formed in cell cultures in vitro. 

In a publication providing a detailed protocol 
about the analysis based on the application of the 
neutral red colorimetric method to assess cell via-
bility, the authors (Repeto et al., 2008) explain that 
dye absorption is subject to the ability of the individ-
ual cell to maintain a strictly regulated pH gradient 
through the production of ATP. Taking advantage 
of the physiologically maintained hydrogen index 
of the cell, the NR dye, having a net charge close 
to zero, allows it to penetrate the cell membrane. 
Maintaining lower pH values inside lysosomes than 
maintaining higher ones in the cell cytoplasm is a 
two-way process strongly related to the proton gra-
dient within the organelles themselves. This in turn 
allows the weak cationic dye to penetrate the cell 
membrane by non-ionic passive diffusion and load 
into the cellular lysosomes by binding electrostat-
ic hydrophobic bonds to anionic and/or phosphate 
groups of the lysosomal matrix. On the other hand, 
due to the decrease in the gradient of the hydro-
gen index resulting from cell death, the dye cannot 
remain in the cell. The disadvantage of the colori-
metric method, identified during our experimental 
work, is based on the fact that the ELISA Teknika 
Reader spectrophotometer is unable to distinguish a 
living non-infected cell from a living infected cell. 

Fig. 4. Surviving percentage of (a) newborn mice towards virus dilutions at HSV-1 IVth passage;  
(b) in vivo models towards virus dilutions at HSV-2 VIth
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The pathogenetic strategy of all viruses is based on 
the exploitation of the physiological systems of liv-
ing cells (Walsh and Mohr, 2011). For future infec-
tious progeny to be produced, the viability of host 
cells must be preserved. Only after the new mature 
viral generation has been created can the cell be de-
stroyed, and the new viral particles released into the 
intercellular space are able to infect the remaining 
cells. It is for this reason that the present study es-
tablished that the methods of microscopic observa-
tion of the cytopathic effect induced by HSV-1 and 
HSV-2 are more accurate in determining the viral 
infectious titer.

Both methods used for the purposes of this 
study, showing the endpoint viral dilution that de-
termines the viral infectious titer in vitro, in cell 
cultures, and in vivo, in newborn mice, are stand-
ard approaches based on titration analyses of vi-
ral samples by means of the common logarithm 
with base 10 (log10) (Pourianfar et al., 2012). The 
in vivo studies in the present work were based on 
intracerebral inoculation of newborn mice during 
the 24-h postnatal period. Titration performed on 
mouse models showed correlations with the results 
obtained after viral titration in vitro in cell cultures. 
This in turn demonstrates that serial passaging of 
laboratory strains HSV-1 and HSV-2 into cell cul-
tures could increase virus virulence for the animal 
host as well. Beswick (2009) of Cambridge Uni-
versity expressed the view that titration in newborn 
mice is a virological approach hampered by many 
difficulties, such as maternal cannibalism. Never-
theless, for the purposes of the present study, the 
newborn mouse model was used because effector 
responses of innate and adaptive immunity differ 
in their strength in neonates compared to adult ani-
mals. This proposition, in turn, places newborns in 
the group of organisms resistant to the development 
of life-threatening infections. Furthermore, experi-
mental models used during in vivo laboratory work 
with HSVs diseases have also shown increased vul-
nerability in newborn animals (Kollias et al., 2014).
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Abstract

Studied is the antibacterial activity of methanol extracts and acetone exudates from the Bulgarian 
plants Achillea clypeolata, Artemisia annua, A. campestris, A. santonicum, A.  lerchiana, Micromeria dal-
matica, Origanum vulgare subsp. hitrum, Salvia sclarea, Salvia officinalis, Tanacetum parthenium, and 
Thymus yankae on the model pathogenic bacteria Pseudomonas aeruginosa, Escherichia coli, and Bacillus 
subtilis. Results from the experiments show that both, the methanol extracts and the acetone exudates re-
veal predominantly bactericidal activity. It was concluded that they can be used for generaion of novel and 
effective antimicrobials.
Keywords: antibacterial activity, methanol extract, acetone exudate, Bulgarian plants, Pseudomonas aeru-
ginosa, Escherichia coli, Bacillus subtilis
Резюме

Изследвана е антибактериалната активност на метанолови екстракти и ацетонови ексудати от 
българските растения Achillea clypeolata, Artemisia annua, A. campestris, A. santonicum, A. lerchiana, 
Micromeria dalmatica, Origanum vulgare subsp. hitrum, Salvia sclarea, Salvia officinalis, Tanacetum 
parthenium and Thymus yankae върху трите моделни щама патогенни бактерии Pseudomonas aeru-
ginosa, Еscherichia coli и Bacillus subtilis. Получените резултати показват, че както метаноловите 
екстракти, така и ацетоновите ексудати имат изразена предимно бактерицидна активност. Направен 
е извод, че те биха могли да представляват интерес за създаването на нови и ефективни препарати 
с антибактериална активност.

* Corresponding author: blaga@microbio.bas.bg

Introduction
The growing number of pathogenic micro-

organisms resistant to conventional antibiotics and 
antimicrobial drug therapy is an increasingly seri-
ous health problem. In recent years significant ef-
forts are focused on prospecting new effective ther-
apeutics to deal with multidrug-resistant pathogens. 
Researchers are now looking for new natural com-
pounds with antibacterial activity or focusing their 
efforts on the synthesis of derivatives of the already 
known pharmacophores (Tsirogianni et al., 2021). 
In this, the pharmaceutical products used today are 
either plant-derived natural products or their deriv-
atives (Vuong, 2021).

Bulgarian flora is famous for its richness of 
species with medicinal properties. Some of them 
are used for years and are approved by official med-
icine, others have limited use by local populations. 
However, a large part of plant diversity remains not 

studied enough despite the intensive and continu-
ous search for new sources of bioactive substances 
to conquer infectious diseases and antimicrobial 
resistance (Ríos and Recio, 2005). Among medic-
inal plants, the large family of Asteraceae is rich 
in species with proven strong antibacterial activity 
(Chiavari-Frederico et al., 2020; Trinh et al., 2020).

In the present study, unexplored species tax-
onomically closed to plants with proven antimi-
crobial activity from Asteraceae were selected for 
testing their antimicrobial activity. Two types of ex-
tracts from the selected species were tested, acetone 
exudates which are rich in non-polar compounds, 
and methanol extracts, which contain mostly polar 
ones. Results obtained in the study were discussed 
from the point of view of the type of action of the 
tested extracts as antibacterial agents (bacteriostat-
ic or bacteriocidic) against three model Gram (+) 
and Gram (-) pathogenic bacteria: Bacillus subtilis 
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(adopted as a model organism for pathogenic mi-
crobes such as Staphylococcus aureus for labora-
tory studies), Pseudomonas aeruginosa (important 
opportunistic pathogen, highly resistant to a large 
number antimicrobials), Escherichia coli (inhabits 
the gastrointestinal tract of humans and causes in 
some circumstances severe gastro-intestinal or uri-
nary infections).
Materials and Methods
Microorganisms

The strains P. aeruginosa NBIMCC 1390, E. 
coli K12, and B. subtilis 168 (Culture Collection of 
Institute of Microbiology) were used in this study. 
The cultures were maintained at 4ºC on Bacto agar 
(Difco) slants and were transferred monthly.
Culture Media and Growth Conditions

The bacterial strains were grown overnight in 
Mueller Hinton Broth (MHB) (HiMedia), at 37°C 
with agitation at 200 rpm.
Preparation of the standardized inoculum

The inocula were prepared in accordance 
with the Clinical Laboratory Standards Institute 
recommendation. The OD600 value was adjusted to 
the equivalent of 108 CFU ml−1. The viability graph 
was used to calculate the actual number of colo-
ny-forming units for each microorganism.
Plant material and preparation of the extracts and 
exudates

Plant material was collected from natural lo-
calities of the studied species (Achillea clypeolata 
Sm., A. annua L., A. campestris L., A. santonicum 
L., A. lerchiana L., Micromeria dalmatica Benth., 
Origanum vulgare subsp. hitrum Ietswaart., S. 
sclarea L., Salvia officinalis L., Tanacetum parthe-
nium (L.) Sch. Bip. and Thymus yankae L.).

To obtain methanol extracts the air-dried 
powdered plant material was extracted with meth-
anol for 24 hours at room temperature. After filtra-
tion, the organic solution was evaporated, and the 
dry extract was stored at 4°C.

To obtain acetone exudates the air-dried plant 
material (not powdered) was rinsed for 10 min 
with acetone at room temperature to dissolve the 
lipophilic components accumulated on the surface. 
After evaporation of the acetone, the residues were 
subjected to further analysis.
Gas chromatography-Mass spectrometry (GC/MS) 
analysis

The methanol extracts and acetone exudates 
were analyzed for their components by GC/MS. The 
spectra were recorded on a Thermo GC equipped 

with a Focus DSQ II mass detector coupled with an 
HP-5MS capillary column (30 m × 0.25 mm i.d., 
0.25 µm film thicknesses). The chromatographic 
conditions were described recently by Berkov and 
co-authors (Berkov et al., 2021).
Determination of the minimum inhibitory 
concentration (MIC) 

MIC of the plant extracts/exudates was per-
formed by Resazurin-based Microtitre Dilution As-
say. Resazurin was prepared at 0.02% and sterilized 
0.22 µm filter Millipor. The reagent was stored at 
4°C and used a maximum of 2 weeks after prepa-
ration.
Determination of the minimum biocidal 
concentration (MBC) 

MBC was accomplished by directly plating 
contents of wells with MIC or higher than the MIC 
value on inhibitors-free MHB agar plates. The con-
centration of inhibitors when there was no colony 
growth was taken as the MBC.
Preparation of 96 well-plates for testing reagents

Reagents were dissolved in 10% dimeth-
yl sulfoxide. The first row of the plate was filled 
with 100 µl of tested plant extracts. All the wells 
of plates were filled with 50 µl MHB. The tested 
concentrations of the different substances were 
achieved through double serial dilutions by starting 
transferring 50 µl test material from the first row to 
the subsequent wells in the next row of the same 
column. Resazurin solution at an amount of 30 µl 
was added to each well. A volume of 10 µl from 
bacterial suspension was added finally to each well 
to achieve a final concentration of 5×106 CFU/mL. 
The plates were incubated in a temperature-con-
trolled incubator at 37°C for 24 h. On completion 
of the incubation, the concentration of extracts in 
columns with no color change was taken as the 
MIC value.

Three controls were used in the experiment: 
(a) bacteria + MHB + resazurin; (b) respective plant 
extract in serial dilution + MHB + indicator) and 
(c) bacteria + MHB. All the experiments were per-
formed in triplicates and the average values were 
calculated for the MIC. The tested concentrations 
of methanol extracts and acetone exudates achieved 
through double serial dilutions were between 3 – 
0.025 mg.ml−1.
Results

As seen from Table 1, presenting the data on 
the antibacterial activity of the methanol extracts, 
the MIC values for P. aeruginosa were in the range 
from 0.05 mg ml-1 to 0.4 mg.ml-1, for E. coli – from 
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0.2 to 1.5 mg ml-1 and for B. subtilis – from 0.05 to 
0.4 mg.ml-1. The determined MBC for the differ-
ent extracts were between 0.1 and 1.5 mg.ml-1 for P. 
aeruginosa, between 0.75 and 3 mg.ml-1 for E. coli, 
and between 0.1 and 3 mg.ml-1 for B. subtilis.

As seen in Table 2, presenting the data on the 
antibacterial activity of the acetone exudates, the 
registered MICs of acetone exudates were in a wide 
concentration range: for P. aeruginosa – from 0.025 
to 0.75 mg ml-1 and for E. coli and B. subtilis – from 
0.025 to 0.4 mg.ml-1.

The GC-MS analyses (data not presented) 
showed that acetone exudates are rich of monoter-
penes - carvacrol (O. vulgare subsp. hirtum); diter-
penes - sclareol (S. sclarea), carnosol (S. officina-
lis); sesquiterpenes - artemisinic acid, arteannuin b 
(A. annua); coumarins - scoparone (A. campestris); 
sesquiterpene lactones (A. lerchiana) and flavonoid 

aglycones (A. santonicum, A. lerchiana).
The methanol contained in general mostly 

polar compounds. Mono- and disaccharides were 
detected as abundant, phenolic and organic acids, 
and polyols were also identified.
Discussion

Antimicrobial agents are usually regarded as 
bactericidal ones when the MBC/MIC ratio is less 
than 4 or equal. When this ratio is greater than 4 
the respective agent is usually considered to have a 
bacteriostatic effect (Venkateswarulu et al., 2019). 
On the basis of the results we received, the MBC/
MIC ratios calculated for the model strains suggest-
ed that most of the tested substances are agents with 
a bactericidal action (Table 1 and Table 2).

The analysis of the results demonstrated that 
the tested, methanol extracts and acetone exudates 

Table 1. Antibacterial activity of the methanol extracts

Methanol  
extracts from

P. aeruginosa 1390 E. coli K16 B. subtilis 168

MIC MBC
MBC/
MIC

MIC MBC
MBC/
MIC

MIC MBC
MBC/
MIC

A.clypeolata 0.20 0.20 1.0 0.75 3.00 4.00 0.40 3.00 7.50
A. annua 0.10 0.40 4.0 0.75 3.00 4.00 0.20 0.75 3.75
A.campestris 0.10 0.20 2.0 0.40 1.50 3.75 0.20 0.75 3.75
A.lerchiana 0.20 1.50 7.5 0.40 1.50 3.75 0.20 0.75 3.75
A. santonicum 0.05 0.20 4.0 0.20 1.50 7.50 0.05 0.10 2.00
M. dalmatica 0.40 0.40 1.0 1.50 3.00 2.00 0.75 0.75 1.00
O. vulgare hirtum 0.05 0.10 2.0 0.20 0.75 3.75 0.20 0.75 3.75
S. officinalis 0.05 0.20 4.0 0.20 1.50 7.50 0.10 0.20 2.00
S. sclarea 0.40 0.75 1.9 0.20 1.50 7.50 0.10 0.40 4.00
T. partenium 0.40 0.40 1.0 0.75 1.50 2.00 0.20 0.40 2.00
T. jankae 0.20 0.40 2.0 0.75 1.50 2.00 0.20 0.20 1.00

MIC - mg ml-1; MBC - mg ml-1

Table 2. Antibacterial activity of the acetone exudates

Acetone  
exudates from

P. aeruginosa 1390 E. coli K16 B. subtilis 168

MIC MBC
MBC/
MIC

MIC MBC
MBC/
MIC

MIC MBC
MBC/
MIC

A. annua 0.2 0.75 3.75 0.1 0.4 4 0.2 0.4 2

A. campestris 0.4 1 2.5 0.1 0.2 2 0.4 0.75 1.9

A. lerchiana 0.2 1 5 0.1 0.4 4 0.4 0.75 1.9

A. santonicum 0.2 0.75 3.75 0.1 0.4 4 0.1 0.75 7.5

S. officinalis 0.025 0.1 4 0.025 0.1 4 0.025 0.2 8

S. sclarea 0.05 0.2 4 0.025 0.4 16 0.025 0.2 8

T. partenium 0.75 1 1.3 0.4 0.4 1 0.4 1.5 3.75

MIC, mg ml-1; MBC, mg ml-1
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revealed predominantly bactericidal activity while 
the bacteriostatic one is less manifested. The meth-
anol extract and acetone exudate from A. lerchiana 
showed bacteriostatic action against P. aerugino-
sa 1390, while their action against the other two 
strains the action was bactericidal.

The action of the methanol extracts from A. 
santonicum, S. officinalis and S. sclarea on the E. 
coli K16 was bacteriostatic while only the acetone 
exudate from S. sclarea revealed a bacteriostatic 
effect on the same bacteria. However, the same ex-
tracts have bactericidal action against P. aeruginosa 
1390. The difference in the action of the tested sam-
ples against E. coli and P. aeruginosa was proba-
bly due to the differences in their surface structure 
composition. Although both strains are Gram-neg-
ative bacteria, their inner and outer membrane li-
pid ratios differ. Moreover, the porins in the outer 
membrane also differ.  The lack of members of the 
general porin in P. aeruginosa and the relatively 
limited expression of other porins results in a gen-
erally low outer membrane permeability. (Tamber 
and Hancock, 2004.). A possible explanation for 
the observed results could be that the tested bac-
tericidal extracts and exudates provoke changes in 
the outer membrane composition of P. aeruginosa 
leading to increased membrane permeability.

The methanol extract from A. clypeolata has 
a bacteriostatic effect only on B. subtilis 168 and in 
this case, we can conclude that the test substance 
has a selective effect on the model Gram (-) strains. 
The same selectivity was found also in the action 
of the acetone exudates from A. santonicum and 
S. officinalis. The observed bacteriostatic action is 
probably due to the lack of sporicidal effect of these 
extracts. The B. subtilis spore coat is a multilay-
ered protective structure composed of more than 70 
different proteins. The spores exhibit extraordinary 
resistance properties (McKenney et al., 2013).

Both the methanol extracts and acetone ex-
udates were found to have a complex multi-com-
ponent composition. Common for both, methanol 
extracts and acetone exudates is the presence of 
terpenes, polyols, and phenolic acids and we are 
inclined to conclude that each of these compounds 
individually and/or in combination allows for their 
antimicrobial activity.

In conclusion, tested in the present study 
methanol extracts and acetone exudates revealed 

predominantly bactericidal activity while the bac-
teriostatic one was less manifested. In this context, 
we are inclined to suggest further studies on the ex-
tracts and exudates which revealed a pronounced 
bactericidal effect aiming at the generation of novel 
and effective antimicrobials.
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Abstract  

With vehicle tankers, the microbiological and physicochemical properties of water samples at dif-
ferent sites were analysed. Microbiological and physicochemical analysis was carried out using standard 
procedures. There was a decline in the microbial load of water samples from September to November with 
samples from the vehicle tanker showing significant higher bacterial counts (5.3 × 101 CFU/ml in site A and 
4.35 × 101 CFU/ml in site B) and fungal counts (2.7 × 101 CFU/ml in site A and 1.2 × 101 CFU/ml in site 
B) in September. Water samples from borehole samples had the lowest microbial load with a bacterial load 
of 4.0 × 100 CFU/ml at site A and 7.0 × 100 CFU/ml in site B, a fungal load of 8.0 × 101 CFU/ml in site A 
and 3.0 × 101 CFU/ml in site B in November. Coliform count was beyond the WHO acceptable limit with 
samples from the vehicle tanker having the highest coliform count with an MPN of 1100 MPN/100ml and 
borehole samples having the lowest MPN count of 23 MPN/100ml. Escherichia coli, Klebsiella pneumo-
niae, Staphylococcus aureus, Proteus mirabilis, Pseudomonas aeruginosa, Vibrio cholera, V. parahaemo-
lyticus, Aspergillus niger, A. nidulans, Penicillium oxalicum, P. italicum, Mucor spp., and Saccharomyces 
cerevisiae were isolated from all samples. Water samples from all points of collection were acidic with a 
high amount of lead and cadmium beyond the WHO acceptable limits. There is a need for adequate treat-
ment and monitoring of the quality of water sold from vehicle tanks in Benin City. 
Keywords: microbiological and physicochemical properties, vehicle tanks, water quality
Резюме

Анализирани са микробиологичните и физикохимичните свойства на водни проби, взети 
от различни места на използваните за изследването автоцистерни. Микробиологичният и 
физикохимичният анализ се извършва по стандартни процедури. Наблюдава се спад в микробното 
натоварване на водните проби от септември до ноември в сравнение с проби през септември. Резул-
татите показват значително по-висок брой бактерии (5.3 × 101 CFU/ml в място A и 4.35 × 101 CFU/
ml в място Б) и брой гъби (2.7 × 101 CFU/ml в място А и 1.2 × 101 CFU/ml в място Б). През ноември 
сондажните водни проби са имали най-ниско микробно натоварване с бактериален брой от 4.0 × 
100 CFU/ml в място A и 7.0 × 100 CFU/ml в място Б и гъбично натоварване с брой фунги 8.0 × 101 
CFU/ml в място A и 3.0 × 101 CFU/ml в място Б. Броят на колиформите е над допустимата граница 
според СЗО при проби от автоцистерни, при които е отчетен най-висок брой колиформи с MPN от 
1100 MPN/100 ml. В същото време, в проби от сондажи е наблюдаван най-нисък брой MPN от 23 
MPN/100 ml. От всички проба са изолирани Escherichia coli, Klebsiella pneumoniae, Staphylococcus 
aureus, Proteus mirabilis, Pseudomonas aeruginosa, Vibrio cholera, V. parahaemolyticus, Aspergillus 
niger, A. nidulans, Penicillium oxalicum, P. italicum, Mucor spp., и Saccharomyces cerevisiae. Водните 
проби от всички точки на събиране са кисели с високо количество олово и кадмий, което е над 
допустимите граници според СЗО. Съществува необходимост от адекватно третиране и мониторинг 
на качеството на водата, продавана от резервоарите на автоцистерни в Бенин Сити.

* Corresponding author: akatahhilda@gmail.com

Introduction 
Water is an integral part of life needed for 

survival and growth. It is found in abundance in the 

ecosystem (Duressa et al., 2019). It is the second 
most abundant and important resource after air and 
essential raw material for human life (Abdullahi and 
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Indabawa, 2012; Akatah et al., 2018). It is used for 
many purposes, such as irrigation, industrial water 
supply, domestic use and hydropower. Although the 
earth comprises about 70% water, water remains a 
finite commodity. The vast majority of water found 
in the environment is unusable to humans and this 
includes ice, marine/salt water, and water vapour. 
Only fresh water, which includes rivers and lakes 
and underground sources such as boreholes, can be 
used for human consumption (Ababiaka and Sule, 
2013). Thus, the abundance of water in the envi-
ronment is not an indication of its availability for 
domestic, agricultural, or industrial use. 

Water is a vulnerable and perishable prod-
uct. Its vulnerability is based on the integrity of the 
systems used for its storage and distribution, which 
can be damaged and contaminated. It is perishable 
because the microbial quality of water can deterio-
rate due to the growth of microorganisms remain-
ing after treatment, thriving on residual nutrients 
in the water (Engwa et al., 2015). Domestic wa-
ter supply is one of the fundamental requirements 
for human life and it refers to water used for all 
usual domestic purposes, including consumption, 
bathing, and food preparation (Akatah et al., 2018). 
This implies the use of water in houses not solely 
for consumption. Due to the steady increase in the 
world population and a resultant increment in do-
mestic, industrial, and agricultural activities, water 
bodies have been contaminated with chemical and 
microbial pollutants. This has led to a rise in the 
demand for readily usable water, beyond the capac-
ity of government-owned utilities and this has giv-
en rise to private water enterprises, giving birth to 
commercial sales of water in large volumes (Auwal 
and Taura, 2013).  

Benin City, which is located in the southern 
part of Nigeria, has a low water table. There are 
two major sources of water in Benin which are the 
Ground water (Boreholes) and Surface water (Riv-
ers and Lakes). The low water table of the city and 
the lack of piped water supply has led to an incre-
ment in the sales of water for domestic use. The 
use of large vehicle tankers in the distribution and 
sales of water for domestic use is a common trend 
in Benin City. The water sold from vehicle tanks is 
collected from an overhead tank which is in turn 
supplied from a borehole. Contamination of the 
water distribution system, in this case, the vehicle 
tank, has led to an increase in the number of micro-
organisms adversely affecting the taste and odour 
and constituting a sanitary hazard that can lead to 
water-borne diseases. The physical and chemical 

characteristic of water also has an effect on the mi-
crobial population and its acceptability to consum-
ers. Fungi in domestic water can be inhaled while 
showering, ingested, transmitted through the abrad-
ed mucous membrane in the oral cavity, skin, and 
cornea causing allergies (Isa et al., 2013; Akatah 
et al., 2018). Bacteria can lead to water-borne dis-
eases. Hence, monitoring of the water distribution 
route is of utmost importance (Abdullahi et al., 
2013). The aim of this research was to investigate 
the effect of the vehicle tank on the microbiological 
and physicochemical characteristics of water sold 
from it in Benin City. 
Materials and Methods 
Study area 

This research was carried out in Benin City, 
which is located at 6.34oN latitude, 5.63oE longi-
tude, and 80 meters elevation above the sea lev-
el with a population of about 1,125,058. Samples 
were collected from two major water companies at 
Isihor. Water from these companies is used by the 
people living in that area for domestic and industri-
al purposes. 
Sample collection

Water samples from the vehicle tank, over-
head tank, and borehole water were collected at 
different sites between September and November 
2015. At each point of collection, sterile Seward 
plastic containers were used to collect samples for 
microbial analysis, and a clean glass Pyrex sample 
bottle (500 ml), in transparent and amber colour, 
was used to collect samples for physicochemical 
analysis. Water samples were collected after the tap 
was allowed to run for two minutes. 
Bacteriological analysis 

Bacteriological parameters, such as the total 
heterotrophic bacteria count, Most Probable Num-
ber (MPN) index of coliform, and the total Vibrio 
spp. count was enumerated using media, such as 
Nutrient agar, MacConkey broth, Eosine methylene 
blue agar, Brilliant green lactose broth, and Thio-
sulphate citrate bile salt (TCBS) agar.  
Characterization and identification of bacterial 
isolates 

Microbial isolates were characterized based 
on cultural, morphological, and biochemical char-
acterization. The isolates were further confirmed by 
comparison with known taxa (Cheesbrough, 2006). 
Biochemical characterization 

All the bacterial isolates were subjected to the 
following biochemical tests, triple sugar iron test, 
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catalase, coagulase, oxidase, indole, citrate, urease, 
methyl red, and Voges-Proskauer tests for further 
identification (Cheesbrough, 2006).
Mycological analysis 

Total fungi count was enumerated with potato 
dextrose agar using the pour plate method. The pure 
isolates were viewed under the microscope using 
lactophenol cotton blue dye at ×40 magnification. 
Observed cells and growth on media were recorded 
and compared to known positive taxa. 
Physicochemical tests 

The temperature, pH, conductivity, colour, 
turbidity, suspended solids, total dissolved solids, 
chloride, hardness, dissolves solids, biological ox-
ygen demand, and amount of heavy metals (lead, 
cadmium, and zinc) were analysed.

A mercury-filled Celsius thermometer was 
used in measuring the temperature of the water sam-
ples. A portion of the thermometer was immersed in 
the water sample for a few minutes until the reading 
stabilized. The temperatures were taken at the point 
of collection and readings were recorded in °C.

A spectrophotometer was used to determine 
the optical density at various wavelengths.  A Ness-
ler tube was filled with a water sample to the 50 ml 
mark and compared to a known standard. Colour 
units = A × 50 / V
where, A = estimated colour of diluted sample,  
V = ml sample taken for dilution

The amount of turbidity was measured using 
a Nephelometer. The meter was calibrated using 
distilled water containing 0 NTU and a solution of 
standard turbidity suspension of 40 NTU (which 
was prepared by diluting 10 ml of stock solution 
with distilled water to 100 ml). The water sample 
was thoroughly shaken and placed in the nephelo-
metric tube and the reading was recorded. 

The pH of the water samples collected was 
determined in the laboratory using Hanna pH meter 
instrument Hi-1922 model. The meter was first cal-
ibrated using buffer 7.0, rinsed several times with 
distilled water. Twenty ml of the sample from each 
station was measured into beakers that were first 
rinsed with distilled water and then with a small 
quantity of the sample. The electrode was allowed 
to stand for 2 min to stabilize before taking the 
readings from the pH meter. 

A conductivity meter (model Hanna 911) was 
used to measure the conductivity of water samples. 
The meter was first calibrated with 0.01M potassi-
um chloride solution (KCl). A hundred ml of each 
sample was measured into a beaker, and its conduc-

tivity was determined by placing the meter probe 
into the sample. The probe was held in the beaker 
for a few minutes until the digital display reading 
stabilized.  

Total hardness was determined by measuring 
50 ml of vigorously shaken sample into a 250 ml 
conical flask. 1ml of ammonium buffer solution 
was added alongside 2 to 3 drops of Eriochrome 
black-T indicator and the mixture swirled. The 
sample was then titrated against 0.1M EDTA until 
there was a colour change from wine red to pale 
blue.  

                                            V x A x 1000Total hardness as CaCO3 mg/l = ____________
                                              ml sample
V = ml titration for sample, A = mg CaCO3 

equivalent to 1ml EDTA titrant.
Fifty ml of sample was vigorously shaken 

and filtered through a pre-weighed filter disk at-
tached to a suction pump. The mixture was washed 
successively with distilled water and the filter paper 
was carefully removed and dried in the oven for an 
hour at 103 to 105°C. After an hour, the filter was 
cooled in a desiccator and weighed. 

The water sample was filtered, and 50 ml pi-
petted into a clean conical flask. 0.5 ml of potas-
sium chromate indicator was added, and the solu-
tion was titrated against standard silver nitrate until 
there was a precipitation of silver dichromate (Ag-
CrO4) with a colour change to orange-red. 

The dissolved oxygen (DO) bottles were 
filled with water samples and 2 ml each of manga-
nese sulphate and potassium iodide was added. The 
bottle was properly sealed and thoroughly shaken 
after which the precipitate was allowed to settle. 
Two ml of conc. sulphuric acid was added and thor-
oughly shaken until the precipitate dissolved, and 
100 ml of the sample was then measured and ti-
trated against 0.025 N sodium thiosulphate using 
starch as an indicator. A colour change from blue 
to colourless signified the endpoint. The DO was 
measured in mg/l. 

The sample was thoroughly aerated and 1 
ml each of potassium phosphate, magnesium sul-
phate, calcium chloride and ferric chloride solu-
tion was added per 1 litter of dilution water. The 
solution was thoroughly shaken for about 1 min to 
dissolve the slurry and saturate the water with ox-
ygen. A constant temperature was maintained, and 
the sealed BOD sample was placed in a water bath 
where it was incubated at 20°C for 5 days. The in-
itial DO concentration was taken. After 5 days, the 
BOD bottles were removed from the incubator and 
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the final DO concentration was measured. 
BOD5 (mg/l) = D1 – D2 / P 

D1 = Initial DO of the sample, D2 = Final DO of the 
sample after 5 days, P = Decimal volume fraction 
of sample used 

Analyses of heavy metals in water were done 
by transferring 500 ml of the water into a long 
beaker, adding 15 ml of concentrated nitric acid 
(HNO3), evaporating on a steam bath to approxi-
mately 25 ml, and bringing the volume to 50 ml 
with deionized water. The various heavy metals 
were measured using the atomic absorption spec-
trophotometer (Buck scientific 210vgp).  
Statistical analysis 

The mean, standard deviation, and single-fac-
tor ANOVA at P ˂ 0.05 were computed using Sta-
tistical Package for Social Scientists 21.0. 
Results 
Physicochemical analysis

Water samples from all points of the collec-
tion were acidic with the lowest pH value recorded 
at 4.9 in samples from the borehole and the highest 
value 5.8 from the vehicle tanker (Table 1). 

The presence of lead and cadmium was de-
tected in samples from all points of collection, 
beyond the permissible limit of the World Health 
Organization, with the overhead thank at site A 
containing a higher amount of lead compared to the 

vehicle and borehole sample at the same site while 
the amount of cadmium was the highest in samples 
from the overhead tank at both sites. 

There was an increase in the amount of dis-
solved oxygen across collection points from the 
borehole to the overhead tank and vehicle tanker, 
with samples from the borehole having the lowest 
amount of dissolved oxygen and vehicle tanker 
containing a higher amount, as shown in Table 1. 
The biological oxygen demand after five (5) days 
was within the acceptable range (less than 3 mg/l) 
in samples from all points of collection 
Microbial enumeration

There was a higher bacterial count in samples 
from the vehicle tanker compared to the overhead 
and borehole water samples, with samples from the 
vehicle tank recording a bacterial load of 5.3 × 101 
± 2.8 CFU/ml in site A and 4.35 × 101 ± 2.1 CFU/
ml in site B while the overhead tank and borehole 
water samples at both sites had an insignificant bac-
terial count of less than 30 CFU/ ml. There was a 
significant difference at p ˂ 0.05 in the bacterial 
load of samples from the vehicle tanker compared 
to samples from the overhead and borehole sam-
ples, as shown in Table 2. 

Although Vibrio spp. was isolated from all 
points of collection, it was of insignificant count 
below 30 CFU/ml. Coliform bacteria were detected 
in water samples from all points of collection. The 

Table 1. Physico-chemical analysis of water samples at different sites within three months

Parameters
Site A Site B Limts

Vehicle Overhead Borehole Vehicle Overhead Borehole

Temperature (°C) 27.7 27.5 26.2 28 27.5 26.5 25-32
pH 5.3 5.1 4.9 5.8 5.4 4.9 6.5 - 8.5
Conductivity (µS/cm) 8.3 10 10 7.5 10 10 1000
Total dissolved solids 
(mg/l)  

4.4 5.3 5.3 3.9 5.3 5.3 500

Colour (pt. Co) 10 0 0 10 0 8 15
Turbidity (NTU) 1.7 0.3 1 2.5 0 1.5 5
Suspended solid 
(mg/l)  

1.0 0 0 5.5 3 3.5   

Chloride (mg/l) 11.8 11.8 10.6 12.4 14.1 12.4 250
Hardness (mg/l) 4.7 4.0 4.0 9.0 4.0 8 500
Dissolved oxygen 
(mg/l)

6.8 6.1 2.3 5.9 5.3 5.4 14

Biological oxygen 
demand(5)  

2.7 2.2 0.2 2.5 1.3 1.8 5

Lead (mg/l) 0.03 0.069 0.016 0.03 0.015 0.03 0.01
Cadmium (mg/l)  0.017 0.048 0.013 0.012 0.026 0.016 0.00
Zinc (mg/l)  0.035 0.064 0.015 0.015 ND 0.004 3
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highest coliform count was recorded in the vehicle 
tanker, with site A having a count of 43 MPN/100ml 
and site B 1100 MPN/100 ml in September. The 
lowest coliform bacteria count of 6.2 MPN/100 ml 
was recorded in the overhead tank while coliform 
bacteria were undetected in borehole samples in 
October and November, as shown in Table 3. There 
was an insignificant fungal count below 30 CFU/
ml, with samples from the vehicle tanks having the 
highest fungal count, which occurred in September 
(2.7 × 101 ± 1.4 CFU/ml in site A and 1.2 × 101 ± 1.4 
CFU/ml in site B), while the lowest fungal load was 
recorded in borehole water samples.  Total coliform 
count (MPN/ 100 ml) in water samples at differ-
ent sites within three months, as shown in Table 4, 
ranged from 6.2 to 43 MPN/100 ml and 9.2 to 1100 
MPN/100 ml for Site A and B, respectively. Total 
fungal count (CFU/ml) in water samples at differ-
ent sites within three (3) months, as shown in Table 
5, ranged between ˂ 30 ± 1.4  to ˂ 30 ± 2.8  and ˂ 
30 ± 0   to ˂ 30 ± 2.8 for Site A and B, respectively. 

The bacteria identified included: E. coli, P. 
aeruginosa, K. pneumoniae, P. mirabilis, S. aureus, 
and Vibrio spp. There was a high frequency of oc-
currence of Escherichia coli, K. pneumoniae and S. 
aureus compared to the other bacteria isolates, with 
Vibrio spp having the least frequency of occurrence 
(Figs 1 and 2). 

Fig. 1. Frequency of bacteria isolated from water 
samples at Site A 

Table 2. Total heterotrophic bacterial (CFU/ml) load in water samples at different sites within three (3) 
months (p ˂ 0.05) 

Months Site A Site B
Vehicle Overhead Borehole Vehicle Overhead Borehole

September 5.3 × 101 ± 2.8 ˂ 30 ± 1.4 ˂ 30 ± 2.8 4.35 × 101 ± 2.1 ˂ 30 ± 2.8 ˂ 30 ± 1.4
October 4.65 × 101 ± 2.1 ˂ 30 ± 1.4 ˂ 30 ±2.8 3.5 × 101 ± 2.8 ˂ 30 ± 1.4 ˂ 30 ± 0.7
November ˂ 30 ± 1.4 ˂ 30 ± 2.8 ˂ 30 ± 1.4 3.2 × 101  ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 1.4

Table 3. Total Vibrio spp. count (CFU/ml) in water samples at different sites within three months  
(p ˃ 0.05)

Months Site A Site B
Vehicle Overhead Borehole Vehicle Overhead Borehole

September ˂ 30 ± 0 ˂ 30 ± 1.4 ˂ 30 ± 2.8 4.35 × 101 ± 2.1 ˂ 30 ± 2.8 ˂ 30 ± 1.4
October ˂ 30 ± 1.4 0 0 0 0 0
November 0 0 0 0 0 0

Table 4. Coliform count (MPN/ 100 ml) in water samples at different sites within three months  
(p ˃ 0.05)

Months Site A Site B
Vehicle Overhead Borehole Vehicle Overhead Borehole

September 43 23 23 1100 14 9.2
October 23 6.2 0 23 0 0
November 23 0 0 9.2 0 0

Table 5. Total fungal count (cfu/ml) in water samples at different sites within three months  
(p ˂ 0.05) 

Months Site A Site B
Vehicle Overhead Borehole Vehicle Overhead Borehole

September ˂ 30 ± 1.4 ˂ 30 ± 1.4 ˂ 30 ± 1.4 ˂ 30 ± 1.4 ˂ 30 ± 1.4 ˂ 30 ± 1.4
October ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 0
November ˂ 30 ± 2.1 ˂ 30 ± 1.4 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 2.8 ˂ 30 ± 1.4
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Fig. 2. Frequency of bacteria isolated from water 
samples at Site B 

V. cholerae was isolated from water samples 
in the vehicle tanker at site B but was undetected 
in samples from site A, while V. parahaemolyticus 
was detected from the vehicle tanker samples in site 
A but not detected in site B. Several genera of fungi 
were isolated from all points of collection at both 
sites with varying frequencies of occurrence. A. ni-
ger, A. fumigatus, A. nidulans, P. italicum, P. oxali-
cum, Mucor spp., and S. cerevisiae were isolated, 
with Aspergillus spp. having the highest frequency 
of occurrence while Saccharomyces cerevisiae had 
the lowest frequency of occurrence, as depicted in 
Figs 3 and 4. 

Fig. 3. Frequency of fungi isolated from water 
samples at Site A 

Fig. 4. Frequency of fungi isolated from water 
samples at Site B 
Discussion 

Water samples were collected from the bore-
hole, overhead tank, and vehicle tank from two 
major water distribution companies within three 
months to ascertain the occurrence of microbes, the 

microbial and physiochemical relationship between 
water from the different points of collection, and 
the effect of the containers on the physicochemical 
parameters of water. The high number of hetero-
trophic bacteria alongside coliform bacteria isolat-
ed from the vehicle tank was an indication of poor 
sanitary conditions and inadequate hygienic prac-
tices by the workers. It also showed that there was 
inadequate water treatment done. Coliform bacteria 
are a microbial indicator of water quality and their 
presence is of public health concern. The presence 
of coliform bacteria in water used for domestic 
purposes has serious health implications. Although 
coliform bacteria can be found in the soil, they are 
also of enteric origin, indicating possible fecal con-
tamination (Akubuenyi et al., 2013). Hence, their 
presence indicates the potential presence of path-
ogenic enteric microorganisms. Also, according to 
the World Health Organization, coliform bacteria 
should not be detected in treated drinking water, 
their presence is a strong indication of absent or 
inadequate treatment of water sold from vehicle 
tankers. 

The low incidence of Vibrio spp. isolates from 
samples from all points of collection might be due 
to the environmental conditions of the water, ren-
dering it viable but non-culturable on solid media. 
This characteristic of V. cholerae, V. parahaemolyt-
icus, P. aeruginosa, E. coli, and K. pneumoniae to 
enter into a viable but non-culturable (VBNC) state 
has grave public health implications because when 
these organisms pass through a host animal, they 
are resuscitated and the resumption of metabolic 
activities can lead to infection and diseases (Than-
davarayan et al., 2014). 

P. mirabilis, E. coli, and K. pneumoniae occur 
as part of the normal human intestinal flora, though 
they can also be found in water and soil. P. mirabilis 
is commonly implicated in urinary tract infections 
and the formation of kidney stones. K. pneumoni-
ae infection occurs in the lungs. where they cause 
serious damage. Middle-aged and older men with 
underlying debilitating diseases, like alcoholism, 
diabetes, or chronic broncho-pulmonary disease are 
more affected (Ababiaka and Sule, 2013). P. aerug-
inosa, which is found in soil, can lead to ear in-
fection; its major route of infection is through sus-
ceptible tissues, such as wounds or mucous mem-
branes, which can occur while bathing (Engwa et 
al., 2015). Klebsiella spp. and Pseudomonas spp. 
are sensitive to disinfection and their isolation in 
these water samples is an indication of inadequate 
treatment. People most at risk of bacterial infection 
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are the elderly, very young, pregnant women, and 
immunocompromised individuals such as those 
suffering from AIDS/HIV (Bello et al., 2013). The 
isolation of Staphylococcus aureus in water can be 
tied to the unsanitary practices of the workers. Al-
though Staphylococcus occurs as part of the natural 
flora of the skin and mucous membranes in humans, 
they are occasionally detected in the gastrointesti-
nal tract and sewage. They have the ability to mul-
tiply and produce extracellular enzymes and toxins 
causing boils, skin sepsis, and postoperative wound 
infections (Duressa et al., 2019). 

Various studies have shown that fungi can 
be isolated from treated drinking water (Isa et al., 
2013; Akatah et al., 2018). The isolation of fungi in 
water samples, though of insignificant count (less 
than 30 CFU/ml), is of public health importance 
because research has shown that allergic reactions 
might still arise from the dead spores and fungal de-
bris present in water (Auwal and Taura, 2013). The 
low fungi count might still provoke allergic disease. 
Fungi such as Aspergillus spp. and Penicillium spp. 
have been known to produce mycotoxins in wa-
ter, although the amount of mycotoxins produced 
is diluted, the storage of water in tanks increases 
the concentration of these toxins over time and dai-
ly intake water containing even small amounts of 
mycotoxins may have hazardous effect on human 
health (Akubuenyi et al., 2013).  

The high occurrence of microorganisms in 
water samples collected in September can be at-
tributed to the low frequency of distribution during 
that period because the residents had an alternative 
source of domestic water supply from rainfalls and 
wells. Over time, organic matter and sediments ac-
cumulate at the bottom of the tank due to poor san-
itary conditions, where they form biofilms and act 
as a source of nutrients to microorganisms, espe-
cially chemoautotrophs. These microbes proliferate 
on the available nutrient, leading to a high bacteria 
count (Abdullahi and Indabawa, 2012). 

The increase in the pH value across the dif-
ferent points of collection (from the borehole to the 
overhead tank and vehicle tanker) might be due to 
the activities of chemotrophic bacteria thriving on 
accumulated organic matter and sediments at the 
bottom of the tanks, releasing metabolites (Akatah 
et al., 2018). 

The high amount of lead and cadmium in 
water used for domestic purposes is of great public 
health concern as these heavy metals have been im-
plicated as causative agents of brain and liver dam-
age and spontaneous abortion because of their per-

sistence in the environment and tendency to bioac-
cumulate and biomagnify in living tissues (Engwa 
et al., 2015; Heyelom and Gebregziabher, 2015). 
Although zinc was detected in some water samples 
it was within the permissible limit of the WHO. 

The amount of dissolved oxygen is consid-
erably affected by temperature. High temperature 
reduces the ability of water to hold dissolved gases 
(Isa et al., 2013). The temperature of water samples 
was ambient (26.2 to 28oC) in all points of collec-
tion, which was within the acceptable limit of the 
WHO. The amount of dissolved oxygen was within 
the WHO limits and the highest in the vehicle tank 
(6.8 mg/l and 5.9 mg/l in site A and site B, respec-
tively) compared to the overhead tank and borehole 
water samples. The higher amount of dissolved ox-
ygen in the vehicle tank might also be due to aera-
tion during refilling. 

The amount of biological oxygen demand 
suggested that the water samples were relatively 
clean with a low amount of organic matter since 
BOD is an indication of the amount of organic mat-
ter in the sample. The increase in the biological ox-
ygen demand (BOD5) from the borehole, overhead, 
and vehicle tanker, with samples from the vehicle 
tanker having the highest value of BOD can be at-
tributed to the accumulation of sediments and or-
ganic matter over time in the tank. 

This research has shown that there is a signif-
icant difference (p˂ 0.05) in the microbial load of 
samples from the vehicle tanker at both sites of col-
lection (A and B). The high coliform expressed in 
the samples from the vehicle tankers indicates that 
there are poor sanitary conditions/practices on the 
tank and this renders the water unsafe for domes-
tic usage, especially for drinking. Furthermore, the 
high amount of lead and cadmium in the samples 
from all points of collection (borehole, overhead 
tank, and vehicle tanker) which has the potential to 
bioaccumulate in living tissues, has serious public 
health implications (Fahad, 2011; Abdullahi and In-
dabawa, 2012). 
Conclusion 

The quality of water still poses a lot of health 
challenges due to a lack of microbial and environ-
mental assessment. There is a need to sensitize the 
public on the adverse effect of using contaminat-
ed water for domestic purposes as microorganisms 
can be ingested, inhaled or absorbed into the body 
through the mouth, skin, eyes or open wounds caus-
ing allergic reaction and diseases. This study shows 
that there is a need for proper treatment and mon-
itoring of water sold from vehicle tanks in Benin 
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City and sensitization of the public on its effect is 
advocated. 
Recommendations 

i. Water samples should be adequately chlo-
rinated before distributing to consumers. 

ii. The vehicle tanker and overhead tanker 
should be adequately cleaned at regular 
intervals.  

iii. Stringent sanitary conditions and proper 
personal hygiene should be maintained 
by the workers at all times, such as proper 
handwashing, regular disinfection of hose 
and pipes used in pumping water. 

iv. Vehicle tankers previously used to carry 
non-food items should be properly cleaned 
and disinfected before being used in water 
distribution. 
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Abstract 

This study analyzed the incidence of genetic mutations which cause cystic fibrosis to determine 
which therapeutic option is viable/the best for the children of Bosnia and Herzegovina. We analyzed the 
genetic samples of 14 children and we looked for mutations in the CFTR gene. Test results were obtained 
either from state laboratories or from foreign genetic centers. Out of 14 cases, 8 tested positive for CFTR 
mutations, while the remaining 6 tested negative. The most common mutation was F508del (6/8). Other 
mutations found were I507del, G576A, E538X, and CFTRdupe20. Class II mutations were the most com-
mon (7/8), and because these mutations can be treated with CFTR correctors like lumacaftor/ivacaftor we 
believe children of Bosnia and Herzegovina could benefit from donations for this treatment. The negative 
test results for the CFTR gene in the 6 remaining children imply endemic form of cystic fibrosis, which 
is not tested for. It is important to provide customized, region-specific testing which includes mutations 
missed by standard tests.
Keywords: cystic fibrosis, CFTR gene, lumacaftor, mucoviscidosis.
Резюме

Това проучване анализира честотата на генетични мутации, които причиняват кистозна фи-
броза, за да определи кой терапевтичен вариант е жизнеспособен/най-добрият за децата на Босна 
и Херцеговина. Анализирахме генетичните проби на 14 деца и потърсихме мутации в гена CFTR. 
Резултатите от тестовете са получени или от държавни лаборатории, или от чужди генетични цен-
трове. От 14 случая, 8 са били положителни за CFTR мутации, докато останалите 6 са били отри-
цателни. Най-честата мутация е F508del (6/8). Други открити мутации са I507del, G576A, E538X и 
CFTRdupe20. Мутациите от клас II са най-чести (7/8) и тъй като тези мутации могат да бъдат лекува-
ни с CFTR коректори като lumacaftor/ivacaftor, ние вярваме, че децата от Босна и Херцеговина могат 
да се възползват от дарения за това лечение. Отрицателните резултати от теста на CFTR гена при 6 
останали деца предполагат ендемична форма на кистозна фиброза, която не се изследва. Важно е да 
се осигури персонализирано, специфично за региона тестване, което включва мутации, пропуснати 
от стандартните тестове.

* Corresponding author: haris.campara@mf.unsa.ba

Introduction
Cystic fibrosis (CF) is a hereditary disease 

related to chromosome 7 (Kulkarni et al., 2019; Al-
mughem et al., 2020). It is characterized by chlo-
ride ion channel deficiency because of disorders of 
the cystic fibrosis trans-membrane regulator gene 
(CFTR) (Almughem et al., 2020). Disorders of the 
CFTR gene reduce the secretion of chloride ions 
into the epithelial tissues, which through hyperac-

tivation of sodium channels causes sodium reab-
sorption and thickens the mucus. Thickened mucus 
causes meconial ileus in 15% of infants affected 
with CF, destruction and obstruction of the pan-
creatic tissue, malabsorption of nutrients, delayed 
growth, and after infancy respiratory problems like 
chronic and recurrent infections of the lungs and 
sinuses (Turcios, 2020). Men can also present with 
congenital absence of vas deferens (Kulkarni et al., 
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2019; Turcios, 2020). One of the earliest manifes-
tations of CF is malnutrition caused by pancreatic 
insufficiency. In the past, it was a major cause of 
death (De Boeck, 2020). CF can also impact ab-
sorption of fat-soluble vitamins such as vitamin K, 
leading do hemorrhagic diatheses (Kulkarni et al., 
2019). After supplementation with pancreatic en-
zymes the next cause of death became chronic res-
piratory infections (De Boeck, 2020). Lung infec-
tions in CF are caused by thickened mucus which 
is an ideal medium for microbe growth. In the be-
ginning, lung manifestations are often mistaken 
for asthma or bronchitis (Turcios, 2020). It is very 
important to treat lung infections and prevent new 
infection, since the progression of disease leads to 
reduced lung function (Fig. 1.) (Kapnadak et al., 
2020). CF reduces life expectancy, with childhood 
mortality in Western Europe being around 5%, with 
the percentage being higher in less developed coun-
tries (Mehta et al., 2010) There are over 2076 mu-
tations of the CFTR gene (Almughem et al., 2020). 
Mutations can be classified into classes I-VII, and 
classes I-VI can be treated by a combination of 
correctors, potentiators, stabilizers and amplifiers. 
Class II encompasses F508del (Almughem et al., 
2020) and I507 (Lopes-Pacheco, 2016). 

Fig. 1. Distribution of CF mutations in Bosnia and 
Herzegovina. 
Materials and Methods

This is a cross-sectional study intended to ana-
lyze the genetic makeup of cystic fibrosis patients in 
Bosnia and Herzegovina. We analyzed the medical 
records and genetic samples of 14 patients present 
on the Pediatric Clinic of the Clinical Center of the 
University of Sarajevo in the period between 2018 
and 2020. Patients were included based on criteria 
for the clinical diagnosis of cystic fibrosis. Inclusion 

criteria were presence of any combination of the fol-
lowing: high sweat chloride, delayed development, 
recurrent upper respiratory tract infections, frequent 
diarrheas and meconial ileus present at birth. Exclu-
sion criteria were low levels of sweat chlorides and 
infrequent upper respiratory tract infections. Patients 
were in regular checkups and were tested for genetic 
analysis. Genetic testing was performed partly in the 
clinics in Bosnia and Herzegovina and partly as a 
donation by genetic centers in the European com-
munity. All patients’ parents were informed about 
the procedure and signed informed consent for the 
testing. 
Results

Results of genetic testing showed that CF 
was confirmed in 8/14 patients. Seventy-five per-
cent (6/8) of the patients tested positive for F508del 
mutation. One patient tested positive for I507 del, 
and another tested positivefor G576A. Patients with 
F508del were homozygous, and all except one who 
were heterozygous with E538X mutation. Addition-
al mutation, heterozygote, was reported in the pa-
tient with G576A mutation, who was also positive 
for CFTRdupe20 mutation. Out of the remaining pa-
tients, 6 tested negative for CFTR mutation. Howev-
er, all these 6 patients were clinically diagnosed with 
CF. The average hospitalization time was 14 days. 
The isolated pathogens included: Pseudomonas 
aeruginosa, Hemophilus influenzae, Staphylo-
coccus aureus and Streptococcus pneumoniae. 
The main treatment was antibiotic and supportive. 
The most commonly used antibiotics were cephalo-
sporins, aminoglycosides and carbapenems. Mucol-
ytics and bronchodilators were used in conjunction 
as a support with the antibiotics. Figure 1 shows the 
distribution of CF mutations in Bosnia and Herze-
govina. To the far left are the areas of Bihać, Cazin 
and Velika Kladuša. In the center are the areas of 
Travnik and Donji Vakuf, which show the greatest 
mutation diversity (4 mutations, F508del, E538X, 
G576A and CFTR dupe20), and on the right is the 
area of Sarajevo.
Discussion

One study reported that in South Europe only 
50% of patients carried the F508del mutation while 
in our study 10 out of 16 patients tested negative for 
CF despite having symptoms (Gasparini et al., 1991). 
Thirty years later, there are still 6/14 unknown muta-
tions as reported by this study. As Gasparini suggest-
ed, the hidden mutations may lie in promoter regions 
or introns (Gasparini et al., 1991). Dörk et al. (2000) 
suggested that there is a CFTR mutation variant CF-
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TRdele2,3 (21 kb) common to Slavic people, which 
was previously missed in routine testing (Dörk et al., 
2000). Boeck et al. (2013) reported that in the 18/23 
countries they researched, 80% of their study sub-
jects had at least one class II mutation, with F508del 
being the most common one. They also reported 
that other countries had a significantly smaller pro-
portion of class I, III, IV and V mutations ranging 
from 3.0-3.9% (De Boeck et al., 2014). Our study 
has a similar finding, because 7/8 confirmed CF was 
caused by class II mutations. Interestingly, Estivill et 
al. (1997) found that in Europe, 55 mutations were 
common in one or several countries, but 217 mu-
tations were rare, with a frequency lower than 1%. 
Furthermore, they stated that while F508del was the 
most common mutation in the world, there were dis-
crepancies. Most notably between Denmark, which 
had 87.2% F508del of all CF, and Algeria, which 
had 26.3% (Estivill et al., 1997). It has been shown 
that a combination of elexacaftor, tezacaftor and iva-
caftor significantly reduces sweat chloride concen-
tration, improves FEV1 and the quality of life (Barry 
et al., 2021). The Cystic Fibrosis Foundation came 
together and wrote consensus guidelines for the care 
of individuals with cystic fibrosis disease. They state 
that even with the new landmark CFTR modulators, 
CF still remains a progressive disease, with people 
inevitably requiring more extensive care and possi-
ble lung transplant (Kapnadak et al., 2020). How-
ever, CFTR modulator therapy significantly slows 
cystic fibrosis progression, buying more time on the 
transplant list and significantly improving the pa-
tient’s condition and quality of life in the meantime 
(Kapnadak et al., 2020). A major downside to CFTR 
modulator therapy is the high cost, ranging from 
150-250 thousand euro per patient per year. Since 
other pharmaceutical companies are also develop-
ing the medicine, cost reduction  and an increase in 
availability can be expected in the coming years (De 
Boeck, 2020). Therefore, it is important in the mean-
time to make the CFTR modulator therapy available 
to a wider circle of recipients in anticipation of drug 
cost reduction.
Conclusion

Cystic fibrosis is a severe condition which 
must be properly diagnosed so it could be properly 
treated, and exacerbations could be prevented. It is 
very important to establish the most common mu-
tations in Bosnia and Herzegovina and in the sur-
rounding countries so that potential CFTR mutations 
would not be missed. Our paper shows that a large 
percentage of patients suffer from type II CFTR mu-
tations, and as such are eligible for treatment with 

CFTR correctors like lumacaftor/ivacaftor. This 
is the first research that has included sophisticated 
genetic testing for CF. The similarity of the genetic 
profile of CF in Bosnia and Herzegovina and in Eu-
rope suggests that children in Bosnia and Herzego-
vina could greatly benefit from donations of CF gene 
therapy and CFTR modulator therapy. Moreover, 
the interesting negative results of the CFTR gene 
tests suggest that Bosnia and Herzegovina could be 
a site of endemic form of cystic fibrosis that evades 
detection.
References
Almughem, F. A., A. M. Aldossary, E. A. Tawfik, M. N. Alo-

mary, W. S. Alharbi, M. Y. Alshahrani, A. A. Alshehri 
(2020). Cystic fibrosis: overview of the current develop-
ment trends and innovative therapeutic strategies. Pharma-
ceutics 12: 1–29.

Barry, P. J., M. A. Mall, A. Álvarez, C. Colombo, K. M. de 
Winter-de Groot, et al. (2021). Triple therapy for cystic 
fibrosis Phe508del –gating and –residual function geno-
types. N. Engl. J. Med. 385: 815–825.

De Boeck, A. Zolin, H. Cuppens, H. V. Olesen, L. Viviani 
(2014). The relative frequency of CFTR mutation classes 
in European patients with cystic fibrosis. J. Cyst. Fibros. 
13: 403–409. 

De Boeck, K. (2020). Cystic fibrosis in the year 2020: a dis-
ease with a new face. Acta Paediatr. Int. J. Paediatr. 109: 
893–899. 

Dörk, T., M. Macek, F. Mekus, B. Tümmler, J. Tzountzouris 
T. Casals, A. Krebsová, M. Koudová, I. Sakmaryová, M. 
Macek Sr, V. Vávrová, D. Zemková, E. Ginter, N. V. Petro-
va, T. Ivaschenko, V. Baranov, M. Witt, A. Pogorzelski, J. 
Bal, C. Zékanowsky, K. Wagner, M. Stuhrmann, I. Bauer, 
H. H. Seydewitz, T. Neumann, S. Jakubiczka (2000). Char-
acterization of a novel 21-kb deletion, CFTRdele2,3(21 
kb), in the CFTR gene: a cystic fibrosis mutation of Slavic 
origin common in Central and East Europe. Hum. Genet. 
106: 259–268. 

Estivill, X., C. Bancells, C. Ramos (1997). Geographic distri-
bution and regional origin of 272 cystic fibrosis mutations 
in European populations. Hum. Mutat. 10: 135–154.

Gasparini, P., V. Nunes, A. Savoia, M. Dognini, N. Morral et 
al. (1991). The search for South European cystic fibrosis 
mutations: Identification of two new mutations, four vari-
ants, and intronic sequences. Genomics 10: 193–200. 

Kapnadak, S. G., E. Dimango, D. Hadjiliadis, S. E. Hempstead, 
E. Tallarico et al. (2020). Cystic Fibrosis Foundation con-
sensus guidelines for the care of individuals with advanced 
cystic fibrosis lung disease. J. Cyst. Fibros. 19: 344–354.

Kulkarni, H, S. Kansra, S. Karande (2019). Cystic fibrosis re-
visited. J. Postgrad. Med. 65: 193-196. 

Lopes-Pacheco, M. (2016). CFTR modulators: Shedding light 
on precision medicine for cystic fibrosis. Front. Pharma-
col. 7: 1–20. 

Mehta, G., M. Macek, A. Mehta (2010). Cystic fibrosis across 
Europe: EuroCareCF analysis of demographic data from 
35 countries. J. Cyst. Fibros. 9: S5–S21.

Turcios, N. L. (2020). Cystic fibrosis lung disease: an over-
view. Resp. Care 65: 233–251. 



ACTA MICROBIOLOGICA BULGARICA Volume 38 / 1 (2022)

63

Volume 37 / 1 (2021)

Short Communication 

Prevalence of Klebsiella pneumoniae Urinary Tract Infections and 
Determination of Minimum Inhibitory Concentration to Common 
Antibiotics in Zanjan City Hospitals, Iran
Bahram Sheikhbagheri1, Fereshte Ghozati1, Reza Shapouri1*

1Department of Microbiology, Zanjan Branch, Islamic Azad University, Zanjan, Iran

Abstract
Urinary tract infections (UTIs) are a type of bacterial infection that usually occurs in women more of-

ten than men. One cause of these infections is Klebsiella pneumoniae from the Enterobacteriaceae family, 
which is the second most common cause of UTIs after the other member of this family, Escherichia coli. 
This study aimed to determine the infection rate from isolated samples and examine effective and ineffec-
tive antibiotics against K. pneumoniae causing UTIs in hospitals in Zanjan, Iran. In a cross-sectional study 
between April and July 2019, we first started to isolate specimens from hospitals in Zanjan province in 
Iran. Gram stain and differential tests and disk diffusion antibiogram were done. Minimum inhibitory con-
centration (MIC) and minimum bactericidal concentration (MBC) of selected antibiotics by agar dilution 
method were determined. According to the antibiogram patterns, resistance to amoxicillin was the highest 
(80.3%), and the lowest resistance was to nalidixic acid (14.5%). Among the used antibiotics, the highest 
concentration for MIC and MBC was linked to amoxicillin (MIC 128 μg/ml, MBC 256 μg/ml) and the low 
concentration was linked to meropenem (MIC 0.03125 μg/ml, MBC 0.0625 μg/ml). The results indicate 
that K.pneumoniae is resistant to most selected antibiotics and new generations of antibiotics should be 
used to treat infections. 
Keywords: Klebsiella pneumoniae, antimicrobial susceptibility tests, Minimum Inhibitory Concentration, 
urinary tract infections.
Резюме

Инфекциите на пикочните пътища (ИПП) се причиняват от бактерии и обикновено се срещат 
по-често при жените отколкото при мъжете. Една от причините за тези инфекции е Klebsiella 
pneumoniae от семейство Enterobacteriaceae. Това е вторият най-често срещан причинител на ИПП 
след Escherichia coli, друг член на това семейство. Настоящето проучване има за цел да определи 
степента на заразяване и да изследва ефективността на антибиотиците срещу щамове K. pneumoniae, 
изолирани от проби от болници в Занджан, Иран. В това проучване, извършено между април и 
юли 2019 г., за първи път са изолирани проби от болници в този регион. Направено е оцветяване 
по Грам, диференциални тестове и дискови дифузионни антибиограми. Минималната инхибиторна 
концентрация (МИК) и минималната бактерицидна концентрация (МБК) на избраните антибиотици 
са определени чрез метода на разреждане в агар. Според резултатите от антибиограмата, 
резистентността към амоксицилин е най-висока (80.3%), а най-ниската наблюдавана резистентност 
е към налидиксовата киселина (14.5%). Сред използваните в проучването антибиотици, най-високи 
стойности за МИК и МБК са установени за амоксицилин (МИК 128 μg/ml, МБК 256 μg/ml), а ниските 
- за меропенем (МИК 0.03125 μg/ml, МБК 0.0625 μg/ml). Резултатите показаха, че бактерията K. 
pneumoniae е резистентна към повечето използвани антибиотици и за лечение на инфекциите на 
ИПП трябва да се използват нови генерации антибиотици.

* Corresponding author: rezashapouri@yahoo.com
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Introduction
Urinary tract infections (UTIs) are the sec-

ond most commonly reported infections in hu-
mans. Also, they are one of the most important 
causes of death in the general population and the 
second most common cause of going to hospital. 
The presence of more than 105 colony-forming 
units (CFU) from an organism per ml in the urine 
sample is a sign of bacterial infection of the uri-
nary tract. Most UTIs are caused by bacteria that 
naturally reside in the colon. Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa 
strains are the major bacteria responsible for UTIs 
(Iregbu and Nwajiobi-Princewill, 2013; Zarei et 
al., 2021). UTIs are due to pathogens in the uri-
nary tract that results in an inflammatory response 
in the urethra. Bacteria proliferation in the urinary 
tract is the cause of infection (Sibi et al., 2011). 
UTIs refers to the presence of pathogen bacteria in 
the urinary tract and usually is classified according 
to the infection section, i.e. bladder infection (cys-
titis), kidney infection (pyelonephritis) or urine in-
fection (bacteriuria) and it can be symptomatic or 
asymptomatic (Beyene and Tsegaye, 2011). UTIs 
in women are more common than men (Foxman, 
2002). Women are particularly at risk of develop-
ing UTIs because the urethra is short, and there are 
certain behavioral factors such as delayed urina-
tion, sexual activity and the use of diaphragms and 
spermicides that promote bacterial placement in 
urethra regions (Karlović et al., 2018). Symptoms 
of UTIs in adults primarily include urinary tract 
irritation and then with painful urinary excretion, 
frequent urination, enuresis, and bladder disorder 
(Chopra and Nanda, 2012). K. pneumoniae is an 
opportunistic pathogen that is widely found in the 
mouth, skin, intestines, as well as in the hospital 
environment and medical device (Guo et al., 2012; 
Mahmoudi et al., 2020). It is widely distributed in 
nature and abundantly found in water and soil (Wu 
et al., 2012). The pathogenesis of K. pneumoniae is 
due to the presence of many pathogenic genes that 
code for pathogens and allows attack on the im-
mune system of mammals causing many types of 
diseases. Some of these pathogenic factors are bio-
film formation, capsule synthesis, adhesion, iron 
uptake, and lipopolysaccharide synthesis (Chung 
et al., 2015; Mahmoudi et al., 2020). Differences 
in the prevalence of antibiotic resistance reported 
in different studies may be due to differences in 
physicians’ ideas on prescribing, availability, and 
cost, and ultimately the laws of different countries 
for prescribing antibiotics (Vaziri et al., 2020). The 

aim of this study was to determine and monitor the 
status of the infection rate in isolated samples, and 
the introduction of effective and ineffective antibi-
otics against K. pneumoniae causing UTIs in hos-
pitals in Zanjan, Iran. 
Materials and Methods
Sample collection and identification of K. 
pneumoniae strains 

In the cross-sectional study, between April 
and July 2019, UTIs specimens were collected 
from Zanjan city hospitals in Iran and sub-cultured 
on MacConkey agar (Merck, Germany) growth 
medium, then incubated at 37ºC for 24 hours. 
Gram stained was performed. Since K. pneumoni-
ae is a gram-negative bacterium, differential and 
biochemical tests were performed and K. pneumo-
niae was identified (Iranpour et al., 2015). After the 
identification of K. pneumoniae, specimens were 
preserved by freezing. Tryptic soy broth (TSB) 
(Merck, Germany)with 10% glycerol was used for 
freezing bacteria samples (Mansour et al., 2009).
Antibiotic susceptibility test 

Antibiotic susceptibility testing was carried 
out for K. pneumoniae isolates by using KirbyBau-
er disk diffusion method according to the Clinical 
and Laboratory Standard Institute (CLSI 2019) 
guidelines, Applied antibiotics (Mast, England) 
including gentamicin (GM) 10 μg, Ceftriaxone 
(CRO)30 μg, Cefotaxime (CTX) 30 μg, Ampicillin 
(AMP) 10 μg, Co-trimoxazole (SXT) 25 μg, Cip-
rofloxacin (CP) 5 μg, amoxicillin(AMOX)10 μg, 
nalidixic acid (NA) 30 μg meropenem (IMP) 1 μg. 
K. pneumoniae ATCC 25955 was used as a posi-
tive control for quality control and evaluation of 
results (Lobo et al., 2019). 
Minimum Inhibitory Concentration (MIC) and 
Minimum Bactericidal Concentration (MBC) 

The selected antibiotics MIC and MBC on 
K. pneumoniae were determined by agar dilution 
method. 17 various concentrations from 0.015625 
μg/ml to 1024 μg/ml were used. After preparing 
the microbial suspension equal to 0.5 McFarland 
turbidity, inoculation was carried out with Mueller 
Hinton Agar (MHA) with the desired concentra-
tion of antibiotic. After incubation at 37ºC for 24 
hours, growth or non-growth of the bacteria was 
investigated, and the minimum concentration of 
antibiotic that prevents the visible growth of bac-
teria was considered MIC and the minimum bacte-
ricidal concentration of antibiotic was also consid-
ered MBC (Iranpour et al., 2015).
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Statistical analysis
Data were analyzed using mean and standard 

deviation (SD) statistics for quantitative and fre-
quency data and frequency percentage for qualita-
tive data as well as SPSS software version 21.
Results 

The total number of UTIs samples collected 
from hospitals in Zanjan, Iran, was 117. The pat-
tern of antibiotic resistance of these bacteria was 
evaluated. The highest K. pneumoniae sensitivity 
was related to nalidixic acid (83.8%). gentamicin 
(71.8%), and meropenem (71%). Also, K. pneumo-
niae showed the highest resistance to amoxicillin 
(80.3%), as well as to Cefotaxime (60.7%), and 
Co-trimoxazole (57.3%). The results of the anti-
biogram test are shown in Fig. 1. K. pneumoniae 
showed the highest sensitivity to nalidixic acid, 
with 16 μg/ml the highest percentage of MIC, and 
32 μg/ml the highest percentage of MBC. 

R: Resistant, I: Intermediate, S: Sensitive

Fig. 1. Results of antibiogram for K. pneumoniae

Discussion
K. pneumoniae causes UTIs. Due to the re-

sistance of this bacterium to many antibiotics, the 
study on the prevalence and effective antibiotics in 
its treatment seems necessary. Vuotto et al. (2014) 
examined antibiotic resistance associated with bio-
film formation in K. pneumoniae. The results of this 
study showed that intrinsic resistance to antimicro-
bial agents has increased dramatically when the 
strains of K. pneumoniae were grown as biofilms 
(Vuotto et al., 2014). Shaikh et al. (2016) examined 
the prevalence of UTIs in childhood. The incidence 
of UTIs varies with age, sex, race and circumcision. 
Uncircumcised boys under the age of three months 
and girls under the age of twelve months were the 
most prone to UTIs. Sikarwar et al. (2016) inves-
tigated the prevalence of K. pneumoniae resistant 
to antimicrobial drugs. In their study, they found 

that K. pneumoniae strains had a high sensitivity 
to gentamicin. They also found that 28% to 76% 
of them were resistant to cephalosporin. Jamil et 
al. (2014), investigated multi-drug (MDR) resis-
tant K. pneumoniae causing UTIs in children. The 
antimicrobial sensitivity pattern of K. pneumoniae 
had shown that more than 70% of these pathogens 
were resistant to cephalosporin, 69% were resistant 
to ciprofloxacin and Co-trimoxazole and 63% resis-
tant to nalidixic acid (Navidinia et al., 2017). The 
reason of this discrepancy with the results of other 
studies is probably the prevalence of K. pneumo-
niae in that area. Mansour et al. (2009) examined 
bacteria isolated from UTIs and their susceptibility 
to antibiotics. Results indicated that gram-negative 
bacilli were responsible for UTIs in patients and 
the most common antimicrobial agents were also 
amikacin, tobramycin and ciprofloxacin (Mansour 
et al., 2009). Shah et al. (2009) investigated bacte-
rial profiles and antibiotic susceptibility. According 
to their results from 232 patients, bacterial strains 
were detected in 177 (76.29%) specimens. Among 
these, 137 (77.40%) cases were from women. The 
most common organisms were E. coli sensitive to 
amikacin and nitrofurantoin. Antibiotic susceptibil-
ity patterns of Klebsiella and Acinetobacter have 
shown that they have high sensitivity to amikacin. 
Klebsiella and Acinetobacter have high resistance 
to ampicillin and gentamicin (Indumathi, 2017). 
Galate et al. (2015) studied microbial profiles and 
antibiotic susceptibility patterns in UTIs. They used 
patients with clinical diagnosis of UTIs in their 
study. Urine specimens of this disease were tested 
by microscopy and culture media. All positive cul-
tures were tested for antibiotic susceptibility. Of the 
732 patients, strains were detected in 314 (42.89%) 
samples. Among them, 64.01% were women. The 
most common microbial agent was E. coli. Also, 
gram-negative bacteria are highly sensitive to ami-
kacin and Piperacillin/Tazobactam and are resistant 
to nalidixic acid, ciprofloxacin and co-trimoxazole 
(Galate and Bangde, 2015). Different results can 
also be related to differences in the health level of 
various regions and societies of the world, cultural 
differences, and the difference in access to physi-
cians and medications. Hence, the health-care pol-
icies of countries have a direct relationship with 
the health of their communities. El Bouamri et al. 
(2015) examined the antimicrobial susceptibility of 
urine K. pneumoniae and the emergence of strains 
resistant to carbapenemases. According to the re-
sults of their studies, K. pneumoniae accounted for 
22% of all strains isolated from Enterobacteriace-
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ae during the study. The rate of bacterial resistance 
of K. pneumoniae with the absence of extended 
spectrum beta-lactamase (ESBL) production in this 
study was as follows: trimethoprim-sulfamethoxaz-
ole (61%), amoxicillin/clavulanic acid (51%), cip-
rofloxacin (32%), gentamicin (21%) and amikacin 
(11%). ESBL producing K. pneumoniae included 
25.5% of all urine K. pneumoniae strains showed re-
sistance to trimethoprim-sulfamethoxazole (89%), 
gentamicin (89%), ciprofloxacin (84%) and amika-
cin (50%) (El Bouamri et al., 2015). In agreement 
with our results, Chowdhury et al. (2015) exam-
ined the antibiotic susceptibility of bacteria among 
patients with UTIs. According to their results, E. 
coli (82.6%), and K. pneumoniae (14.6%) were 
the most common uropathogenic strains. They also 
found that the highest sensitivity rate was related 
to imipenem, nitrofurantoin, meropenem, ceftazi-
dime, gentamicin, chloramphenicol and amikacin. 
Most isolated strains showed a high percentage of 
resistance to amoxicillin, ciprofloxacin, levofloxa-
cin, ceftriaxone, co-trimoxazole and nalidixic acid 
(Chowdhury and Parial, 2015). 
Conclusion

According to the results of this study, K. 
pneumoniae is resistant to most selected antibiot-
ics. Therefore, it is recommended to have strict an-
tibiotics utilization policies within hospitals and to 
support clinicians on the rational choice of antibiot-
ics therapy and regularly update the list and reliable 
sources of drugs.
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Abstract

Corynebacterium pseudotuberculosis is the primary aetiological agent of ulcerative lymphangitis, a 
chronic suppurative lesion of the limbs and pectoral muscles of a horse. The disease severely affects horse 
performance and is associated with significant economic losses in other susceptible hosts like goats, sheep 
and camels. Lung tissue and swab samples from suppurative lesions of a dead mare previously treated for 
ulcerative lymphangitis were received from the necropsy unit of the Veterinary teaching hospital (VTH), 
Ahmadu Bello University, Zaria, for definitive aetiological diagnosis. The samples were processed for 
fungal and bacterial isolation and identification in accordance with standard methods. The aerobic bacteria 
isolated were subjected to antimicrobial susceptibility testing against nine commonly used antimicrobials 
(OxoidTM), using the Kirby-Bauer disc diffusion method. Three bacteria were isolated and phenotypically 
identified to be C. pseudotuberculosis, Escherichia coli and Staphylococcus aureus. All the bacteria were 
susceptible to Ciprofloxacin, Gentamicin, Chloramphenicol and Doxycycline but resistant to Cephalospor-
in’s (Cefixime and Cefoxitin). Interestingly, none of the identified bacteria exhibited multidrug resistance 
and only E. coli showed additional resistance to Amoxicillin/clavulanic acid out of the antimicrobials used. 
Improved hygiene around the horse stable and prompt reporting of cases to the Veterinary hospitals could 
reduce the menace of this disease.
Keywords: Ulcerative lymphangitis, Corynebacterium pseudotuberculosis, Horse, ABU-Zaria.
Резюме

Corynebacterium pseudotuberculosis е основният етиологичен агент на улцерозен лимфангит, 
хронична гнойна лезия на крайниците и гръдните мускули на конeте. Болестта засяга сериоз-
но работата на конете и е свързана със значителни икономически загуби при други податливи 
гостоприемници като кози, овце и камили. Проби от белодробна тъкан и натривки от гнойни лезии на 
мъртва кобила, лекувана преди това за улцерозен лимфангит, са получени от отделението за аутопсия 
на Ветеринарната учебна болница (VTH) на Университета Ахмаду Бело, Зария, за окончателна 
етиологична диагноза. Пробите са подготвени за изолиране и идентифициране на гъбички и бактерии 
в съответствие със стандартните методи. Изолираните аеробни бактерии са подложени на тест за 
антимикробна чувствителност срещу девет често използвани антимикробни средства (OxoidTM), 
чрез дисковия дифузионен метода на Kirby-Bauer (дифузия в агар). Три бактерии бяха изолирани 
и фенотипно идентифицирани като C. pseudotuberculosis, Escherichia coli и Staphylococcus aureus. 
Всички бактерии показват чувствителност към ципрофлоксацин, гентамицин, хлорамфеникол и 
доксициклин, но остават резистентни към цефалоспорините (цефиксим и цефокситин). Нито една 
от идентифицираните бактерии не показа мултирезистентност, а само E. coli показа допълнителна 
резистентност към амоксицилин/клавуланова киселина към използваните антимикробни средства. 
Подобрена хигиена около конюшнята и своевременно докладване на случаите във ветеринарните 
болници биха могли да намалят опасността от това заболяване.

* Corresponding author: kabirbka@gmail.com; khahmad@abu.edu.ng



69

Introduction
Ulcerative lymphangitis is a common and 

economically important infectious skin disease of 
horses in Africa, the Middle East, America and 
India, that limits their productivity (Ameni and 
Terefe, 2004; Mamman et al., 2011; Abdullahi et 
al., 2019). Clinical manifestations in horses con-
sist of abscesses in the skin, lymph nodes and in-
ternal organs, such as the spleen, liver, kidneys 
and lungs (Mamman et al., 2011). Transmission is 
said to occur via shearing, castration or any other 
skin wounds (Markey et al., 2013). Bacterial path-
ogens such as Corynebacterium pseudotuberculo-
sis, Staphylococcus aureus, Streptococcus species 
and Escherichia coli are commonly linked to this 
suppurative infection (White, 2005; Zavoshti et al., 
2009). The classical ulcerative lymphangitis is pri-
marily caused by the bacterium C. pseudotubercu-
losis (Radostitis et al., 2007; Singathia et al., 2011), 
which belongs to the Corynebacteriaceae family of 
the Actinomycetales order. Characteristically, this 
bacterium is small, short, pleomorphic Gram-pos-
itive that occurs in rod, coccoid and club-shaped 
forms and is worldwide distributed (Markey et al., 
2013). This organism is also the aetiological agent 
of caseous lymphadenitis, a chronic contagious 
disease that affects goats, sheep, camels and less 
frequently other animal species (Radostitis et al., 
2007; Markey et al., 2013). In humans, C. pseu-
dotuberculosis causes lymphadenitis and abscess-
es, as well as granulomatous necrotizing lesions, 
and is thus classified as an occupational zoonotic 
pathogen (Radostitis et al., 2007). 

The virulence of this bacterium is attributed 
to bacterial exotoxin, phospholipase D (PLD), and 
the surface lipid layer. These virulent factors are 
known to degrade the endothelial cell walls, lead-
ing to increased vascular permeability, and facili-
tating intracellular survival and abscess formation, 
respectively (Markey et al., 2013).

In Nigeria, ulcerative lymphangitis was first 
reported in the 1980s (Usher et al., 2005) and has 
remained endemic in the country causing signifi-
cant production and economic losses without any 
effort to prevent it. The disease is predominantly 
found in the Northern part of the country where the 
horse population is higher due to the traditional dur-
bar, royalty symbol and racing tournaments among 
others (Mamman et al., 2011). Definitive diagnosis 
of ulcerative lymphangitis as recommended by the 
World Organization for Animal Health (OIE) is by 
bacterial isolation (Spier, 2019), and antimicrobial 
susceptibility testing was performed to evaluate the 

susceptibility profile of the isolated bacteria. There-
fore, this study reports aerobic bacteria with their 
antibiograms, isolated from suppurative lesions in 
a West African Dongola mare.
Case History

Fistulous tract swab and lung samples from 
a 7-year-old mare were referred from the Necropsy 
unit of the Veterinary Pathology to the Diagnostic 
Bacteriology unit of the Veterinary Microbiology, 
all of the Veterinary Teaching Hospital (VTH), 
Ahmadu Bello University, Zaria (ABU-Zaria) on 
the 26th August, 2021. History had it that the mare 
belonged to the Faculty of Veterinary Medicine, 
ABU-Zaria, and until its death, it was being treated 
for ulcerative lymphagitis (Fig. 1). History further 
revealed that the affected mare was the only clini-
cally diseased in a herd of three.

Fig. 1. Fistulous exudate on the forelimb of West 
African Dongola Mare prior to death
Case Management
Sample processing

All the sharp instruments (scalpel blade, spat-
ula, forceps and Pasteur loop) were sterilized using 
flame and cooled before, during and after use in ac-
cordance with standard procedures (Markey et al., 
2013). Briefly, the lung tissue was held firmly with 
thumb forceps and the spatula was used to sear the 
surface for decontamination. A scalpel blade was 
then used to incise the lung from the seared area, 
and sterile swab dipped into the cut surface and the 
content of the swab was smeared over the surface 
of both the 5% sheep blood and MacConkey agar 
to make a “well” and using a Pasteur loop a quad-
rant streaking pattern were made. The swab from 
the fistulous tract was directly smeared on the said 
plate agars as in the case of the lung tissue. All the 
inoculated plates were incubated aerobically at 
37°C for 24-48 hours and further subcultured into 
appropriate media to obtain pure colonies.
Colonial morphology

The colonies observed from the fistulous ex-
udate on MacConkey agar plate were lactose fer-
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menters and were therefore subcultured on eosin 
methylene blue (EMB) agar and they revealed a 
typical green metallic sheen. Likewise, mixed cells 
of both ß-haemolytic and γ-haemolytic colonies 
were isolated from both the lung and fistulous exu-
dates on 5% blood agar plates. 
Microscopy and biochemical identification

All the isolates were Gram stained and mi-
croscopically viewed using a 100x objective lens 
according to the standard method (Markey et al., 
2013). The green metallic sheen, γ-haemolytic col-
onies (isolate 1) were found to be microscopically 
gram-negative (Fig. 2). 

Fig. 2. Microgram of Gram stained slide of green 
metallic sheen colonies showing gram-negative 
short rods as highlighted with black arrow

Similarly, one of the ß-haemolytic organisms 
(isolate 2) produced purplish coloration typical of 
a Gram-positive reaction and had a unique cells ar-
rangement. Most of the cells were grouped paral-
lel to each other (palisades), while some cells met 
at an angle forming Chinese characters (Fig. 3a). 
The other ß-haemolytic colonies were Gram-posi-
tive cocci in clusters and named isolate 3 (Fig. 3b). 
None of the bacteria identified were spore formers 
(Fig. 2 and Fig. 3) and all were further biochem-
ically characterized to species level (Table 1 and 
Fig. 4).

Fig. 3. Microgram of ß-haemolytic Gram-positive 
organisms showing rod shaped bacterium arranged 
in parallels (a) and gram-positive cocci in clusters 
(b) as highlighted in black circles respectively

Antibiogram of aerobic bacteria isolated from 
West African Dongola Mare with ulcerative 
lymphangitis

Kirby-Bauer disc diffusion method was used 
in assessing the antimicrobial profile of the bio-
chemically identified isolates on Muller-Hinton 
agar, and the results were interpreted using Clin-
ical and Laboratory Standards Institute (CLSI, 
2017) guidelines. The following antimicrobials 
from OxoidTM were used: ciprofloxacin (5µg), gen-
tamicin (30µg), chloramphenicol (30µg), amoxicil-
lin/clavulanic acid (30µg), carbenicillin (100µg), 
azithromycin (15µg), doxycycline (30µg), cefixime 
(5µg), and cefoxitin (30µg). Interestingly, none of 
the bacteria were multidrug-resistant, however, re-
sistance was observed to carbenicillin and cepha-
losporins (cefixime & cefoxitin) antimicrobials in 
all the isolated bacteria, and additional resistance to 
amoxicillin/clavulanic acid was observeved for E. 
coli (Table 2).
Discussion

Clinical manifestations of ulcerative lym-
phangitis in horses are similar to those reported 
in epizootic lymphangitis, and lymphangitis due 
to other pathogens such as equine cryptococcos-
es. Therefore, classical ulcerative lymphangitis re-
quires isolation of the principal pathogen as recom-
mended earlier by many scholars such as Zavoshti 
et al. (2009) and AL-Mubarak et al. (2013). In this 
study, the most common form of ulcerative lym-
phangitis in Nigeria, epizootic lymphangitis (EL) 
caused by the dimorphic fungus Histoplasma cap-
sulatum var. farciminosum was equally evaluated. 
Aliquot samples were sent to the National Veteri-
nary Research Institute (NVRI), Vom, Plateau state, 
for fungal culture and the results received were 
negative for fungi.

The present study confirmed that the ulcera-
tive lymphangitis that resulted in the death of the 
7-year-old mare was caused by the combined effects 
of C. pseudotuberculosis, S. aureus and E. coli. This 
result partly agrees with the findings of Zavoshti 
et al. (2009), Mamman et al. (2011), AL-Mubarak 
et al. (2013), and Spier (2019), who independent-
ly reported C. pseudotuberculosis as the primary 
cause of ulcerative lymphangitis in horses. Sim-
ilarly, the antimicrobial susceptibility test (AST) 
results revealed that the different bacteria isolated 
can be managed with either ciprofloxacin, gen-
tamicin, chloramphenicol and doxycycline, as they 
all demonstrated in vitro efficacy, which is in line 
with what was reported by Mamman et al. (2011). 
However, this finding does not correspond to the 
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in vivo treatement prior to the death of this mare, as 
its condition seemed non-responsive until  the even-
tual death of the animal. This is because ulcerative 
lymphangitis has been reported to be non-responsive 
to antimicrobials after the disease has progressed to 
chronic stage (Singathia et al., 2011; Spier, 2019).

Conclusion and Recommendations
C. pseudotuberculosis in conjunction with S. 

aureus and E. coli were responsible for the classi-
cal ulcerative lymphangitis that claimed the life of 
a 7-year-old West African Dongola mare in Zaria, 
Nigeria. The incriminating aerobic bacteria were 
susceptible to several antimicrobials in vitro. Im-
proved hygiene around the horse stable, flies’ con-
trol and prompt reporting of cases for early diagno-
sis and treatment could reduce the menace of this 
devastating disease.
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Table 1: Biochemical test results for identification of the aerobic bacteria from lung and fistulous exudate 
of West African Dongola Mare with Ulcerative Lymphangitis

Test
Results

Isolate 1 Isolate 2 Isolate 3

Gram reaction  Gram-negative rods Gram-positive rods 
Gram-positive cocci in 

clusters

Triple sugar iron Acid/Acid and gas NA NA

Motility Motile Non-motile NA
Citrate - NA NA
Indole + NA NA
Urease - NA NA
Methyl red + NA NA
Voges proskeur - NA NA
Oxidase + - NA
Catalase NA + +
Coagulase NA NA +
Identification E. coli C. pseudotuberculosis S. aureus

Key: + = positive, - = negative, NA (not assessed) = test not done

Fig. 4. Biochemical test results from left to rigt 
showing Triple sugar iron, Motility, Citrate, Indole, 
Urease, Methylred and Voges-Proskeur test  re-
spectively for E. coli identification

Table 2. Antibiogram of aerobic bacteria isolated from West African Dongola Mare with ulcerative lym-
phangitis

S/N Isolates
Antimicrobials

CIP CN C AMC CAR AZM DO CFM FOX
1. E. coli S S S R R S S R R
2. C. pseudotuberculosis S S S S R S S R R
3. S. aureus S S S S R I S R R

                 CLSI, 2017
Key: S = susceptible, R = resistance, I = intermediate, CIP = Ciprofloxacin, CN = Gentamicin, C = Chloramphenicol,  
AMC = Amoxicillin/clavulanic acid, CAR = Carbenicillin, AZM = Azithromycin, D) = Doxycycline, CFM = Cefixime, and  
FOX = Cefoxitin.
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75th Anniversary of the Stephan Angeloff Institute of Microbiology, 
Bulgarian Academy of Sciences

Celebration dedicated to the 75-th Anniversary of the Stephan Angeloff Institute of Microbiology 
was held in the Big Hall of the Bulgarian Academy of Sciences (Sofia) on 14 March 2022. The Institute 
was founded in 1947 by the famous Bulgarian scientist Academician Prof. Stephan Angeloff. This act was 
in response to the needs of the national economy and science, at that time mainly devoted to the problems 
of infectious pathology of humans and domestic animals. Later, several academicians of the Bulgarian 
Academy of Sciences (BAS) began the research that built various branches of modern microbiology in 
our country. Acad. Vladimir Markov set the beginning of infectious immunology, Acad. Ignat Emanuilov 
- of industrial microbiology with studies of microbiology of milk and dairy products, followed by the 
development of industrial enzymology by Prof. Milen Beshkov, microbial genetics by Corr.-Member of 
BAS Prof. Kalcho Markov, and virology by Acad. Angel S. Galabov.

Today, the Institute of Microbiology is a modern scientific and educational unit of BAS with 
headquarters in Sofia and branches in Plovdiv and Veliko Tarnovo. It is recognized by world science as a 
respected partner in the fields of general and infectious microbiology, biotechnology, immunology, virology, 
and mycology. 

The Institute is a member of the Pasteur Institute network, which brings together 33 institutes around the 
world, thus promoting Pasteur’s values as humanitarianism, universalism, accuracy and dedication, freedom 
of initiative, knowledge transfer, and free access to scientific information. The Institute of Microbiology is 
also a leader in the Balkan region and initiator of the Balkan Society for Microbiology which main activity 
is the organization every two years of Balkan Congress of Microbiology/“Microbiologia Balkanica”.

As part of the research field dedicated to “Biomedicine and Quality of Life” of BAS, our mission is 
to develop the world and national science and to help the spiritual and material wealth of society through 
our high-level research, scientific achievements, and well-known experts. Our goals are related to the areas 
with national priority as ecology and the environment, health, agriculture, and the food industry.

The jubilee went under the motto “Modern Microbiology: a Challenge for Improving the Quality of 
Life” and was attended by many scientists from various scientific institutions as well as from representatives 
of business organizations. The President of the Republic of Bulgaria, Mr. Rumen Radev, awarded the 
Stephan Angeloff Institute of Microbiology at BAS by a “St. St. Cyril and Methodius” plaque, a high 
award in recognition of its 75-year contribution to the development of Bulgarian science. The Board of 
BAS awarded the Institute by a Honorary Gold Plaque for its significant scientific contribution to the 
development of microbiology in Bulgaria and on the occasion of the 75th anniversary of its founding. The 
plaque was presented by Acad. Julian Revalski, President of BAS, to the Director of the Institute, Prof. 
Penka Petrova. Congratulatory addresses from a number of institutions were also received.

Prof. Soren Hayrabedyan from the Institute of Biology and Immunology of Reproduction "Acad. 
Kiril Bratanov" gave an academic lecture on “The role of the NLRP3 inflammatory in the pathogenesis of 
important public diseases”. 

The director of the institute, Prof. Penka Petrova, presented a plaque "75 years of the Stephan Angeloff 
Institute of Microbiology” for a significant scientific partnership to the Faculty of Biology, Sofia University 
"St. Kliment Ohridski”, National Center for Infectious and Parasitic Diseases, and Faculty of Chemical and 
Systems Engineering, University of Chemical Technology and Metallurgy.

The award of the Academician Professor Dr. Stephan Angeloff Foundation for the best publication in 
2021 of young microbiologists was also granted: to Kristiana Amirova from the Stephan Angeloff Institute 
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of Microbiology, BAS, Lidiya Tsigoriyna from the Institute of Chemical Engineering, BAS, and Yordan 
Kalchev from Medical University of Plovdiv.

Professor Penka Petrova, DSc.
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Awards of Foundation „Acad. Prof. Dr. Stephan Angeloff” for 2021
The Acad. Prof. Dr. Stephan Angeloff Foundation on January 24, 2022 announced a competition for 

the best scientific paper of a young microbiologist in the country published in 2021. 
At its meeting on March 7, 2021, the Board of the Foundation considered the nominations for „The 

best scientific paper of a young microbiologist in the country published in 2021“ Competition Award of the 
Foundation. The jury named three winners: 

	First prize – Kristiana Armirova for the article „Biotechnologically-produced myconoside and 
calceolarioside E induce Nrf2 expression in neutrophils” (published in International Journal 
of Molecular Sciences 22(4), 1759, IF =5.924); 

	Second prize – Lidiya Tsigoriyna for the article „Highly efficient 2,3-butanediol production by 
Bacillus licheniformis via complex optimization of nutritional and technological parameters” 
(published in Fermentation 7(3), 118, IF=3.975); 

	Third prize – Yordan Kalchev for the article „Combined testing of cerebrospinal fluid IL-12(p40) 
and serum C-reactive protein as a possible discriminator of acute bacterial neuroinfections” 
(published in Cytokine 140:155423, IF=3,861).

The awards were presented at the solemn scientific conference dedicated to the 75th anniversary of 
the establishment of The Stephan Angeloff Institute of Microbiology, held on March 14, 2022.
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Events

XVth Congress of the Bulgarian 
Microbiologists with International Participation

Dedicated to the 75th Anniversary of the Stephan Angeloff Institute of Microbiology  
at the Bulgarian Academy of Sciences 

and
The International Year of Basic Sciences for Sustainable Development  

proclaimed by the United Nations General Assembly for 2022.



First announcement and Call for papers
Dear Colleagues,
On behalf of the Scientific Committee, it is my great pleasure to welcome you to the XVth National 

Congress of the Bulgarian Microbiologists with International Participation which will be held in the town of 
Koprivshtica at 05-08 October 2022. The Congress will be the key event for presenting, sharing, and discussing 
the newest achievements and developments, and upcoming trends in all branches of the microbiology science.

I am looking forward to an exciting meeting and I hope that many of you will join us!
Best regards and stay safe,
Angel S. Galabov, President of the XVth National Congress’ Organizing Committee

Call for participation
The Scientific Committee would like to invite everyone from the microbiological community of Bulgaria 

and Europe. You are cordially invited to submit your latest and best results as an oral or poster presentation for 
the 15th Congress of BMD. Send your abstracts on the following topics: 

General Microbiology 
Applied Microbiology and Microbial Biotechnology
Virology
Medical Microbiology
Infectious Immunology
Veterinary Microbiology
Food Microbiology
Environmental Microbiology
Round Table “Covid-19 pandemic”
Round Table “Education and Lab-Training in Microbiology“
Varia

Registration fees

Registration fees Early registration fee  
till June 30, 2022 Late registration fee

Academic Delegates 120 € 150 €
PhD students and  
early carrier scientists 60 € 100 €

NB! Registration fees are to be paid both in € or BGN.

Important dates
June 30, 2022 - Deadline for abstracts submission
June 30, 2022 - Deadline for early registration
October 5, 2022 - Official Opening
October 8, 2022 - Closing of the Congress

For additional information and on-line registration please visit the official Congress website : 
http://microbio2022.bg/ 
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