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Review

Adaptive Mechanisms of Streptococcus pneumoniae in the Postvaccine Era
Alexandra S. Alexandrova
Department of Medical Microbiology, Medical Faculty, Medical University of Sofia, Bulgaria
Abstract 

Streptococcus pneumoniae is a vaccine-preventable bacterial pathogen but remains the leading cause 
of community-acquired pneumonia even after the worldwide administration of pneumococcal vaccines. In 
the era of routine immunization with pneumococcal conjugate vaccines (PCVs) and antibiotic pressure, S. 
pneumoniae uses specific adaptive mechanisms for vaccine escape and fast-growing mutations not recog-
nized by the PCVs. Pneumococcus may evolve to adapt by mainly two mechanisms affecting their capsule 
antigens (the vaccine targets): capsule switching and capsule replacement. Vaccination affects the capsular 
antigens and resulted in a serotype replacement with an increased proportion of pneumococci with nonvac-
cine serotypes in asymptomatic carriers and symptomatic cases, indicating fast adaptation of this pathogen 
to the selective pressure of the PCVs. The ability of pneumococci to acquire and incorporate exogenous 
DNA is an important evolutionary mechanism for adaptation to antibiotic therapy and vaccination. Ex-
amining the changing epidemiology due to shifting serotypes and the adaptive mechanisms that allow the 
emergence of successful pneumococcal isolates is the key step to understanding the adaptive behavior of S. 
pneumoniae and the severe manifestations of pneumococcal diseases.
Keywords: S. pneumoniae, vaccine-escape, serotype replacement
Резюме

Streptococcus pneumoniae е ваксино-предотвратим бактериален патоген, но остава водеща 
причина за пневмония, придобита в обществото, дори след прилагането на пневмококови ваксини 
в световен мащаб. В ерата на рутинна имунизация с пневмококови конюгирани ваксини (PCVs) 
и антибиотичен натиск, S. pneumoniae използва специфични адаптивни механизми за бягство 
от ваксината и бързо развиващи се мутации, които не се разпознават от PCVs. Пневмококите 
еволюират и се адаптират главно чрез два механизма, засягащи капсулните им антигени (мишените 
на ваксината): превключване на капсулата и замяна на капсулния тип. Ваксинацията повлиява 
капсулните антигени и води до серотипово заместване с повишен дял на пневмококи от неваксинални 
серотипове при асимптоматични носители и симптоматични случаи, което показва бързо адаптиране 
на този патоген към селективния натиск на PCVs. Способността на пневмококите да придобиват и 
включват екзогенна ДНК е важен еволюционен механизъм за адаптиране към антибиотична терапия 
и ваксинация. Изследването на променящата се епидемиология, дължаща се на изместващите се 
серотипове и адаптивните механизми, които позволяват появата на успешни пневмококови изолати, 
е ключовата стъпка към разбирането на адаптивното поведение на S. pneumoniae и тежките прояви 
на пневмококовите заболявания.
Introduction 

Streptococcus pneumoniae (pneumocococ-
cus) is an important opportunistic pathogen that 
colonizes the upper respiratory tract with wide-
spread transmission in the community. S. pneumo-
niae may lead to non-invasive infections like otitis 
media, sinusitis, bronchitis, and rhinopharyngitis  

 
and may spread to other organs causing pneumo-
nia, bacteremia, and meningitis with significant 
morbidity and mortality (van de Beek et al., 2016; 
Leung et al., 2018). Transmission of pneumococci 
between individuals occurs through close contact 
and aerosols, and colonization is a prerequisite for 
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disease although many colonized individuals do not 
experience symptoms. Therefore, the ability of S. 
pneumoniae to adhere to nasopharyngeal mucosal 
epithelial cells is an important step in the process 
leading to pathogenesis. Many predisposing factors 
can increase the probability of pneumococcal col-
onization: young age (<5 years old), old age (>65 
years old), and immunocompromised populations. 
Pneumococcal colonization is also affected by so-
cioeconomic factors, crowding, alcoholism, smok-
ing, viral infections affecting the respiratory tract, 
chronic obstructive pulmonary disease, corticoste-
roid therapy, and lack of pneumococcal vaccination 
(El Moujaber et al., 2017).
Post-vaccine effect and adaptation to the 
vaccine pressure

The pneumococcus is a vaccine-preventable 
agent but remains the leading cause of communi-
ty-acquired pneumonia even after the worldwide 
administration of pneumococcal vaccines (Mas-
omian et al., 2020). The available pneumococcal 
conjugate vaccines (PCVs) contain purified cap-
sular polysaccharides of pneumococcal serotypes 
conjugated to a carrier protein. Unlike the pneumo-
coccal polysaccharide vaccine, the pneumococcal 
conjugate vaccine protects children younger than 
2 years of age. It protects against severe forms of 
pneumococcal diseases, such as pneumonia, men-
ingitis, and bacteremia.

The first PCV, licensed in 2000, offered pro-
tection against 7 serotypes (4, 6B, 9V, 14, 18C, 19F, 
23F). In 2015, PCV7 had been replaced by two oth-
er conjugate vaccines in more than 120 countries 
worldwide and is no longer in use (WHO, 2019). 
These two conjugate vaccines are available since 
2009: PCV10, a 10-valent vaccine (PCV7 + sero-
types 1, 3, 7F), and 13-valent (PCV10 + serotypes 
19A, 6A, 3). Since April 2010, PCV10 (Synflorix) 
is licensed for routine immunization in Bulgaria. 
The vaccination schedule for PCV10 in our country 
is carried out with two vaccines at 2 and 4 months 
of age and re-immunization with one vaccine at 12 
months of age. 

The pneumococcal vaccines affected the rate 
of invasive infections and many reports declared a 
significant decrease in the rates of meningitis cas-
es, and bacteriemia. S. pneumoniae infection was 
the most common cause of bacterial meningitis in 
children, ranging from 22.5% in Europe to 41.1% 
in Africa, and in adults ranging from 9.6% in the 
Western Pacific to 75.2% in Africa. (Oordt-Speets, 
2018; Zancolli, 2011).

On the other hand, vaccination affects the 

capsular antigens and resulted in a serotype re-
placement with an increased proportion of pneumo-
cocci with nonvaccine serotypes in asymptomatic 
carriers and symptomatic cases, indicating fast ad-
aptation of this pathogen to the selective pressure of 
the PCV vaccines. Even some studies discussed the 
reduced incidence of pneumococcal meningitis due 
to vaccination might be only temporary (Koelman 
et al., 2020).

The emergence of successful pneumococcal 
isolates in the post-vaccine era is a result of the 
remarkable adaptive ability of S. pneumoniae at a 
molecular and physiological level. In the presence 
of vaccine pressure, pneumococcus uses specif-
ic adaptive mechanisms for vaccine-escape and 
fast-growing mutations not recognized by the vac-
cines.
Highly recombinogenic nature of S. pneumoniae

S. pneumonia is known as a pathogen with 
a highly recombinogenic nature. The pneumococ-
cal genetic variability is provided by endogenous 
mechanisms and horizontal transfer. Genetic trans-
formation is a major source of genetic variability 
for pneumococcus. S. pneumoniae is competent for 
natural genetic transformation, taking up naked sin-
gle strands of DNA from the environment and in-
corporating it into its genome through homologous 
recombination.

There are three selected natural strategies 
for the generation of genetic diversity: nucleotide 
substitution, DNA rearrangements, and gene ac-
quisition. The uptake of pneumococcal DNA or 
DNA from related species is an extremely powerful 
mechanism for the rapid evolution of the pneumo-
coccal genome and can contribute significantly to 
genome plasticity in S. pneumoniae (Hsieh et al., 
2008).

The polysaccharide capsule is the key target 
for the vaccines and a main virulent factor of S. 
pneumoniae. It is involved in the adhesion to ep-
ithelial surfaces and protects pneumococcal cells 
from engulfment and digestion by polymorphonu-
clear leucocytes. The capsule plays a crucial role 
in the escape from host defenses through comple-
ment-dependent and -independent phagocytosis 
(Geno et al., 2015). 

Currently, 101 S. pneumoniae capsular sero-
types have been identified, but a limited number 
of the serotypes are responsible for the majority of 
invasive diseases and are subject to the available 
PCVs (Paton and Trapetti, 2019). The newest dis-
covered serotype, 24°C, is found in the current year 
(Ganaie et al., 2022). Pneumococci differ in their 
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rates of carriage and disease potential. Some strains 
are carried frequently but do not commonly cause 
IPD, whereas other strains are not carried frequent-
ly but commonly cause IPD.

The pneumococcal capsule locus is a hotspot 
for mutation exhibiting a higher rate of genetic 
recombination compared to the rest of the pneu-
mococcal genome (Sanchez et al., 2011; Geno et 
al., 2015). Investigations indicated that the genes 
responsible for capsule synthesis were linked to 
the pneumococcal chromosome. These genes are 
organized in a cassette-type organization. The cap 
cassette (or cps) is inserted at the same chromosom-
al location in all investigated serotypes except cap-
sule type 37. Only type 37 is directed by a single 
gene, tts, distant from the cap locus by at least 820 
kb (Llull et al., 1999) and contains 19 type-specific 
genes (< 20 kb of DNA for the longest). The capsule 
variations are explained by the highly recombino-
genic processes in S. pneumoniae that undergoes 
frequent horizontal transfers, able to generate the 
capsule switches (Coffey et al., 1998).

In the post-vaccine era and routine immuni-
zation with PCVs, these bacterial pathogens may 
evolve to adapt by mainly two mechanisms that 
affect their capsule antigens (the vaccine targets): 
capsule or serotype switching and capsule or sero-
type replacement.

Capsule switching involves two strains of a 
species that may exchange their capsule polysac-
charide synthesis (cps) genes resulting in a substi-
tution of their capsule antigens. 

S. pneumoniae vaccine-type capsule strain 
may exchange its cps genes with a non-vaccine 
capsule type. In some pneumococcal serotypes, 
capsule-switching may occur spontaneously in 
the absence of vaccine pressure and such cap-
sule-switching events have been reported before 
conjugate vaccine introduction (Temime et al., 
2008; Johnston et al., 2014).

Capsule-switched strains can also be select-
ed by vaccine-induced immune pressure and/or by 
widespread antibiotic use if the capsule-switched 
strain carries antibiotic-resistance genes (Straume 
et al., 2015; Dobay, 2019). After capsule switching, 
the recipient strain will retain its original genetic 
background but expresses a different, non-vaccine 
type of capsule.

Capsule replacement happens when strains 
with vaccine capsule serotypes that inhabit the na-
sopharynx have been eliminated by the conjugate 
vaccines and are being replaced by strains express-
ing non-vaccine capsule serotypes. As a result, 

strains of nonvaccine capsule serotypes may in-
crease in prevalence and eventually cause disease. 
There are many reports for non-vaccine capsule 
types which are able for further selected by wide-
spread antibiotic use and they may possess the cor-
responding antibiotic resistance genes (Janapatla et 
al., 2010; Andam and Hanage, 2015; Feldman and 
Anderson, 2020).
Antibiotic pressure

The improvements in treatment and adequate 
therapy reduced the case-fatality ratio of severe 
pneumococcal diseases like meningitis and pneu-
monia. The case fatality ratio reached around 25% 
in Europe and USA in 2015 and showed high lev-
els of 61% in Africa in the same year (Wahl et al., 
2018; Wright et al., 2021).

The main resistance problems among the 
pneumococcal strains are associated mainly with 
beta-lactam and macrolide resistance. Resistance 
to beta-lactam antibiotics has emerged in S. pneu-
moniae through the development of altered penicil-
lin-binding proteins (PBPs) with decreased affinity 
for beta-lactam antibiotics. (Ho and Ip, 2019). Mo-
saic pbp genes containing regions from the same 
genes from other streptococcal species have been 
detected in penicillin-resistant pneumococcal iso-
lates.

High resistance to beta-lactam antibiotics is 
disclosed mainly in strains in which mosaics differ 
by around 25% in DNA sequence in three out of 
the five pbp genes. Additionally, a huge diversity 
was reported for each pbp gene (Hakenbeck et al., 
2012). 

In S. pneumoniae, macrolide resistance is due 
to ribosomal methylation by an enzyme encoded by 
the erm(B) gene, efflux by a two-component efflux 
pump encoded by mef (E)/mel(msr(D) gene, and, 
less commonly, mutations of the ribosomal target 
site of macrolides. Different genetic elements fa-
cilitate the macrolide resistance in S. pneumoni-
ae: erm(B) is found on Tn917, while the mef (E)/
mel operon is carried on the 5.4- or 5.5-kb Mega 
element. Mega is widely disseminated through 
horizontal DNA exchange and homologous re-
combination. The macrolide resistance determi-
nants, erm(B) and mef (E)/mel, are also found on 
large composite Tn916-like elements most notably 
Tn6002, Tn2009, and Tn2010. (Schroeder and Ste-
phens, 2016). The erm(B) gene is the most common 
among the macrolide-resistant strains and provides 
high-level resistance.

Dual macrolide resistance genotype in S. 
pneumoniae containing both erm(B) and mef(E)/
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mel was first reported in 1998 (Corso et al., 1998; 
Nishijima et al., 1999) and is now found worldwide 
(Farrell et al., 2008). Tn2010 has been identified 
as the major composite mobile element that con-
tains erm(B) and mef(E)/mel (Mega) (Del Grosso 
et al., 2007). Tn2010 emerged after the introduc-
tion of PCV7 in the non-vaccine serotype 19A and 
sequence type (ST)320. (Del Grosso et al., 2007). 
ST320 represents mostly multidrug-resistant strains 
with a “capsule switch” from serotype 19F and is 
responsible for a global pandemic after the PCV7 
introduction (Shin et al., 2011).

In the last years, studies for both invasive 
and non-invasive pneumococcal isolates from Bul-
garia presented high levels of multidrug resistance 
to more than four or five classes of antimicrobial 
agents (Setchanova et al., 2018; Alexandrova et al., 
2021). Most frequent is the simultaneous nonsus-
ceptibility to penicillin, erythromycin, clindamycin, 
tetracycline, and trimethoprim-sulphamethoxazole.
Monitoring of successful spreading of 
pneumococcal genetic lineages

The Global Pneumococcal Sequencing pro-
ject (GPS, http://www.pneumogen.net/ gps/) is a 
worldwide genomic surveillance network of Strep-
tococcus pneumoniae isolates. It includes a large 
number of pneumococcal genomes clustered into 
lineages named Global Pneumococcal Sequence 
Clusters (GPSCs). It uses whole genome sequenc-
ing to study pneumococcal serotype, sequence 
type, antibiotic sensitivity, and measuring for inva-
siveness using odds ratios that relate prevalence in 
invasive pneumococcal disease to a carriage. GPS 
provides an international understanding of pneu-
mococcal population structure and PCV impact 
(Gladstone et al., 2020).

Multilocus sequence typing (MLST) uses 
DNA sequences of internal fragments of multiple 
housekeeping genes for population sequence data 
and characterized the allelic profiles and clonal 
structure of the isolates. The great advantage of 
MLST is providing sequence data and the allelic 
profiles of isolates can easily be compared to those 
in a large central database (Feil and Enright, 2004). 
Pneumococcal Molecular Epidemiology Network 
(PMEN) is the pneumococcal epidemiology net-
work for global surveillance of antibiotic-resistant 
S. pneumoniae isolates and the classification of the 
circulating resistant clones. 

The important pneumococcal clones which 
spread in many geographic areas are characterized 
by expanded antibiotic resistance profiles and pos-
sess different capsular polysaccharides. The suc-

cess of virulent clones is due to many genetic fac-
tors and concordance between serotypes and geno-
types (Weiser et al., 2018).

The potential of a specific strain to acquire 
resistance relies on the genome. Additionally, sev-
eral MDR clones may switch to a new serotype 
and will be associated with multiple capsule types. 
These MDR clones can acquire a novel capsule 
type through the exchange of the sequence that de-
termines the serotype and the sequence at the cps 
locus. The changes lead to the formation of mutants 
that express non-vaccine type capsules. Both the 
selective pressure of the vaccine and the antibiotic 
pressure select non-vaccinal serotypes. Antibiotic 
resistance increases in non-vaccinal strains and can 
occur through different pathways. It can happen 
by an expansion of MDR clones that were already 
present in a pre-vaccination period and are asso-
ciated with vaccinal types, may happen by clones 
that have acquired resistance as a result of the high 
frequency of recombination in these species, or by 
acquiring a new capsule type in MDR vaccinal iso-
late through serotype switching or recombination 
(Straume et al., 2015).

Various non-PCV serotypes have emerged in 
places where PCV immunization programs have 
been implemented reflecting geographical differ-
ences in serotype prevalence and distribution (Pletz 
and Bahrs, 2021). Non-PCV13 serotypes like sero-
type 8, 10A, 11A, 12F, 15A, 15B/C. 16F, 22F, 24F, 
33F, and 35B/D, have been described as causes of 
invasive pneumococcal infections. To deal with 
this increase in non-PCV serotypes, 15-valent and 
20-valent PCVs have been developed and are now 
in early clinical trials (Hausdorff et al., 2012; Koel-
man et al., 2020).

In Bulgaria, based on our sequence typing 
studies during the post-vaccine era (Setchanova et 
al., 2018, Alexandrova et al., 2021), all prevailed 
serotypes are non-PCV10 types and are distributed 
globally. The most widespread serotypes and adap-
tive genetic lineages throughout the PCV10-period 
in our country are listed below:

Serotype 3 is included in the PCV13 vaccine. 
It persisted in the nasopharyngeal samples as well 
as in specimens obtained from IPD patients despite 
PCV13 usage (Luck et al., 2020). MLST investi-
gations showed that the most widespread clonal 
complex containing a majority of clinical isolates 
that have been sequenced and analyzed to date is 
CC180. (Azarian et al., 2018; Groves et al., 2019). 
CC180 is also known as Netherlands3 -31 or refer-
ence clone PMEN31. Genome sequencing research 
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revealed different clades of serotype 3 isolates. The 
major complex of serotype 3, CC180 is included 
in lineage GPSC12 and it can be divided into three 
clades: clade I, which contains subclades Ia and Ib, 
and clade II (Azarian et al., 2018; Groves et al., 
2019). Genes encoding key virulence determinants 
such as NanA, PspA, and CbpA showed high lev-
els of variability between the three clades. Several 
variations in genes responsible for increased drug 
resistance, such as Tet32, were also observed with-
in clades Ib and II, but not within Ia isolates (Azari-
an et al., 2018; Groves et al., 2019). These investi-
gations hypothesized clade II is with a competitive 
advantage compared to clade Ia. It is revealed, that 
Clade II have sub-capsular protein antigen changes, 
which could explain strains of the new clade have 
adapted to exist despite the presence of immunity 
induced by PCV13.

Serotype 19A is included in the PCV13. Se-
rotype 19A includes mostly MDR isolates and its 
clones are frequent in several parts of the world 
even before the introduction of PCV7, mostly driv-
en by inappropriate antibiotic consumption (Isturiz 
et al., 2017). The expansion of serotype 19A in the 
post-PCV7 period was observed in many countries 
in Europe, the USA, and Latin America and led to 
19A becoming a leading cause of pneumococcal 
diseases in vaccinated and nonvaccinated individ-
uals (Isturiz et al., 2017).

Many reports declared serotype 19A vaccine 
escape-recombinant strains (Filippo et al., 2011). 
Brueggemann commented that 19A stains possess 
a genotype previously associated only with vac-
cine serotype 4. The main recombinational event, 
involving capsular locus flanking regions and two 
adjacent penicillin-binding proteins, has noted 
in 2003, resulting in recombination between the 
recipient ST695, serotype 4, and a donor ST199, 
serotype 19A. Other examples are two new geno-
types of serotype 19A vaccine escape strains that 
emerged in the next years: ST2365 serotype 19A 
and ST899 serotype 19A, both derived from two 
new recombinational events between serotype 4 re-
cipients and serotype 19A donors (Brueggemann et 
al., 2007).

Different studies have controversially dis-
cussed whether the increase in serotype 19A infec-
tion was a direct result of a serotype replacement 
following the vaccination program with PCV7 or 
whether other factors contributed to these changes 
in the serotype epidemiology. The increase could 
be a result of selective pressure due to the excessive 
use of antibiotics. An increase in MDR clones of 

19A has been observed among IPD in children in 
Israel (Somech et al., 2011) and Bulgaria (Setch-
anova et al., 2015), countries with very limited or 
no access to PCV7 at that time. On the other hand, 
many European countries with routine PCV7 im-
munization reported an increase in non-vaccine se-
rotype IPD, especially in serotype 19A (Isturiz et 
al., 2017).

Currently, the most widespread 19A genotype 
is globally distributed in CC320/271 which com-
prises closely related multidrug-resistant serotype 
19F and serotype 19A strains. (Isturiz et al., 2017). 
Two sequence types (STs) within CC320/271, 
ST271, and ST236 are possible ancestral genotypes 
of this complex. The oldest strains in the MLST 
database from CC320/271 are serotype 19F strains 
from 1993, potentially suggesting that serotype19A 
strains of CC320/271 have occurred more recent-
ly through capsular switching (Mott et al., 2019; 
Varghese et al., 2021; Nakano et al., 2022).

Serotype 6C is a non-PCV13 serotype. Be-
fore the introduction of pneumococcal conjugate 
vaccination, serogroup 6 was one of the most com-
mon causes of IPD among children and adults (van 
der Linden et al., 2013). Originally, serogroup 6 
comprised two serotypes, 6A and 6B. Currently, 
serogroup 6 contains five serotypes with cps locus 
homogeneity and similar sequence types: serotypes 
6A, 6B, 6C, 6D, and 6E (Song et al., 2011; Baek et 
al., 2014). 

Serotype 6B is included in PCV10, but sero-
types 6A, 6C, 6D, and 6E are not. Both 6A and 6B 
are included in the PCV13. Authors commented on 
PCV13, a cross-protection from serotype 6A anti-
bodies for serotype 6C, because PCV13 immune 
sera showed strong opsonophagocytic responses to 
serotype 6C (Yun et al., 2014).

It has been observed that serotypes 6C and 6D 
emerged by the replacement of a wciN gene in the 
capsular loci of serotypes 6A and 6B, respective-
ly. The widespread serotype 6C could be identified 
among the isolates previously typed as 6A. In sero-
type 6C, the capsular locus of the wciNa gene has 
been replaced through homologous recombination 
by the wciNb gene. Shortly after that, serotype 6D 
was found in clinical isolates (Song et al., 2011). 
MLST analysis indicated that most of the serotype 
6C and 6D isolates were not so closely related to 
serotype 6A and 6B isolates. The most common 
STs among 6C isolates in our country are ST386 
and ST, which is a DLV of Poland6B-20 (Alexandro-
va et al., 2020).

Looking globally at serogroup 6, two inter-
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national clones (Spain6B-2 and South Africa6B-8) 
were common in the USA and Spain at the time of 
PCV7 introduction. Penicillin-sensitive and resist-
ant clones co-existed and remained a reservoir of 
potential replacement isolates (Rolo et al., 2011; 
Rudolph et al., 2013).

Serotype 15A is a non-PCV13 serotype. Inter-
nationally, several groups have remarked on the in-
creased prevalence of multidrug-resistant serotype 
15A and 35B isolates. Investigations from Hungary 
and Sweden reported increases in the prevalence 
of serogroup 15 and mostly of serotype 15A not 
only in clinical cases but in a carriage (Kovach et 
al., 2019; Yamba Yamba et al., 2022). The capsule 
switch between strains within a serogroup occurred 
more often than the serotype switch involving 
strains between different serogroups. Investiga-
tions demonstrated that serotype 19A may escape 
the PCV13 selection by a further switch to sero-
type (Shepard et al., 2016). Multiple drug-resistant 
serotypes 15A pneumococcus emerged by capsular 
switching from serotype 19A/ST276 (Shepard et 
al., 2016; Bastiaens et al., 2018).

Studies reported nosocomial transmission of 
multi-resistant serotype 15A S. pneumoniae that 
resulted in lower respiratory tract infections and 
chronic pulmonary diseases (Bastiaens et al., 2018). 

Serogroup 23 consists of serotype 23F, which 
is presented in the PCVs, and the emerging sero-
types non-vaccinal serotypes 23A and 23B. The 
structure of the serotype 23B capsular polysaccha-
ride is the same as 23F but without the one termi-
nal subunit α-Rha. The immunodominant terminal 
α-Rha of 23F is with different polymerization in the 
cps biosynthesis locus of 23A and is absent in 23B 
(Palacios et al., 2017; Ravenscroft et al., 2017), 
which may lead to cross-reactions in some 23A 
cases. 

Serotype 23A is emerging in our country and 
other Asian countries (Wu et al., 2020; Alexandro-
va et al., 2021; Karimi et al., 2021). Most of the 
isolates are multidrug-resistant with high rates of 
non-susceptibility to β-lactam antibiotics. ST155 is 
prevalent among the serotype 23A isolates in recent 
years in Taiwan (Wu et al., 2020). In our country, 
the 23A isolates from ST8029 and ST311 from 
GPS type 7 were the most common. (Alexandrova 
et al., 2021).
Conclusion

The ability of pneumococci to acquire and 
incorporate exogenous DNA is an important evolu-
tionary mechanism for adaptation to clinical inter-
ventions such as antibiotic therapy and vaccination. 

Examining the changing epidemiology due to shift-
ing serotypes and the adaptive mechanisms that 
allow the emergence of successful pneumococcal 
isolates is the key step to understanding the adap-
tive behavior and severe manifestations of pneumo-
coccal diseases. 
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Abstract

An outbreak of coronavirus infection named SARS-CoV-2 emerged in December 2019 in Wuhan, a 
province of China. It caused a worldwide pandemic that led to devastating effects on healthcare systems 
and the economy. The contagiousness of the infection and the consequences of the disease in everyday life 
highlighted the great need for a suitable treatment against coronavirus as soon as possible. Therefore, lots 
of scientists all around the world focused on the discovery of a proper therapy against the virus. The pres-
ent article explains the main differences in the clinical picture among different patients, the characteristics 
and concomitant diseases of more vulnerable people, medicines, and vaccines used in mass vaccinations. 
The first data that concern the effectiveness of vaccines from the countries that have already started mass 
vaccinations are positive. It is very early to conclude about the efficacy of vaccines in the population. How-
ever, the appearance of novel virus mutations raises concerns and forces some countries to impose further 
restrictions. The latest and the most contagious variant, known as Omicron, seems to decrease the global 
pandemic significantly.   
Keywords: SARS-CoV-2, pathophysiology, diagnosis, symptoms, therapies, vaccines.
Резюме

Огнище на коронавирусна инфекция, наречена КОВИД-19, се появи през декември 2019 г. в 
Ухан, провинция на Китай. Това предизвика световна пандемия, която доведе до опустошителни 
ефекти върху здравните системи и икономиката. Заразността на инфекцията и последствията от бо-
лестта в ежедневието подчертаха голямата необходимост от подходящо лечение срещу коронавирус 
възможно най-скоро. Затова много учени по целия свят се фокусираха върху откриването на подхо-
дяща терапия срещу вируса. Настоящата статия обяснява основните разлики в клиничната картина 
при различните пациенти, характеристиките и съпътстващите заболявания при по-уязвимите хора, 
лекарствата и ваксините, използвани при масовите ваксинации. Първите данни, които касаят ефек-
тивността на ваксините от страните, вече са започнали масово ваксиниране са положителни. Много 
е рано да се правят заключения за ефикасността на ваксините в популацията. Появата на нови вирус-
ни мутации, обаче предизвиква безпокойство и принуждава някои страни да наложат допълнителни 
ограничения. Най-новият и най-заразният вариант, известен като Омикрон, изглежда намалява зна-
чимостта на глобалната пандемия.

Introduction 
The coronavirus infection emerged in Wuhan, 

a China province, and spread rapidly from China 
to other regions and countries worldwide; thus, the 
pandemic took over. Europe became the epicenter 
of the coronavirus pandemic, and the virus spread 
to the United States. The percentage of active cases 
of COVID-19 and deaths was very high, especially 
in Italy and many regions of the United States. Pan-
demics indicate epidemics that spread globally. An  

 
epidemic is an outbreak of a disease that spreads 
over a large geographic area. Pandemics can result 
in a significant loss of human life and are considered 
public threats. During a pandemic, many things that 
were previously for granted change. There is no 
doubt that a suitable drug or vaccine that can fight 
coronavirus infection is the only solution for life to 
return to the pre-coronavirus state; thus, a vaccine 
or a cure constitutes one of the most valuable so-
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cial goods nowadays. That is why the research in 
this field is of great interest, and many scientists 
focused on it from the beginning of the pandem-
ic. The main aim is the massive protection of the 
population against infection. Many existing drugs 
were used to treat patients who suffered from the 
virus. Although various treatments against the virus 
and mass vaccinations have already started, all the 
countries worldwide continue to fight the spread 
through social distancing, lockdowns, personal pro-
tective equipment (PPE), and proper hygiene (Val-
samatzi-Panagiotou and Penchovsky, 2022)That is 
attributed to the fact that new mutations of the virus 
appeared and that it will take time to vaccinate a 
satisfactory amount of the population to create im-
munity  (Grennan, 2019; Wang et al., 2020; Yuki et 
al., 2020; Valsamatzi-Panagiotou, 2021).
Patients with comorbidities and SARS-CoV-2 
infection

The paradox of the infection with the virus 
is the heterogeneity of the severity of symptoms. 
There are various reasons why the clinical picture 
of different patients varies. The person’s age who 
gets infected with the virus is one of the main fac-
tors. People after 65 years old are at a higher risk 
of suffering from a severe infection than younger 
people who present primarily with mild symptoms. 
The explanation is that the immune system of the 
elderly cannot start an effective initial defense. At 
the same time, children are less affected because 
their immune system is less likely to progress to 
a cytokine storm. That is also shown by the data 
published by Chinese researchers after the SARS-
CoV-2 outbreak (Fig. 1).

Fig. 1. The age range of the people affected by the 
SARS-CoV-2 

The actual mechanism of action of ACE-2 in 
the lungs is unknown, although it seems to play a 
protective role against severe lung injury. A possi-

ble scenario for the worse clinical picture of smok-
ers and patients with pulmonary disorders who suf-
fer from Covid-19 is the up-regulation of ACE-2 
expression in the lower airways in chronic obstruc-
tive pulmonary disease (COPD) and active ciga-
rette smoking (Leung et al., 2020). Patients who 
suffer from chronic diseases such as cardiovascular 
diseases (CVD), diabetes mellitus (DM), chronic 
respiratory diseases such as a chronic obstructive 
pulmonary disease (COPD) and asthma, arterial 
hypertension (AH), obesity, cancer, and patients 
who are in medication with immunosuppressive 
drugs are more vulnerable. If they get infected with 
the virus, their clinical picture will worsen, and 
the mortality rate will be higher than those with no 
comorbidities. A possible explanation may be that 
the pathogenesis of some chronic diseases may be 
closely related to the pathogenesis of COVID-19. 
In detail, there are some standard features between 
chronic diseases and infectious disorders, such as 
the proinflammatory state and the attenuation of the 
innate immune response. In diabetes mellitus, in-
flammatory mediators such as IL-1β and TNFα are 
released due to the accumulation of activated innate 
immune cells in metabolic tissues, leading to sys-
temic insulin resistance and the damage of β-cells. 
Individuals who suffer from metabolic disorders 
seem to be more susceptible to the complications 
of the infection due to their reduced immune func-
tion (Bourgonje et al., 2020; Hussain et al., 2020; 
Martelli et al., 2020; Tadic et al., 2020; Yang et al., 
2020) (Fig 2).

Nevertheless, even though young people in-
fected by SARS-CoV-2 may be asymptomatic or  
 

Fig. 2. The fatality rate in COVID-19 patients with 
concomitant diseases  
 
have mild symptoms, they should also be cautious 
and avoid a possible infection with the virus. If 
they get infected, they can be asymptomatic car-
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riers and spread the infection to more vulnerable 
people like the elderly and concomitant diseases. 
There is no current data on the long-term effects 
of the virus on the organism, which is also an im-
portant reason which highlights the need to reduce 
the spread of the virus. Indeed, the patients who 
recover from the infection should be monitored 
carefully to prevent any possible long-term com-
plications of the virus (Pan et al., 2020; Yu and 
Yang, 2020) (Fig. 3).

Fig. 3. Case severity of COVID-19 symptoms 
The statistics of the patients who were infected with the 
SARS-CoV-2 reveal that most of the patients experience mild 
symptoms, some of them severe symptoms, and a few critical.

The nasal mucus contains mucins, electro-
lytes, IgA and IgG, lysozyme, lactoferrin, and ol-
igosaccharides with antiviral and antibacterial 
proprieties. Besides, the production of hyaluronic 
acid is also stimulated, which is responsible for 
maintaining a good tropism in the nasal mucosa 
and proper hydration of the mouth. Estrogens also 
act directly on the bronchial epithelial cells by in-
creasing the production of mucous, which is rich 
in antiviral agents. All these properties contribute 
to estrogen’s protective role against the virus. In 
contrast to estrogens, testosterone and progesterone 
seem to cause an immune suppression of both in-
nate and cell-mediated immune responses. There is 
a hypothesis that using medications as contracep-
tives responsible for keeping the female hormones 
stable and high may have a protective role against 
the virus. However, using those drugs increases the 
risk of thromboembolic events in healthy patients, 
especially those who smoke or suffer from a hema-
tological disease known as thrombophilia.

Another hypothesis involves the potential 
utility of a local nasal spray with low-dose isofla-
vones from soya, a natural estrogen suspended in 
a solution with sodium. This spray could stimulate 
the nasal receptor by stopping or decreasing the ag-
gressiveness of the virus. The role of estrogens can 

also explain the clinical picture of children who suf-
fer from the virus and the fact that there are no gen-
der differences. Boys have a prevalence of estrogen 
until their complete sexual maturity. Even though 
estrogens seem related to gender differences, some 
questions cannot be answered. During menopause, 
the amount of estrogen is decreased, so we expect 
the severity of the disease between the genders to 
be the same. Although, gender difference is still 
present among the elderly (Di Stadio et al., 2020; 
Grandi et al., 2020) (Fig. 4).

Fig. 4. Confirmed cases vs. confirmed deaths 
The figure shows that 28% of the infected men with the virus 
passed away, while only 1.7% of women infected with the 
virus passed away.

Symptoms of COVID-19
The most common symptoms of coronavirus 

infection involve fever, cough, myalgia, fatigue, 
generalized weakness, sputum production, head-
ache, sore throat, and dyspnea. Less commonly, 
patients may present with hemoptysis, diarrhea, 
vomiting, and dizziness. Indeed, some patients 
present with symptoms like anosmia and ageusia. 
It is believed that the virus affects the olfactory and 
gustatory receptors. Some of the symptoms may 
insist months after the recovery from the virus. 
The younger patients who suffer from coronavi-
rus mostly have mild symptoms, while the clinical 
picture of the elderly and people with concomitant 
diseases is worse. Subsequently, the possibility of 
mechanical ventilation is higher. There is a high 
heterogeneity of symptoms between the patients af-
fected by the virus; some may be asymptomatic or 
present only with mild symptoms.

In contrast, others may suffer the severe in-
fection, which mainly involves pneumonia hypoxia 
and acute respiratory distress syndrome (ARDS) 
that may turn into severe respiratory failure. ARDS 
is a syndrome in which the patients present with 
hypoxemia, and the X-ray of the lungs shows most-
ly bilateral effusion. At the same time, computed 
tomography (CT) may reveal ground glass appear-
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ance and patchy shadows. Lymphocytopenia is a 
common finding in patients who suffer from coro-
navirus laboratory results. Several types of research 
indicate that the prognosis of the patients whose 
laboratory results presented increased rates of D-di-
mers, fibrinogen, and prolonged thrombin time is 
worse, and they mostly end up with multi-organ 
failure (Han et al., 2020; Huang et al., 2020; Udu-
gama et al., 2020; Vaira et al., 2020; Yuki et al., 
2020; Zhang et al., 2020). 
Comparison of existing vaccines

Several vaccines were approved and are used 
all around the world for mass vaccinations. As we 
already know, a vaccine is a biological preparation 
that provides active acquired immunity to a particu-
lar infectious disease. It typically contains an agent 
that resembles a disease-causing microorganism, 
and it is often made from weakened or killed forms 
of the microbe, toxins, or surface proteins. There 
are six types of vaccines i) Inactivated, ii) Live at-
tenuated, iii) Subunit, iv) Viral vector, v) Toxoid, 
and vi) Nucleic acid vaccines (Chung et al., 2020) 
(Fig. 5).

Fig. 5. Types of vaccines and examples
The research for the vaccines for SARS-

CoV-2 focused on the S protein, which forms the 
spikes of the virus. The vaccines currently used for 
mass vaccinations are mainly based on this mech-
anism and were created by Pfizer, Moderna, Astra-
Zeneca, The Gamaleya National Centre, Sinovax, 
and Novavax. However, some vaccines have other 
targets or multiple antigens, such as N protein or 
attenuated vaccines, inactivated vaccines, and pep-
tide vaccines (Kalinin et al., 2018; Chung et al., 
2020; Le et al., 2020). 

The Russian vaccine by the Gamaleya Na-
tional Centre, named Gam-COVID-Vac/ Sputnik 
V, is a heterologous recombinant adenovirus (rAd)-
based vaccine and is the first registered vaccine on 
the market against Covid-19 (date of registration 
August 11, 2020). The vaccine seems to provide 
cellular and humoral immunity even from the first 

vaccination dose, although the second dose offers a 
durable and long-lasting immune response (Burki, 
2020; Logunov et al., 2020; 2021). Sputnik V seems 
to be effective and safe. The current data show that 
the vaccine has an efficacy of 91%, which is very 
positive (CNN 2021). 

Another approved vaccine is from the phar-
maceutical company AstraZeneca named ChAdOx1 
nCoV-19/ AZD1222, a viral vector vaccine consist-
ing of a replication-deficient chimpanzee adenovi-
ral vector ChAdOx1, containing the SARS-CoV-2 
structural surface glycoprotein antigen and that a 
side effect paused its clinical trials. The last stage 
of the vaccine’s clinical trials halted due to a severe 
adverse reaction observed in a participant known 
as transverse myelitis (TM). TM is a neurological 
disorder of the spinal cord caused by inflammation, 
characterized by acute or subacute spinal cord dys-
function resulting in paresis, a sensory level, and 
autonomic (bladder, bowel, and sexual) impairment 
below the level lesion. The clinical trials stopped for 
a while until the safety board figured out the corre-
lation between the manifestation of the disease with 
the vaccination and resumed again. Finally, the vac-
cine was recommended for authorization in Europe-
an Union on January 29, 2021, by European Medi-
cines Agency (EMA) (Beh et al., 2013; West, 2013; 
Voysey et al., 2021). The average efficacy of the 
vaccine is 70% (CNN 2021). South Africa stopped 
its rollout of the AstraZeneca vaccine due to a study 
that concerns the mild or moderate people infected 
with the 501Y.V2 variant and shows low efficacy. 
However, there are no data about the severe cases of 
the infection and the vaccine’s effectiveness. 

The vaccine started to be used for massive 
vaccinations worldwide since the appearance of 
some cases of cerebral venous sinus thrombosis 
(CVST), which were correlated with the vaccina-
tion, according to the European Medicines Agen-
cy (EMA). However, their pathophysiology is still 
unknown, and the cases are rare. The EMA high-
lights that the benefits of the vaccination outweigh 
the risks and reports 44 cases of CVST out of 9,2 
million vaccinations in Europe. According to the 
current vaccination status, Robert Koch Institute re-
ported 31 cases out of 2.7 million from the first and 
767 patients from the second dose. Indeed, in an 
amount of 19 people, platelet deficiency has been 
observed. In Germany, from the end of March, the 
vaccine of Astra Zeneca is not administered to peo-
ple under 60 years old because the cases of throm-
bosis occur mainly in younger people. Those who 
have already been vaccinated should watch out for 
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symptoms like severe headaches after 2-3 weeks of 
vaccination. In case of such symptoms, they should 
get further evaluated by physicians. Countries like 
France and the Netherlands also ceased vaccine 
administration in younger people (Reuters, 2021; 
Sterzik, 2021).

Jannsen, Johnson & Johnson created a vac-
cine named JNJ-78436735/ Ad26.COV2.S., a viral 
vector vaccine, a recombinant, replication-incom-
petent adenovirus serotype 26 (Ad26) vector en-
coding the SARS-CoV-2 spike protein (Sadoff et 
al., 2021). The difference with the other vaccines 
is that only a single shot is needed to prevent the 
manifestation of severe infection caused by the vi-
rus and hospitalization. In January 2021, the com-
pany announced the vaccine’s safety and efficacy 
results, which came up from Phase 3 clinical trial 
ENSEMBLE. The positive results show that the 
vaccine is 85% effective in preventing severe dis-
ease manifestation. In Phase 3 of the clinical trial of 
ENSEMBLE 2, the immune response after a two-
dose regimen is investigated (Johnson, 2021).

There is data about the vaccines based on 
replication-incompetent Ad26 viral vectors. Their 
safety and features are under investigation. The first 
Ad26-based vaccine which was created was against 
the Ebola virus. Sputnik V also uses a heterologous 
recombinant adenovirus approach using adenovi-
rus 26 (Ad26) and adenovirus 5 (Ad5) as vectors 
for the expression of the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) spike pro-
tein. Jannsen, Johnson & Johnson also uses a repli-
cation-incompetent adenovirus serotype 26 (Ad26) 
vector encoding the SARS-CoV-2 spike protein. 
The immunogenicity of Ad26-based vaccines was 
evaluated in humans, and the results show strong, 
durable humoral and cellular immune responses. 
The clinical trials have not revealed the impact 
of pre-existing immunity to Ad26 on vaccine im-
munogenicity. That happens even in the presence 
of Ad26 neutralizing antibody titers or Ad26-tar-
geting T cell responses at baseline. This data may 
raise concerns about using the adenovirus in vac-
cines against COVID-19, and the immune response 
should be investigated carefully (Jerome Custers, 
2020; Jones and Roy, 2021; Sadoff et al., 2021).

Sinovac Biotech is a Chinese biopharmaceu-
tical company that developed an inactivated virus 
vaccine named CoronaVac (PiCoVacc). This vac-
cine development technology has been traditionally 
used and is safe and effective (Gao et al., 2020). 
This vaccine was approved by the National Medi-
cal Products Administration (NMPA) for a clinical 

trial in adolescents and children on August 10, 2020 
(Sinovax, 2020). The study conducted in Brazil 
showed that the efficacy is 50.38% for those who 
suffered very mild cases of Covid-19 and 78% for 
mild to severe cases (CNN, 2021).

Novavax developed a subunit vaccine named 
NVX-CoV2373, a recombinant nanoparticle vac-
cine composed of trimeric full-length SARS-CoV-2 
spike glycoproteins and Matrix-M1 adjuvant 
(Keech et al., 2020). In January 2021, Novavax 
published the results of Phase 3 clinical trials con-
ducted in the U.K., which show that the vaccine’s 
efficacy is 89.3% (Novavax, 2021).

Pfizer and Moderna used a novel technology 
for the development of vaccines. The vaccine which 
Pfizer developed is named BNT16b2, while the 
name of Moderna’s vaccine is mRNA-1273. They 
are mRNA vaccines. Both companies used similar 
techniques for the development of vaccines. In de-
tail, they utilized mRNA that encodes for subunits 
of the SARS-CoV-2 S protein. The mRNA is mod-
ified. These vaccines are encapsulated in lipid nan-
oparticles (LNPs) which can enter cells and enable 
the expression of antigens from delivered nucleic 
acids. Thus, they allow cytoplasmic delivery. Some 
specific receptors in the cell’s endosome are called 
toll-like receptors (TLRs), such as TLR 3, 7, and 
8. RNA acts by activating these receptors. Indeed, 
TLRs 7 and 8 recognize single-stranded RNA and 
participate in recognizing the virus, making them 
very important for mRNA vaccines.

As mentioned above, the vaccines are encap-
sulated in LNPs, improving RNA phagocytosis by 
antigen-presenting cells (APCs). Nuclease degra-
dation and weak immune stimulation are the results 
of the unsuccessful endocytosis of the RNA. The 
mRNA is translated into the cytoplasm inside the 
cell, leading to a higher amount of antigen in small-
er doses. However, mRNA expression is short-
er-lived (Chung et al., 2020; Wang et al., 2020; 
Harky et al., 2021). The data from utilizing the vac-
cines developed by Pfizer-BioNTech and Moderna 
are very positive and show an efficacy rate of about 
95% (Mahase, 2020a, b; Baden et al., 2021; CNN, 
2021). The development of an adequate safety da-
tabase is significant for a novel vaccine to be ap-
proved and accepted by the public. Immunization 
programs and the population’s education are nec-
essary to lessen the concerns about the vaccine’s 
safety (Table 1) (Le et al., 2020; Wang et al., 2020). 
Mutations of SARS-Cov-2 and evolution  

It is believed that SARS-CoV-2 is capable of 
recognizing and binding the ACE-2 receptors very 
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strongly due to a mutation that made the virus ca-
pable of infecting humans. Although the odds of 
a random bat virus having the right traits to infect 
people were low, this is the most reasonable expla-
nation of the virus’s origin. Since the beginning of 
the pandemic, the virus has not changed a lot. Still, 
it mutated in a standard way that all viruses do due 
to evolution and adaptation processes. Most of the 
mutations did not have a significant impact.

More specifically, the D614G variant was the 
first one found in Australia and India in May 2020. 
It was followed by a variant known as 20I/501Y.
V1, VOC 202012/01, or B.1.1.7, which appeared in 
December 2020 in the United Kingdom. This vari-
ant has a mutation- N501Y in the receptor-binding 
domain (RBD) of the spike protein used by the vi-
rus to attach to human cells. Except for this, several 
other mutations, such as 69/70 deletion and P681H. 
Another variant known as 20H/501Y.V2 or B.1.351 
was found in South Africa, and the P.1 variant was 
identified in Brazil and Japan. The South African 
variant has multiple mutations in the spike protein 
as K417N, E484K, and N501Y. The P.1 variant 
has three mutations in the spike protein and, more 
specifically, in the RBD, which are the following 
K417T, E484K, and N501Y. The effectiveness of 
the Pfizer vaccine against E484K mutation present 
in B.1.351 and P.1 lineages was evaluated in a study. 
The results presented that the serum neutralization 
efficacy was lower but not absent against this mu-
tation, which means that the mutation in the RBD 
of the spike protein affects antibodies binding from 
convalescent and vaccinated donors. Thus, highest 

titers of antibodies are needed to increase the possi-
bilities of protection even in cases of antigenic drift.

Although there is no such reliable data yet, the 
results from the first researchers show that B.1.1.7 
variant is more contagious and may increase the 
mortality rate. In detail, the data from three regions 
of England showed that the variant is 56% more 
transmissible than previously identified variants. 
In contrast, the data available from Danish stud-
ies showed that this variant is 36% more infectious 
than the others. The novel variants create conflicts 
for the efficacy of the vaccines against the variants. 
According to the U.N. health agency, the B.1.617 
variant of the SARS-CoV-2, also known as the Indi-
an strain, is increased transmissibility and reduced 
neutralization. 

There is a belief that the vaccines are still ad-
equate; nevertheless, some companies as Moder-
na, made a third booster dose of the vaccine called 
mRNA-1273.351, which is in Phase I studies in the 
U.S.A. to test if it can increase the immunological 
effect against variant B.1.351 that raised the most 
concerns about the efficacy of the vaccines. Research 
about the effectiveness of the Moderna vaccine was 
published, and the results show reduced but still sig-
nificant neutralization against the full B.1.351 var-
iant following mRNA-1273. More effective meas-
ures should be taken to restrict the spread of the var-
iants. These include the proper diagnostic tools as 
next-generation sequencing technologies are need-
ed to find novel variants and increase surveillance 
levels. Personal protective equipment is still inevi-
table. Indeed in some states of Germany as Bayern, 

Table 1. Comparison of the vaccines available on the market
Company Name Type of  

vaccine
Efficacy  Doses Period  

between doses
Pfizer 
BioNTech

BNT162b2  mRNA 92% from first data 
Israel

2 3 weeks

Moderna 
NIAID

mRNA-1273 mRNA 94.1% 2 4 weeks

AstraZeneca    
Oxford

ChAdOx1 nCoV-19/ 
AZD1222

Viral vector 59.5% (2 doses) 2 4-12 weeks

The Gamaleya 
National Centre

Sputnik V/ Gam-COVID-Vac  Viral vector 92% (2 doses) 2 3 weeks

Jannsen
Johnson &  
Johnson

JNJ-78436735/
Ad26.COV2.S.

Viral vector 66% but 85% in the 
appearance  

of serious cases

1 -

Sinovac Biotech CoronaVac (PiCoVacc) Inactivated 
virus

50.6%  
(data from Brazil)

2 2 weeks

Novavax NVX-CoV2373 Subunit 95.6% (7 d after the 
second dose)

2 4 weeks
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it is suggested only the use of FFP2-N95-ΚΝ95 
masks from the population, which filter about 95% 
of aerosol-containing particles compared to stand-
ard surgical masks, to decrease the possibility of 
variants transfer between the people (Plante et al., 
2020; Kai Wu, 2021; Prevention, 2021; Regli et al., 
2021; Sonia Jangra, 2021; Tanne, 2021).

Unfortunately, all vaccines developed for 
the time being express the spike protein of SARS-
CoV-2. Suppose some of them had expressed a dif-
ferent SARS-CoV-2 protein. In that case, combin-
ing two vaccines could have induced two different 
types of antibodies to tackle various variants of the 
SARS-CoV-2 more efficiently.  

The latest known variant of SARS-CoV-2, 
Omicron BA.2.12.1, is more transmissible than oth-
er variants. Thus, it is more likely to cause reinfec-
tions than other variants. Omicron may sometimes 
cause severe conditions and death; however, it is 
generally milder than infections caused by the Del-
ta variant. Now, there are vaccines specific against 
the omicron variant. 
Discussion 

An effective vaccine or medication is the 
only possibility to return to pre-COVID-19 societal 
behavior. Global cooperation and teamwork are 
very significant in the fight against the virus. Mass 
vaccinations have already started, although the ap-
pearance of new variants raises concerns about the 
efficacy of the vaccines against them. The immu-
nization of the population results in the production 
of antibodies against the spike protein of the virus. 
Although some of the mutations which came up 
concern the spike protein as the mutations in RBD. 
That is the main reason why the effectiveness of 
vaccines may be reduced against these new vari-
ants. More specifically, the South African variant 
seems to be the one that threatens the vaccine’s ef-
ficacy. It is generally believed that vaccination is 
more efficient than adaptive immunity due to the 
high titers of antibodies. The vaccines work based 
on protective antibody responses, neutralizing anti-
bodies as the most common mechanism of action, 
although there is an additional elicitation of CD4+ 
or CD8+ T cells. Nevertheless, the antibodies pro-
duced because of vaccination act against only one 
protein, the spike protein, the leading region where 
the novel mutations appeared.

On the other hand, when a person has been 
infected with the virus, the adaptive immunity (hu-
moral and cellular) is activated, which consists of 
B cells (antibody-producing cells), CD4+ T cells 
(helper T cells), and CD8+ T cells (cytotoxic, or 

killer, T cells) which are very important for the pro-
tection against viral infections. Therefore, there is 
a great need to develop poly mRNA vaccines with 
different antigens to produce more antibodies. In 
addition, it is believed that using poly mRNA vac-
cines will reduce the appearance of mutations.
Conclusion 

There is no specific drug that is effective 
against coronavirus. The treatment for patients 
who suffer a severe infection includes mechanical 
ventilation and a combination of medications. Al-
though mass vaccinations have already started, the 
most successful ways to protect ourselves from the 
disease are social distancing, isolation, lockdowns, 
and PPE. That is because many of the population 
should be vaccinated to achieve herd immunity. 
Many drugs were tested and used as possible treat-
ments against coronavirus, and some seem to play 
an essential role in reducing the mortality rate. The 
use of vaccines massively is promising for the fu-
ture. However, the appearance of new variants of 
the virus, which seem more contagious, raises con-
flicts about the efficacy of some vaccines against 
them. The new-sequencing technologies are pow-
erful diagnostic tools for detecting new variants. 
The first data available from countries that have al-
ready managed to vaccinate a substantial amount of 
the population is very positive, which raises hope 
that eventually, the quality of life will start to im-
prove.  Globally, as of June 10th, 2022, there have 
been 532,201,219 confirmed cases of COVID-19, 
including 6,305,358 deaths, reported to WHO. As 
of June 6th, 2022, 11,854,673,610 vaccine doses 
have been administered (https://covid19.who.int/). 
However, the COVID-19 spread by less than 10% 
compared to its peak worldwide due to vaccination 
and the Omicron variant, which seems to decrease 
the global pandemic significantly.   However, we 
must stay vigilant and develop novel drugs against 
SARS-CoV-2 that are easily adaptive to its muta-
tions, such as ASOs.
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Abstract

Human herpesviruses (HHVs) are ubiquitous infectious agents of anthroponotic viral infections 
worldwide. They are responsible for the occurrences of recurrent diseases with a wide range of clinical 
manifestations. The purpose of this overview is to summarise our current knowledge of the genus Simplex-
virus by examining its classification, morphology, and genome organization. 
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Резюме 

Човешките херпесвируси (HHVs) са повсеместни инфекциозни агенти на антропонозни ви-
русни инфекции по целия свят. Те са отговорни за появата на рецидивиращи заболявания с широк 
спектър от клинични прояви. Целта на този преглед е да обобщи настоящите ни познания за рода 
Simplexvirus чрез изследване на неговата класификация, морфология и организация на генома.

Classification and taxonomy of genus 
Simplexvirus

Historically, herpesvirus taxonomy has been 
addressed since 1971 by the International Com-
mittee on Taxonomy of Viruses (ICTV) (Davison, 
2007). According to the latest ICTV taxonomic 
edition of October 2020, human herpes viruses 
(HHVs) belong to the family Herpesviridae, which 
in turn consists of three subfamilies, accommodat-
ing 17 genera and 115 species. Based on their bio-
logical properties as well as growth requirements 
and tissue tropism, herpes viruses can be further 
subdivided into three subfamilies (Davison, 2007). 
The subfamily Alphaherpesvirinae includes five 
genera: Iltovirus, Mardivirus, Scutavirus, Simplex-
virus, and Varicellovirus. Characteristically, mem-
bers of this taxon persist in the sensory ganglia as a 
latent infection which may reactivate under stress-
ful conditions or with changes in the human organ-
ism undoubtedly related to the immune system. The 
body’s weakened natural defense system “author-
izes” the start of replication and the migration of 
neurotropic herpes viruses along the myelin sheath 

of neurons, thus causing the formation of mucocu-
taneous lesions. Etiological agents of anthroponous 
infections are members of the last two genera. Two 
infectious agents of the same name, Human herpes-
virus-1/Herpes simplex virus-1 (HSV-1) and Hu-
man herpesvirus-2/Herpes simplex virus-2 (HSV-
2) belong to the genus Simplexvirus. The causative 
agent of varicella (chickenpox), Human herpesvi-
rus 3/Varicella-Zoster virus (VZV), is a member of 
genus Varicellovirus. 

The Betaherpesvirinae subfamily also con-
sists of five genera: Cytomegalovirus, Roseolovi-
rus, Muromegalovirus, Proboscivirus and Quwivi-
rus. Members of this taxon primarily cause asymp-
tomatic infections in immunocompetent individuals 
or latent infections in several cell types, including 
various types of leukocytes (Spear and Longnecker, 
2003). The first two genera are related to humans. 
Human herpes virus-5/Cytomegalovirus (CMV) is 
recognized as the most common cause of congenital 
viral infections in humans and main factor for mor-
bidity and mortality in immunocompromised hosts 
(Ross et al., 2011). This virus is the most import-
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ant member of the genus Cytomegalovirus. Human 
herpes virus-6/Herpes lymphotropic virus (HHV-6) 
and Human herpes virus-7 (HHV-7), which belong 
to the genus Roseolovirus, are ubiquitous and as-
sociated with roseola infantum, pityriasis rosea, 
lichen planus, hypersensitivity reactions, graft-ver-
sus-host disease (GvHD), and numerous other skin 
manifestations (Wolz et al., 2012).

Gammaherpesvirinae is a subfamily whose 
members are known as lymphotropic herpesvirus-
es. These infectious agents cause lifelong infections 
and replicate mainly in T- and B-lymphocytes, with 
strong oncogenicity under certain conditions, induc-
ing mutations in certain genes, causing Hodgkin’s 
lymphoma, non-Hodgkin’s lymphoma, Burkitt’s 
lymphoma, gastric carcinoma, and nasopharyn-
geal carcinoma. The subfamily consists of seven 
genera: Bossavirus, Macavirus, Manticavirus, Pat-
agivirus, Percavirus, Rhadinovirus and Lymphoc-
ryptovirus. The last two are of medical importance. 
Human herpes virus-4/Epstein-Barr virus (EBV) 
can cause a variety of diseases and is transmitted 
mainly through the saliva, which contains infect-
ed epithelial cells. Nearly 95% of adults worldwide 
are infected (Hoover and Higginbotham, 2021). 
EBV infection is often asymptomatic or has diverse 
pathological manifestations: from infectious mon-
onucleosis to severe neoplastic diseases of epithe-
lial and lymphocytic origin (Stanfield and Luftig, 
2017). Human herpesvirus-4 belongs to the genus 
Rhadinovirus. Human herpes virus-8/Kaposi’s sar-
coma related virus (HHV-8/ KSHV) is a member 
of the genus Lymphocryptovirus. Unlike the oth-
er human herpes viruses (HSV, EBV, VZV, CMV, 
HHV-6, and HHV-7), it is not widely distributed in 
the general population and possesses many unique 
proteins. HHV-8 has been identified in all subtypes 
of Kaposi’s sarcoma (KS), multicentric Castleman 
disease, and a rare form of B-cell lymphoma, pri-
mary effusion lymphoma (PEL) (Ablashi et al., 
2002).

In terms of structural relationships and taxo-
nomic rank of genus Simplexvirus in the evolution-
ary developed biological systems, members of this 
taxon meet common morphological, biological and 
genomic criteria. Affinity to cell types during the es-
tablishment of latent infection is the leading factor 
uniting Herpes simplex virus-1 (HSV-1) and Her-
pes simplex virus-2 (HSV-2) into a common genus. 
While other human herpes viruses exhibit cellular 
tropism towards cells of the myeloid lineage (CMV, 
HHV-6, HHV-7) and lymphocytes (EBV, KSHV), 
herpes simplex viruses attack neurons. This biolog-

ical feature determines the viral pathophysiology 
often associated with the severe infectious disease 
herpes simplex encephalitis (HSE).
Morphology of the genus Simplexvirus

Members of the genus Simplexvirus show 
a strong morphological uniformity with the other 
members of the family Herpesviridae. Virions have 
complex and characteristic structures consisting of 
both symmetric and asymmetric components (King, 
2011). The spherical virion has a unique four-lay-
ered structure: a core enclosed in an icosahedral 
nucleocapsid made up of capsomeres. The capsid is 
surrounded by an amorphous protein coat called the 
tegument, itself encased in a glycoprotein-bearing 
lipid bilayer envelope (Whitley, 1996). The virion 
is approximately 125 nm in diameter. The viral ge-
nome is packaged as a single linear double-strand-
ed DNA molecule (dsDNA) in the core (ICTV) 
(King, 2011). Members of the genus possess one 
of the largest infectious genomes, with multiple 
open reading frames (ORFs). The HSV-1 genome 
is approximately 152 kb in size and is known to 
encode at least 80 open reading frames (ORFs), 
many of which have been well studied (Whisnant et 
al., 2020). At least 84 unique open reading frames 
(ORFs) have been recognized in HSV-2, along with 
several RNA transcripts that have not been shown 
to also encode proteins (Minaya et al., 2017). Hu-
man simplex viruses have a G + C content of ap-
proximately 68% (Whitley, 1996).

Morphologically, the tegument is a structure 
unique to herpes viruses, occupying the space be-
tween the nucleocapsid and the envelope, and con-
taining numerous virus encoded proteins called teg-
ument proteins (Guo et al., 2010; Oda et al., 2016) 
From a functional point of view, the location of the 
tegument in mature virions indicates that this mor-
phological structure links the nucleocapsid to the 
bilayer glycoprotein lipid envelope, maintaining the 
structural integrity of infectious particles and inter-
acting directly with capsid proteins, other tegument 
proteins, and the cytoplasmic domains of envelope 
glycoproteins and/or or the membrane-bound pro-
teins of the tegument (Oda et al., 2016). It is for 
this reason that the amorphous shell is subdivided 
into an “inner” layer, which is tightly bound to the 
capsid, and an “outer” layer, bound to the bilayered 
envelope (Scrima et al., 2015). Depending on the 
type of herpes virus, the thickness of this structure 
ranges from 20 to 40 nm, and it may be uniform-
ly or asymmetrically arranged around the cap-
sid (Newcomb and Brown, 2009). The tegument 
structure has been described as fibrous or granular, 
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and changing as the virus particle matures. Under 
a microscope, the tegument is seen as a relatively 
low-density morphological region covering an area 
of 60–100.0 nm in radius (Davison, 2007). Stud-
ies on herpes simplex virus type 1 (HSV-1) have 
shown that the tegument structure in the cell-asso-
ciated form is altered compared to the extracellular 
virion (Newcomb and Brown, 2010). It is known 
that the tegument plays a key role not only in the 
structural aspects of viral morphology, but is also 
involved in many essential biological processes, 
such as the viral life cycle, the translocation of the 
nucleocapsid to the cell nucleus, as well as the as-
sembly and egress of the infectious progeny from 
the host cell (Guo et al., 2010).

The tegument, made up of thousands of 
densely packed protein molecules (Owen et al., 
2015), accounts for 40% of the virion protein 
mass (Davison, 2007; Newcomb et al., 2012). A 
proteomic analysis of extracellular HSV-1 virions 
by mass spectrometry has identified 23 tegument 
proteins and numerous cellular enzymes, chaper-
ones and structural proteins, some of which prob-
ably incorporated in the protein layer (Owen et al., 
2015). HSV-1 tegument structural proteins range 
in size and abundance, with the smallest being ap-
proximately 10.5 kDa (UL11), and the largest more 
than 330 kDa (UL36/VP1-2). The most abundant 
proteins embedded in the amorphous layer are teg-
ument protein (UL47/VP13-14), tegument protein 
(UL48/VP16), and tegument protein UL49/VP22, 
which are present at 600–1300 copies per virion 
(Owen et al., 2015; Newcomb and Brown, 2009). 
The other tegument proteins may occur in 100.0 or 
fewer copies. At the same time, traces of cell-encod-
ed proteins are also present (Newcomb and Brown, 
2009). During virion morphogenesis, viral tegu-
ment proteins (VPs) facilitate viral envelopment by 
establishing a protein network found within the en-
veloped virions. In support of this hypothesis, it has 
been reported that a number of HSV-1 tegument 
proteins, nuclear egress protein 1 (UL31/NEC 1), 
nuclear egress protein 2 (UL34/NEC 2), large teg-
ument protein (UL36/VP1-2), inner tegument pro-
tein (UL37), tegument protein (UL14), tegument 
protein (UL47/VP13-14), tegument protein (UL48/
VP16), cytoplasmic envelopment protein 3 (UL11), 
and cytoplasmic envelopment protein 2 (UL16) are 
required in the effective viral primary or secondary 
envelopment (Oda et al., 2016). Tegument proteins 
are classified as inner or outer, based on their asso-
ciation with the nucleocapsid once it has entered 
the host cell cytoplasm. The inner tegument protein 

(UL36), the inner tegument protein (UL37), and the 
serine/threonine-protein kinase (US3) remain asso-
ciated with the capsid after virus entry, while the 
other (outer proteins) dissociate from the overall 
structure of the virion (Newcomb et al., 2012).

The icosahedral nucleocapsid is made up of 
161 capsomeres (150 hexons and 11 pentons), a 
portal complex with an axial channel through which 
double-stranded infectious DNA enters and exits the 
capsid, 320 triplexes that connect the capsomeres 
and the portal complex, small capsomere-inter-
acting proteins (SCPs), and capsid vertex-specific 
complexes (CVSCs) that are rod-shaped with five 
rods located near each capsid vertex (Kobayashi 
et al., 2017). In herpes virus capsids, both pentons 
and hexons are cylindrical in shape (approximate 
diameter 140Å, height 160 Å) with a central, axial 
channel approximately 25 Å in diameter. The pen-
ton and hexon subunits have an elongated shape 
with multiple domains, including upper, middle, 
lower, and floor domains. The middle domains of 
the subunits interact with one another as triplexes. 
The lower domains connect the subunits to each 
other and form the axial channels. While the upper 
domains of adjacent hexon subunits interact with 
one other, the penton subunits are disconnected at 
their upper domains, resulting in the V-shaped side 
view of the penton (Davison, 2007). Morpholog-
ically, the capsid of all herpes viruses, including 
herpes simplex viruses (HSV), contains 12 ver-
tices. Eleven are identical and comprise 5 copies 
of the major structural HSV capsid protein (VP5/
UL19), while the 12th vertex comprises 12 copies of 
the portal protein UL6, forming the portal complex 
(Yang et al., 2014). In HSV-1, the eleven identical 
capsid structures, designated pentons, are linked 
to adjacent hexon proteins by triplexes located on 
the capsid surface. Hexons in turn are composed of 
five or six VP5 molecules (monomers). Capsid ver-
tex-specific complexes (CVSCs) comprise a single 
protein molecule UL17 and one molecule UL25. 
The triplexes are made of a single VP19C mole-
cule and two VP23 molecules, whereas the portal 
complex is composed of 12 UL6 molecules. HSV-1 
capsomere-interacting proteins (VP26) form a hex-
americ ring positioned on the outer surface of each 
hexon (Yang et al., 2014; Kobayashi et al., 2017). 

Three capsid forms - A, B, and C - can be dif-
ferentiated in the host cell nucleus during infection 
(Tandon et al., 2015; Yuan et al., 2018; Wang et al., 
2018). Types A and B result from problems in viral 
genome packaging. For this reason, they are also 
described as incomplete structures. Type A cap-
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sids characteristically do not contain either genet-
ic information (dvDNA) or scaffold proteins while 
type B capsids only lack viral genome (Kobayas-
hi et al., 2017). On the other hand, type C capsids 
are defined as mature capsids containing viral ge-
nome but without scaffold proteins (Kobayashi et 
al., 2017). These capsids are capable of maturing 
into potentially infectious virions (Conway et al., 
2010). All three types of capsids (A, B and C) have 
angular shapes typical of the Herpesviridae family 
(triangulation number T = 16). They are composed 
primarily of 955 copies of the major capsid protein 
(UL19/VP5) of 150 kDa, arranged as 150 hexons 
and 11 pentons (Wang et al., 2018). In addition to 
the main capsid protein (UL19/VP5), the nucleo-
capsid is composed of three more virion proteins: 
capsid triplex subunit 1 (UL38/VP19c), capsid tri-
plex subunit 2 (UL18/VP23), and a small capsid 
protein (UL35 / VP26) (Sheaffer et al., 2000).

Morphologically, the envelope is one of the 
most important structures with a fundamental role 
in the process of virus infectivity. The glycoprotein 
lipid bilayer is cell-derived as it is derived from 
internal membranes of the host cell (Wudiri et al., 
2017). Herpes simplex viruses types 1 and 2 (HSV-
1 and HSV-2) are now known to possess at least 12 
viral glycoproteins bound to the envelope (gB/UL 
27, gC/UL44, gD/US6, gE/US8, gG/US4, gH/UL 
22, gI/US7, gJ/US5, gK/UL53, gL/UL 1, gM/UL 
10 and gN/UL 49.5) (Sari et al., 2020; Madavaraju 
et al., 2021). They also encode several non-glyco-
sylated viral proteins, lipids and polyamines (Whit-
ley and Roizman, 2002). Some of the glycoproteins 
occur as macromolecular complexes - heterodimers 
(gH/gL and gE/gI), while most exist as monomers 
(Madavaraju et al., 2021). Glycoproteins B, D and 
H/L (gB, gD and gH/gL) are responsible for the en-
try of the infectious agent into the host cell, while 
glycoprotein C (gC) facilitates low-pH entry and 
infection, protecting gB against humoral immune 
response and its binding to neutralizing antibodies 
(NAbs) (Sari et al., 2020). 

Glycoprotein E (gE) plays a key role in host 
cell recognition, which is an important step of vi-
rus infection. The members of the subfamily Al-
phaherpesvirinae (HSV, VZV and PRV) express 
a heterodimer of two membrane glycoproteins, gE 
and gI, whose joint function is responsible for the 
protein complex-mediated cell-to-cell spread in ep-
ithelial and neuronal tissues (Johnson et al., 2001). 
In neuronal cells, the gE/gI heterodimer facilitates 
axonal transport of capsids from the soma, bring-
ing them closer to kinesin motor proteins to allow 

the anterograde transport. Thus, the heterodimer 
may use the same mechanism during reactivation 
of lytic infection by facilitating the spread of HSV 
infectious particles from the neuronal cell body to 
epithelial cells (Banerjee et al., 2020). At the same 
time, the glycosylated gE protein actively interacts 
with some of the tegument proteins (UL11, UL16 
and UL21) (Han et al., 2012). Glycoprotein M 
(gM) participates in several important stages of vi-
ral invasion, namely in virus-induced cell fusion, 
followed by nucleocapsid release to the cytoplasm, 
and the assembly and release of infectious progeny 
(Li et al., 2021). The 12th glycoprotein N (gN) plays 
a key role in viral morphogenesis - for maturation 
and modulation of the fusion activity of gM, en-
suring the membrane transport of the virus (Kasmi 
and Lippépes, 2015). Glycoprotein K (gK) interacts 
with the membrane protein (UL20) to form a func-
tional protein complex. This dependence ensures 
(gB)virus-induced membrane fusion (Chouljenko 
et al., 2010), the subsequent exit of the infectious 
particles from the nucleus, and the formation of the 
viral envelope (Rider et al., 2019).  

Glycoprotein G (gG) of herpes simplex virus-
es HSV-1 and HSV-2 (gG1 and gG2, respectively) 
is implicated in the induction of immune response. 
Because of the cascade of inflammatory responses it 
initiates, gG has been described as a viral chemok-
ine-binding protein (vCKBP) (Walle et al., 2007). 
HSV is characterized by exerting strong modulato-
ry pressure on the host immune system. This occurs 
under the control of viral chemokine-binding pro-
teins (vCKBP) expressed by the infectious agent, 
which are high-affinity binding to chemoattractant 
cytokines, inhibiting their immunological func-
tions. The sole exception is glycoprotein G, whose 
immunogenic functionality enhances chemok-
ine-mediated cell migration and signalling (Martin-
ez-Martin et al., 2015). Studies carried out in 2018 
demonstrated that glycosylated protein J (gJ) pro-
motes cell-to-cell spread of HSV-2 virus infection 
and syncytia formation (Liu et al., 2018). The same 
study by Liu et al. (2018) indicated that gJ knock-
out or knockdown impairs the cell-to-cell spread of 
the virus (from epithelial cells to epithelial cells or 
to neurons), which in turn leads to reduced genera-
tion of infectious virus particles.
Genomic organization

Viral linear dsDNA contributes to the real-
ization of the infectious potential of herpes sim-
plex viruses. The HSV-1 has a genome size of 
about 152 kb and encodes at least 80 open read-
ing frames (ORFs) (Whisnant et al., 2020), which 
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in turn encode a multitude of proteins, including 
transactivator of transcription proteins; non-struc-
tural proteins (NSPs) required for DNA replica-
tion; RNA-binding proteins, proteases, kinases, 
and structural proteins (SPs) which constitute the 
infectious virus particle (Arachchige et al., 2018). 
Besides these ~84 transcripts, the genomes of her-
pes simplex viruses (HSVs) also encode numerous 
long non-coding RNAs (lncRNAs) and 16-17 mi-
croRNAs (miRNAs) (Ibáñez et al., 2018). Close-
ly similar is the dsDNA genome of HSV-2 with a 
size of approximately 154,700 kb. At least 84 open 
reading frames (ORFs) are responsible for the pro-
tein-coding potential of the infectious particle (Mi-
naya et al., 2017). Characteristically, the numerous 
open reading frames (ORFs) of herpes simplex vi-
rus type 1 (HSV-1) overlap with the densely packed 
viral proteins (Chaitanya, 2019). According to the 
most recent ICTV database, members of the genus 
Simplexvirus are included in the group of viruses 
with class IV genome architecture.

The infectious genomes of human herpes 
simplex viruses (HSV-1 and HSV-2) consist of two 
covalently linked segments - a long (L) fragment 
occupying 82% of the genome, and a short (S) frag-
ment with 18% of the genome (Mahiet et al., 2012), 
which in turn arrange relative to each other by in-
tramolecular recombination. The long (L) fragment 
consists of unique sequences (UL), and the short 
(S) fragment likewise consists of unique sequenc-
es (Us) (Dolan et al., 1998; Newman et al., 2015). 
Each of the unique regions (UL and US) is flanked 
by a set of inverted repeats (TRL and IRL, TRS and 
IRS) (Strang and Stow, 2005). At the genomic ter-
mini, there are direct repeats of a sequence called 
the ‘α’ sequence, and, respectively, copies of invert-
ed repeats designated the α′ sequence located at the 
L-S junction fragment. The inverted copies of the 
α-sequences promote recombination between the 
termini and internal repeats, which in turn leads to 
subsequent inversion of the L and S components. 
This gene rearrangement leads to four viral genome 
isomers packaged into infectious particles (New-
man et al., 2015). The terminally truncated region 
of the HSV-1 genome (‘α’ sequence) contains all 
the cis-acting sequences required for DNA packag-
ing. This region, which is most commonly 250 to 
500 bp in length depending on the virus strain, is 
present as a single copy at the S-terminus, and as 
one or more tandem copies at the L-terminus. In 
addition, one or more copies are known to be pres-
ent in an inverted orientation between the L and S 
segments at the L-S junction (Tong and Stow, 2010; 

Hodge and Stow, 2001). During dsDNA replication, 
the inversion of L and S segments occurs at equal 
frequency in most wild-type HSV-1 populations 
(Chaitanya, 2019). Structurally, the ‘α’ sequence is 
flanked by direct repeats (DR1) of 19 to 20 bp, with 
a single copy of DR1 separating the ‘α’ sequence 
tandem. The genomic termini-generating event is 
characterized by cleavage toward one end of DR1, 
and circularization of infecting genomes restores a 
complete ‘α’ sequence. The central region of the ‘α’ 
sequence contains multiple repeats of one or two 
other short sequences (DR2 and sometimes DR4), 
while quasi-unique sequences lie between DR1 and 
the other direct repeats, DR2/DR4. These regions 
are known as Ub and Uc. Logistically, their loca-
tion on the linear infectious genome is adjacent to 
the S and L termini (the Uc element is adjacent to 
the L terminus and the Ub is adjacent to the S ter-
minus) (Hodge and Stow, 2001; Tong and Stow, 
2010). The fragment (UC-DR1-Ub) contains 200 
bp and spans the junction between the tandemly 
‘α’ sequences generated by ligation of the genom-
ic termini. This fragment contains all the essential 
cis-acting sequences necessary for viral DNA pack-
aging. Within the Ub and Uc regions are two do-
mains, pac 1 and pac 2, respectively, which contain 
several sequence motifs specific for herpesviruses 
(Tong and Stow, 2010). The pac 1 domain consists 
of a 3- to 7-bp adenine (A) or thymine (T)-rich re-
gion flanked by 5 to 7 nucleotides of cytosine (C). 
On the other hand, the pac 2 motif consists of a 5- to 
10-bp adenine (A)-rich region that is often associ-
ated with a nearby [CGCGCG] genomic sequence. 
Both pac 1 and pac 2 are located at opposite ends of 
dsDNA 30 to 35 bp from the genome termini (Mc-
Voy et al., 1998).
Non-structural proteins (NSPs)

The members of the genus Simplexvirus en-
code numerous non-structural proteins (NSPs) re-
sponsible for the proper viral replication, establish-
ment of latent infection, assembly of new infectious 
virions and their subsequent release from the infect-
ed host cell. Functionally, the non-structural pro-
teins of both infectious agents of this taxon belong 
to 5 groups, each of which plays a key role in a dif-
ferent stage of the viral life cycle: viral replication 
complex, peripheral replication proteins, non-struc-
tural proteins (NSPs) involved in DNA-packaging, 
non-structural protein (NP) in the protein composi-
tion of the viral capsid, non-structural protein (NP) 
with control and modulating functions.
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Gene Gene Name Function References
Viral replication complex

UL30 Catalytic subunit of 
DNA polymerase 
(Pol)

3´-5´ exonuclease (Exo) activity and 5´-3´ polymerase activ-
ity

Lawler and Coen, 
2018; 
Terrell and Coen, 
2012

UL42 Subunit for proces-
sivity of DNA poly-
merase 

Stimulates viral genome synthesis Jiang et al., 2007

UL9 Ori-binding protein 
(OriBP) 

Has two specific sites for  binding to  the double-stranded 
nucleic acid – OriS and OriL

Bazhulina et al., 
2013

UL5 5‘–3‘ helicase subunit   DNA duplex unwinding   for initiation of replication Bermek and Wil-
liams, 2021

UL8 Primase subunit Interacts with the other proteins in the complex (e.g. UL9, 
ICP8 and UL30) and modulates the enzymatic functions of 
the subcomplex UL5/UL52.

Chen et al., 2007

UL52 DNA primase Synthesizes short RNA primers to provide a substrate for 
DNA polymerase

Bermek and 
Williams, 2021; 
Bermek et al., 
2017

UL29 Single-stranded 
DNA-binding protein 
(SSB/ICP8)

Forms filaments during the formation of prereplicative sites 
and replication compartments; stimulates late gene transcrip-
tion.

Darwish et al., 
2016; Bryant et 
al., 2012

Peripheral replication proteins
UL23 Thymidine kinase 

(TK)
Involved in the nucleoside salvage pathway; catalyzes the 
transfer of the γ-phosphate of ATP to dT, forming dTMP.

Xie et al., 2019; 
Kokoris and 
Black, 2002

UL39 The large subunit of 
ribonucleotide reduc-
tase (ICP6)

Inhibits apoptosis and activates or inhibits necroaptosis; Re-
quired for replication in neurons and establishment of latent 
infection; Together with UL40 mediates the conversion of 
NTPs to dNTPs.

Mostafa et al., 
2018; Torrents, 
2014

UL40 The small subunit 
of ribonucleotide 
reductase  

Together with UL39 mediates the conversion of NTPs to 
dNTPs.

Mostafa et al., 
2018;
Torrents, 2014

UL50 Deoxyuridine 5‘-tri-
phosphate nucleotide 
hydrolase (dUTPase) 

Maintains a low level of dUTP by converting dUTP to dUMP. Sire et al., 2008

UL2 Uracil DNA glycosy-
lase (UDG)

Removes uracil (U) from DNA molecule, reducing the possi-
bility of point mutations;
Reactivates HSV-1 infections in neurons

Cai et al., 2020; 
Sire et al., 2008

Non-structural proteins (NSPs) participating in DNA packaging
UL12 5´-3´ exonuclease / 

type I alkaline nucle-
ase (Exo) 

5´-to-3´ exonuclease activity; Participates in the production 
of mature packaged unit-length linear progeny viral DNA 
molecules; Promotes efficient SSA.

Grady et al., 2017; 
Corcoran et al., 
2009; Schumach-
er et al., 2012

UL15 Terminase large 
subunit  

Responsible for viral DNA cleavage and packaging during the 
final stage of the viral life cycle; They provide the energy for 
DNA translocation.

Yang et al., 2011; 
Heming et al., 
2014 

UL28 Terminase small 
subunit 

Binds nucleotide sequences responsible for viral DNA pack-
aging. 

Yang et al., 2011
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Abstract

COVID-19 is a viral respiratory infection caused by SARS-CoV-2. The immune system plays a piv-
otal role in disease resolution but can also be detrimental to the clinical outcome in case of unbalanced 
immune activation.  In this study, we have focused on the parallel expression of IL-6, a potent pro-inflam-
matory cytokine, and IL-10, an important regulator of the immune response, in COVID-19 patients. Using 
bead-based multiplex immunoassay technology we compared the serum levels of IL-6 and IL-10 in 47 
COVID-19 patients with mild, moderate, or severe disease. The serum concentrations of both cytokines 
were significantly elevated in patients with severe COVID-19, and there was a significant positive correla-
tion between IL-6 and IL-10 in the moderate and severe groups (R=0.6; p<0.001). Our observations support 
that IL-6 is one of the driving forces for the cytokine release syndrome in COVID-19 while the immuno-
suppressive properties of IL-10 in severe disease act as a hindrance to viral clearance. 
Keywords: IL-6, IL-10, COVID-19, cytokines
Резюме

COVID-19 е вирусна респираторна инфекция, която се причинява от SARS-CoV-2. Имунната 
система има ключова роля за овладяване на инфекцията, но би могла да доведе до допълнително 
увреждане на собствения организъм при небалансирана имунна свръхактивация. В това проучване 
сме изследвали паралелната експресия на IL-6, цитокин с мощна инфламаторна активност, и IL-
10 - важен регулатор на имунния отговор, при пациенти с COVID-19. С помощта на мултиплексна 
технология (Luminex) са определени серумните концентрации на IL-6 и IL-10 при 47 пациента с 
COVID-19, разпределени в три групи според клиничната тежест на болестта (лека, умерено тежка 
или тежка). Установихме значително повишени концентрации и на двата цитокина в групата с тежко 
протичане, както и положителна корелация между IL-6 и IL-10 при пациентите с умерено тежка и 
тежка форма Наблюденията ни са в подкрепа на идеята, че IL-6 е сред основните движещи сили 
при синдрома на цитокиново освобождаване по време на COVID-19, докато имуносупресивните 
функции на IL-10 в тежките случаи възпрепятстват елиминирането на вируса. 
Introduction

COVID-19 is a viral infection in humans 
caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). After its first detection at 
the end of 2019, the virus quickly spread globally 
and was officially declared a pandemic by WHO in 
March 2020. As with any other infectious disease 
COVID-19 triggers the activation of host defence 
systems with the induction of complex inflamma-
tory and immune processes. Protective anti-viral  
immunity is a balance between effector mechanisms  
preventing viral entry and destroying infected cells,  

 
generation of immune memory, and downregula-
tion of immune inflammation. An adequate antivi-
ral response results in a swift resolution of infec-
tion with an asymptomatic or mild clinical course. 
However, in some cases, the disease progresses 
with the development of pneumonia, ARDS, sep-
sis, multiorgan failure, and even death. A charac-
teristic finding in patients with severe symptoms 
is an immune profile reflecting a dysregulated im-
mune response. This includes significant systemic 
elevation of pro-inflammatory cytokines (called cy-
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tokine release syndrome [CRS]), a high neutrophil 
to lymphocyte ratio (NLR), and a prevalence of the 
Th2 response of the adaptive immunity (Pasrija and 
Naime, 2020; Luo et al., 2021).

IL-6 plays a central role in the acute inflam-
matory response and the cytokine release syndrome. 
Excessively high levels of Il-6 are also found in 
states of chronic inflammation and autoimmune 
disorders which provides additional evidence for its 
pathologic potential. IL-6 production is promoted 
after recognition of pathogen-associated molecular 
patterns (PAMPs) by a variety of pathogen-recog-
nition receptors (PRRs), as well as after induction 
by damage-associated molecular patterns (DAMPs) 
and other cytokines such as IL-1α and TNF-α. After 
binding to its receptor IL-6R it activates numerous 
inflammatory, immune and hematopoietic process-
es through its action on leukocytes, hepatocytes, fi-
broblasts, bone marrow stromal cells, and epithelial 
and endothelial cells (Tanaka et al., 2014).

IL-10, on the other hand, is an essential im-
mune regulator through its inhibitory effect on the 
activity of macrophages, Th1 lymphocytes, and NK 
cells. During infection, it is a major product of in-
duced Treg and serves to prevent overactivation of 
the cytotoxic processes and unnecessary tissue dam-
age, while promoting the differentiation of memo-
ry T cells (Nikolova et al., 2009). IL-10 also has a 
modulatory effect on Th2 responses by suppressing 
IL-4, IL-5, and IL-13 and their pro-fibrotic func-
tions. However, the overproduction of IL-10 leads 
to excessive inhibition of the immune response and 
impairment of pathogen clearance. Induction of IL-
10 by the pathogen itself to dampen the immune 
process has also been suggested as a possible ex-
planation for increased concentrations of IL-10 in 
persisting infections (Couper et al., 2008).

In the settings of the SARS-CoV-2 pandemic, 
IL-6 became one of the widely used biomarkers for 
monitoring and prognosis of COVID19 patients. At 
the same time, IL-10 has been less studied or em-
ployed. However, the balance between the anti-in-
fective inflammatory processes and their back-reg-
ulation is of crucial importance for the clinical out-
come. Therefore, in this study, we have focused on 
the parallel expression of IL-6 and IL-10 in three 
groups of COVID-19 patients with different sever-
ity of infection.
Materials and Methods
Patients and clinical samples

A cohort group of 47 patients participated in 
this study. The cohort group consisted of 21 males 

and 26 females, mean age of 50 years. COVID-19 
infection in all patients was confirmed by RT-PCR. 
Patients were grouped based on disease severity 
into mild, n=18; moderate, n=19 and severe group, 
n=10. The criteria used for the definition of mild, 
moderate, and severe cases were in accordance 
with the WHO guideline (WHO, 2022). Serum 
samples were taken in the first week after the onset 
of symptoms. 
Cytokines assay

Samples were tested with ProcartaPlex™ 
immunoassay, which is an antibody-based system 
with magnetic bead reagent for multiplex protein 
quantitation using the Luminex instrument plat-
form. For the purposes of the present study, we ex-
amined serum concentrations of the two cytokines 
IL-6 and IL-10.

All samples were processed according to 
the manufacturer’s instructions, measured by Lu-
minexTM 200X detection system, and analysed with 
ProcartaPlexTM Analyst 1.0 Software (Invitrogen). 
Serum concentrations are given as mean in pg/ml 
with a 95% CI (Confidence interval).
Statistical analysis

The statistical analysis of data was performed 
in SPSS software using independent samples 
Kruskal–Wallis test. We evaluate the correlation re-
lations between IL-6 and IL-10 cytokines overall in 
different groups of severity calculating Spearman’s 
correlation coefficient. A p-value of < 0.05 was 
considered statistically significant. Graphs were 
made with GraphPad Prism 9 software.
Results

Our study established that the serum con-
centrations of two important immune response cy-
tokines, IL-10 and IL-6, were elevated in samples 
from COVID-19 patients. The analysed data is pre-
sented in Table 1. 

IL-10 serum levels were increased in all 
groups of patients, with the highest mean serum 
concentration (5.35 pg/ml) in the severe group. We 
found a statistically significant difference between 
the groups (p<0.05), (Fig. 1).

IL-6 showed a trend for higher mean concen-
tration values in the severe group (215.07 pg/ml). 
The difference between groups was found to be sta-
tistically significant (p<0.05), (Fig. 2).

While IL-6 and IL-10 did not correlate in 
the whole cohort, a high correlation was observed 
between them when only moderate and severe pa-
tients were analysed (Fig. 3) (Spearman’s R=0.6; 
p<0.001).
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Fig. 3. A positive correlation between the levels of 
IL-6 and IL-10 in patients with moderate and se-
vere COVID-19 (Spearman R=0.6; p<0.001).
Discussion

We studied 47 patients divided into three 
groups based on disease severity (mild, moderate, 
and severe) and observed significant differences in 
the concentrations of IL-6 and IL-10 between the 
three groups. The serum levels of both cytokines 
were noticeably higher in patients with severe dis-
ease compared to those with mild or moderate 
illness. A high correlation was observed between the 
expression of the two molecules after excluding the 
mild cases which correspond to the fact that patho-
logical inflammation combined with “exaggerated” 
inhibition is associated with aggravated clinics.

IL-6 plays an important part in the early re-
sponse against SARS-CoV-2 infection. It is initially 
elevated together with other molecules of the in-
nate antiviral defence such as type I/III interfer-
ons, IL-1, and TNF-α in an attempt to limit viral 
replication and dissemination (Pasrija and Naime, 
2020). However, IL-6 has also been established as 
a key factor in the induction and maintenance of the 
hyperinflammatory state characteristic of severe 
COVID-19 disease. Observations from previous 
studies have consistently found a positive correla-

Table 1. Mean serum levels of IL-10 and IL-6 in mild, moderate and severe COVID-19 patients

Cytokine Severity Mean SD SE 95%CI 
Lower Bound

95%CI 
Upper Bound

IL-10 (pg/ml) Mild 0.88 1.37 0.26 0.34 1.42
  Moderate 1.66 3.95 0.69 0.24 3.09
  Severe 5.35 7.51 1.77 1.61 9.08
lL-6 (pg/ml) Mild 10.86 3.81 0.73 9.35 12.37
  Moderate 11.15 5.20 0.91 9.27 13.02
  Severe 215.06 606.11 142.86 -86.34 516.48

SD – standard deviation, SE – Standard error, CI – Confidence interval 

Fig. 1. Evaluation of serum levels of IL-10 in the 
group of patients with mild, moderate and severe 
COVID-19. Individual values for patients with mild (group 
1, open circle); with moderate (group 2, grey circle) and with 
severe (group 3, black circle) COVID-19 are shown. Means are 
denoted. Statistical differences were determined by Kruskal–
Wallis test (**p<0.001, *p<0.05, ns - not significant, p>0.05). 

Fig. 2. Evaluation of serum levels of IL-6 in the 
group of patients with mild, moderate and severe 
COVID-19. Individual values for patients with mild (group 
1, open circle); with moderate (group 2, grey circle) and with 
severe (group 3, black circle) COVID-19 are shown. Means 
are denoted. Statistical differences were determined by 
Kruskal–Wallis test (**p<0.001, ns, not significant, p>0.05).
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tion between serum concentrations of this cytokine 
and disease severity (Coomes and Haghbayan, 
2020; Vabret et al., 2020; Darif et al., 2021). Some 
studies have even proposed the role of IL-6 as a bi-
omarker predictive of poorer outcomes (Darif et al., 
2021; Ling et al., 2021; Hsu et al., 2022), though 
its prognostic utility has been questioned by others 
(Yang et al., 2020).

We observed significantly increased produc-
tion of IL-6 in patients with a severe disease which 
suggests a key role for this cytokine in the develop-
ment of pathological inflammation. There are several 
mechanisms through which this could be achieved. 
Its effects on the liver lead to induction of the acute 
phase response with an elevation of the acute phase 
proteins C-reactive protein (CRP), fibrinogen, se-
rum amyloid A (SAA), α1-antichymotrypsin and 
suppression of fibronectin, albumin, etc. IL-6 also 
promotes Th17 and cytotoxic CD8 T cell differen-
tiation, and antibody production while inhibiting 
Treg activation. Th17 cells in turn secrete the potent 
pro-inflammatory cytokine IL-17 which is responsi-
ble for the induction of many inflammatory cytokines 
and chemokines and promotes the recruitment of 
neutrophils (Tanaka et al., 2014; Pasrija and Naime, 
2020; Darif et al., 2021). In severe COVID-19 IL-6 
has been found to correlate with lymphopenia (es-
pecially concerning CD8 and CD4 T cell counts), 
increased NLR, as well as NK cell dysfunction. It 
has been proposed to play a role in lymphocyte ex-
haustion and necrosis and dysregulation of NK cell 
cytolytic properties (Vabret et al., 2020; Hsu et al., 
2022). IL-6 also contributes to the development of 
pathological vascular events by promoting the ex-
pression of tissue factors, production of fibrinogen, 
and stimulation of megakaryocytes. This results in 
thrombotic events in the lungs and other organs and 
further exacerbates the immunopathological state 
(Darif et al., 2021). In addition, IL-6 has pro-fibrotic 
effects on tissues, including the lungs, by acting on 
fibroblasts, which promotes the development of pul-
monary fibrosis (Tanaka et al., 2014). All these ad-
verse effects separately or in combination contribute 
to a more severe disease course and explain the clin-
ical findings of severe pneumonia and systemic in-
flammation that we observed in patients with highly 
elevated IL-6 concentrations.

Considering its significant role in disease 
pathogenesis, it is not surprising that IL-6 has been 
suggested as a promising target of therapeutic efforts 
in the management of COVID-19. The success of 
several clinical trials with siltuximab (monoclonal 
antibody against IL-6), tocilizumab, and sarilumab 

(IL-6R antagonists) is further testament to the detri-
mental role of high IL-6 concentrations on disease 
progression (Coomes and Haghbayan, 2020; Darif 
et al., 2021; Luo et al., 2021; Hsu et al., 2022).

In contrast, IL-10 is an important anti-inflam-
matory cytokine that leads to suppression of proin-
flammatory cytokine expression, antigen presenta-
tion, and activation of CD4+ T cells with overall 
inhibition of the Th1 response (Couper et al., 2008; 
Filippi and von Herrath, 2008; Ouyang et al., 2011). 
Thus, it plays a crucial role in preventing excessive 
tissue damage during infection. 

Despite its protective properties, results from 
numerous studies indicate that significantly higher 
serum concentrations of IL-10 were found in pa-
tients with severe disease in comparison to those 
with milder symptoms (Vabret et al., 2020; Ling et 
al., 2021; Hsu et al., 2022). Increased levels have 
also been found to correlate with the elevation of 
other cytokines characteristic of CRS. There have 
been few reports suggesting that IL-10 might be 
useful as an indicator of poor prognosis (Lu et al., 
2020; Zhao et al., 2020; Ling et al., 2021) though 
this has not been universally accepted (Yang et al., 
2020).

Our results also point to an association be-
tween elevated IL-10 concentrations and a more 
severe disease course. In the setting of a dysregulat-
ed immune response increased production of IL-10 
could be expected as an attempt to ameliorate the hy-
perinflammatory state. However, suppression of the 
Th1 response probably serves to further impede vi-
ral clearance and aggravate the immune imbalance. 
It has been shown that viral persistence could be as-
sociated with higher counts of Treg cells producing 
IL-10 (Neumann et al., 2020). In addition, uncon-
trolled inhibition of the proinflammatory processes 
by IL-10 in other infections (e.g., with Plasmodium 
spp., Leishmania spp., Mycobacterium spp., LCV, 
etc.) results in fulminant disease or chronification. 
Experiments on mice suggest that IL-10 inhibition 
could be beneficial in cases where there is a corre-
lation between increased levels and poor pathogen 
control (Couper et al., 2008).

There have been suggestions that elevated 
concentrations of IL-10 during severe illness are due 
to either an impaired anti-inflammatory function or 
the promotion of its proinflammatory properties. 
The capacity of IL-10 in high concentrations to in-
duce an inflammatory response in certain situations 
has been demonstrated in several studies (Lu et al., 
2020; Islam et al., 2021). Increased levels have also 
been correlated with lymphopenia and IL-10 could 
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also be responsible for the functional exhaustion of 
CD8 T lymphocytes observed in severe COVID-19 
disease (Diao et al., 2020; Vabret et al., 2020). “Re-
sistance” of the immune system to IL-10 suppres-
sion has been reported in hyperglycemic states and 
might be another mechanism of disease aggravation 
that might be worth further investigation (Islam et 
al., 2021). Therefore, it is not surprising that we 
have found higher IL-10 levels in patients present-
ing with more severe symptoms though whether in-
creased production is a cause or a consequence of 
the hyperinflammatory state is yet unclear and more 
research might be necessary for this direction.
Conclusion

The clinical course of COVID-19 is high-
ly dependent on the delicate balance between the 
pro- and anti-inflammatory response to infection. 
We found that severe COVID-19 disease is accom-
panied by significantly higher concentrations of 
IL-6 and IL-10 as compared to cases with milder 
symptoms. This is in accordance with the biolog-
ical functions of these cytokines and suggests that 
the parallel evaluation of IL-6 and IL-10 would be 
more instrumental for monitoring and prognosis of 
COVID-19. 

COVID-19 patients with severe symptoms 
seem to display a distinct pattern of immune dys-
regulation. Further investigations will potentially 
aid in the development and optimization of new 
management strategies.
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Abstract

Non-SARS coronaviruses (HCoVs) contribute substantially to seasonal common colds. Their struc-
tural homology with SARS-CoV-2 suggests a possible cross-reactivity and cross-protection. The presence 
of IgG to the most common HCoVs (NL63, 229E, OC43, HKU1) in correlation with RBD-specific IgG 
and IgA, and the susceptibility to SARS-CoV-2 infection was evaluated in 48 individuals with recently 
diagnosed moderate SARS-CoV-2 infection (A, n=24) or intensive exposure to SARS-CoV-2 (B, n=24). 
Anti-S1 IgG for each of the four HCoVs, alongside with RBD-IgG and RBD-IgA were evaluated using 
ELISA (Creative Diagnostics, USA; Euroimmune, Germany). RBD-specific IgG and IgA were detected 
in 37% and 71% of group A (average levels 8.5 and 6.8) and 42% and 29% of group B (average levels 
3.4 and 4.6 respectively, p<0.05). IgG specific for NL63, 229E, and OC43 was present in 100.0%, and for 
HKU-1 - in 94% of tested samples (average index 7.4, 3.9, 4.1, and 2.6, respectively). The levels of IgG 
to NL63 and 229E did not differ significantly between the groups (7.6 vs.7.2; 3.7 vs. 4.1, p>0.05), nor did 
correlate with anti-SARS-CoV-2 response. HKU-1-specific IgG was significantly decreased in COVID-19 
patients (A) as compared to SARS-CoV-2 resistant donors (B): 1.98vs.3.2, p<0.01. Curiously, OC43-spe-
cific IgG was lower in the group with intensive exposure to SARS-CoV-2 (3.5vs.4.7, p<0.01), and correlat-
ed with RBD-specific IgA (R=0.42, p<0.05). IgG to seasonal coronaviruses is commonly detected, but only 
HKU-1-specific IgG was associated with resistance to SARS-CoV-2 infection. OC43-specific IgG may be 
induced simultaneously with RBD-specific IgA and interfere with SARS-CoV-2 neutralization. 
Keywords: SARS-CoV-2, COVID-19, seasonal coronaviruses 
Резюме

Човешките не-SARS коронавируси (HCoVs) причиняват значителен дял от сезонните настинки. 
Тяхното структурно сходство със SARS-CoV-2 повдига въпроса за наличието на кръстосана 
реактивност и защита към двата типа вируси. Ние изследвахме наличието на ИгГ антитела към най-
често срещаните HCoVs (NL63, 229E, OC43, HKU1) във връзка с наличието на RBD-специфични 
IgG и IgA и податливостта към SARS-CoV-2 при 48 лица след наскоро диагностицирана средно-
тежка SARS-CoV-2 инфекция (А, n=24) или интензивна експозиция на SARS-CoV-2 (В, n=24). Анти 
S1-IgG към HCoVs и към SARS-CoV-2 RBD-IgG и RBD-IgA са изследвани с ELISA (Creative Di-
agnostics, САЩ; Euroimmune, Германия). RBD-специфични IgG и IgA бяха открити в 37% и 71% 
от Група А (средни нива 8.5 и 6.8) и в 42% и 29% от група В (средни нива 3.4 и 4.6, р<0.05). NL63-
, 229E-, и OC43-специфични ИгГ бяха открити в 100.0%, а HKU-1-специфични IgG – в 94% от 
тестваните проби, със среден индекс съответно 7.4, 3.9, 4,1 и 2.6. Нивата на IgG към NL63 и 229E не 
се различаваха значимо между групите (7.6 с/у 7.2; 3.7 с/у 4.1, р>0.05), нито корелираха с отговора 
към SARS-CoV-2. HKU-1-специфичните IgG бяха значително по-ниски при пациентите с COV-
ID-19(A) спрямо устойчивите на SARS-CoV-2 донори(В): 1.98с/у3.2, р<0.01. Интересно е, че OC43-
специфичните IgG бяха по-ниски в групата с екстензивна експозиция (3.5 с/у 4.7 в група А, р<0.01) 
и корелираха с RBD-специфичните IgA (R=0.56, p<0.01). Антителата срещу сезонни коронавируси 
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Introduction
Coronaviruses have been circulating among 

humans long before the emergence of SARS-
CoV-2, and the outbreaks caused by SARS-CoV 
and MERS-CoV. Seasonal coronaviruses cause 
mild to moderate upper-respiratory tract infection, 
contributing substantially to the burden of com-
mon colds each year. The first human coronavirus-
es (HCoVs) were isolated in the 1960s (Tyrrell and 
Bynoe, 1965). Four strains of seasonal coronavi-
ruses circulate worldwide: alpha (NL63, 229E) and 
beta- (OC43, HKU1). HCoVs are believed to cause 
15% – 30% of common colds (Gorse et al., 2010; 
Paules et al., 2020). According to a Dutch study, 
50% of tested children were seropositive for al-
pha- or betacoronaviruses by the age of 30 months, 
the seropositivity for alpha-coronaviruses reached 
100.0% by the age of 10, and 90% of adults was 
estimated to have antibodies against HCoVs (Dijk-
man et al., 2008; 2012). In terms of transmissibility 
and ability to replicate in the nasopharynx, HCoVs 
are very similar to SARS-CoV-2, although they do 
not have the same tendency to cause severe low-
er respiratory tract disease (Dijkman et al., 2013; 
Sungnak et al., 2020). The endemic HCoVs share 
extensive sequence homology with SARS-CoV-2, 
and immune responses to HCoVs can cross-react 
with SARS-CoV-2 antigens, bringing forward the 
question of cross-reactivity and possible cross-pro-
tection between these strains (Hicks et al., 2021). 

Several studies comprising have provided 
so far inconclusive results. Some authors report-
ed undetectable cross-neutralization or unlikely 
protection by HCoVs antibodies, and even more 
– a possible antibody-dependent enhancement of 
SARS-CoV-2 infection by previous anti-HCoVs 
immunity (Arvin et al., 2020; Iwasaki and Yang, 
2020). On the other hand, there is compelling ev-
idence suggesting a link between the presence of 
HCoVs–specific antibodies and a milder course of 
COVID-19 (Galipeau et al., 2021; Ruetalo et al., 
2021; Yamaguchi et al., 2021). Thus, the effect of 
pre-existing HCoVs immunity on the susceptibili-
ty and the immune response to SARS-CoV-2 infec-
tion remains unclear and deserves further research 
in the context of the ongoing pandemic. No rele-
vant data is available about the Bulgarian popula-
tion yet.

The aim of the present study was to eval-
uate the presence of circulating IgG to the most  

 
common alpha- (NL63, 229E) and betacoronaviruses  
(OC43, HKU1) and their possible effect on the de-
velopment of RBD-specific IgG and IgA and the 
susceptibility of SARS-CoV-2 infection. 
Material and Methods
Subjects

Peripheral blood samples were collected from 
48 individuals (22 males, 26 females) with different 
susceptibilities to SARS-CoV-2 infection. Group 
A (n=24; median age 44; min 29 – max 60 years) 
included patients recently diagnosed with moder-
ate SARS-CoV-2 infection (average period since 
positive PCR, 14 days). The blood samples were 
collected in the period between March 2020 and 
November 2021, and none of the participants was 
vaccinated against SARS-CoV-2. Group B (n=24; 
median age 52, min 26 – max 71 years) included 
healthcare workers who had been intensively ex-
posed to SARS-CoV-2 as a result of professional /
and/ household/ contact but have never had a pos-
itive SARS-CoV-2 test or showed clinical signs of 
infection. In accordance with guidelines provided 
by the National Institute of Health, disease severity 
was defined (NIH, 2022).
Enzyme-Linked Immunosorbent Assays 

Virus-specific antibody responses were meas-
ured in plasma with semi-quantitative ELISA. For 
evaluation of human RBD-IgG and -IgA antibod-
ies against SARS-CoV-2, microtiter wells coated 
with S1 domains of spike protein were used (An-
ti-SARS-CoV-2 ELISA, Euroimmun, Lübeck, Ger-
many). Results were presented as a ratio of the ex-
tinction of the patient sample over the extinction of 
the calibrator (Es/Ec). According to the manufac-
turer’s instructions, concentrations of IgG or IgA 
corresponding to a ratio greater than 1.1 (Es/Ec) 
were considered positive, and those below 0.8 were 
negative. 

The presence of IgG specific for each of the 
four HCoVs (NL63; 229E; OC43; HKU-1) in plas-
ma was determined with ELISA using microwells, 
coated with the respective purified HCoVs S1 an-
tigens, according to manufacturer’s instructions 
(CD, Creative Diagnostics, USA). Briefly, plasma 
samples were diluted 1:10 with Working Sample 
Diluent (WSD) to stabilize antibody activity and 
followed by a further dilution of 1:100.00 with Low 

са установяват често, но само HKU-1-специфичните ИгГ са свързани с устойчивост към SARS-
CoV-2 инфекция. OC43-специфичните IgG вероятно се индуцират заедно с RBD-IgA и затрудняват 
неутрализацията на SARS-CoV-2.
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NSB Sample Diluent (LNSD), providing the lowest 
assay background. The antibody activity threshold 
index was determined as the ratio of the extinction 
of the patient sample over the extinction of the cal-
ibrator (Es/Ec). The concentrations corresponding 
to an index above 1.0 were considered positive, ac-
cording to the manufacturer’s instructions. 
Statistical methods

Statistical analysis was performed with 
GraphPad Prism software v9.0. Significant differ-
ences between the groups were determined by the 
Mann Whitney test and correlations by the Pearson 
test.
Results 
SARS-CoV-2 specific antibody response

The evaluation of SARS-CoV-2 specific an-
tibodies in the separate groups showed that 37% 
of recently diagnosed COVID-19 patients (group 
A), and 42% of donors with intensive exposure to 
SARS-CoV-2 (group B) had RBD-IgG antibodies, 
at average levels of 8.5 (5.6 - 14.0) and 3.4 (1.1 
- 6.1), respectively (p>0.05) (Fig. 1). At the same 
time, SARS-CoV-2 specific RBD-IgA were detect-
ed in 71% of group A donors, with an average in-
dex of 6.8 (1.1 – 13.0) as compared to only 29% of 
group B donors, at significantly lower levels (4.6, 
1.5 - 14.9, p<0.001). These results corresponded 
to the established dynamics of anti-SARS-CoV-2 
antibody responses, with RBD-specific IgA often 

appearing during the first week after infection, and 
much earlier than RBD-IgG. (Ong et al., 2021) At 
the same time, the detection of RBD-IgA and RBD-
IgG, in a non-negligible share of group B samples 
in the absence of clinical signs of infection, indicat-
ed a certain resistance to the virus. 
Antibody responses to HCoV viruses

NL63-, 229E-, and OC43-specific IgG were 
detected in 100.0% of tested samples, and only two 
donors had borderline values for HKU-1-specific 
IgG corresponding to a prevalence of 94%. An-
ti-NL63 IgG was the most abundant (average index 
7.4, 2.5 - 20.3), followed by anti-OC43 (4.1, 1.4 
- 8.5), anti- 229E (3.9, 1.2 - 8.4), and anti-HKU-1 
IgG (2.6, 1.0 - 6.5) (Fig. 2). 

Fig. 2. Evaluation of IgG specific for -NL63; 
-229E; -OC43 and -HKU-1 in groups A (grey) 
and B (white). Boxes and whiskers correspond to 
25th - 75th percentile ±1.5IQR. Values falling out of 
this interval are depicted as dots. Dotted line corresponds to 
the cut-off level (1,0). Statistical significance was determined 
by Mann-Whitney test (ns, not significant, p>0.05; *p<0.05; 
***p<0.001). 

In order to evaluate the possible effects of ex-
isting immunity to HCoVs on the development of 
anti- SARS-CoV-2 response, we compared the lev-
els of anti-HCoVs IgG between groups A and B. No 
significant differences were found between the lev-
els of IgG to alpha-HCoVs (NL63 and 229E) (7.6 
vs. 7.2 and 3.7 vs. 4.1. in groups A vs. B respec-
tively, p>0.05) (Fig. 2). Furthermore, anti-NL63 
and anti-229E IgG did not correlate with the an-
ti-SARS-CoV-2 response (data not shown). On the 
other hand, IgG to HKU-1 was significantly higher 
(3.2 vs. 1.98) and IgG to OC43 was significantly 
lower (3.5 vs. 4.7) among resistant controls (group 
B) as compared to COVID-19 patients, (group A), 
(p<0.01 for both). (Fig. 3A, B). 

Fig. 1. Evaluation of RBD-IgG and -IgA specific 
for SARS-CoV-2. Individual values for patients 
with moderate COVID-19 (group A, grey); do-
nors with intensive SARS-CoV-2 contact (group B, 
white) are shown. Means are denoted. Dotted lines corre-
spond to the cut-off level (0,8 – 1,0). Statistical differences 
were determined by Mann Whitney test ***p<0.001; ns, not 
significant, p>0.05.
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We further discovered that 69% of the asymp-
tomatic donors (group B) who were lacking both 
SARS-CoV-2-specific IgG and -IgA had signif-
icantly high levels of anti-HKU-1 IgG (Fig. 4A). 
In addition, a positive correlation was established 
between the levels of anti-OC43 IgG and RBD-spe-
cific IgA in group B (Pearson’s R=0.42, p=0.004) 
(Fig. 4B).
Discussion

Understanding the effects of preexisting im-
munity to HCoVs on the efficiency of SARS-CoV-
2-specific immune response is central both for the 
management of COVID-19 patients, as well as for 
the development of diagnostic tests and prevention 

strategies. We demonstrated that the levels of IgG 
specific for betacoronaviruses HKU1 and OC43 
differentiate between donors with different suscep-
tibility to SARS-CoV-2 infection. Virus-specific 
antibodies with neutralizing activity are an import-
ant correlate of protection as they block virus entry 
into the target cells and may prevent disease when 
present in sufficient quantity at the moment of in-
fection (Klasse, 2014).

Primary adaptive immune response takes 
several days to produce a saturating quantity of 
virus-specific antibodies, giving the virus enough 
time to spread and produce symptoms with diverse 
severity. In contrast, pre-exposed individuals dis-

Fig. 3. Levels of IgG specific for beta coronaviruses differ significantly between patients with moderate 
COVID-19 infection (A) and intensively exposed donors (B). Anti-HKU-1 IgG (Left) was significantly 
lower, and anti-OC43 IgG (Right) was significantly higher in group A (grey) as compared to group B donors 
(white); The mean difference (P5-P95) between A and B values are presented in black (A-B).

Fig. 4. Associations between SARS-CoV-2-specific IgG and -IgA and HKU1-specific IgG A) Most group 
B donors with high levels of anti-HKU-1 IgG (grey) had no or low RBD-IgG and RBD-IgA; B) A positive 
correlation between the levels of anti-OC43 IgG and RBD-specific IgA in group B donors (Pearson R=0.42, 
p=0.04).
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pose of circulating virus-specific IgA and/or IgG 
depending on the recency of exposure, as well as 
of long-living memory B cells capable of restoring 
protective antibodies on short notice. SARS-CoV-2 
RBD-specific IgA and IgG correlate best with se-
rum-neutralizing activity although antibodies bind-
ing outside RBD may also affect viral entry (Rueta-
lo et al., 2021). In our cohort of recently diagnosed 
COVID-19 patients, RBD-IgA was detected at a 
high frequency unlike RBD IgG (71% vs. 37%), 
reflecting the typical dynamics of primary SARS-
CoV-2 antibody response. Between 29% and 42% 
of the exposed controls also displayed SARS-
CoV-2 specific IgA and/or IgG corresponding to 
previous and/or ongoing asymptomatic infections. 
At the same time, about 60% of resistant donors 
displayed no SARS-CoV-2 specific antibodies and 
yet remained intact in high-risk settings. 

Protein homology between seasonal corona-
viruses and SARS-CoV-2 has been estimated as 
important, reaching about 20% for S1, 40% for S2, 
and 33% for N peptides (Hicks et al., 2021; Saletti 
et al., 2020). Hence the hypothesis about the possi-
ble effects of prior immunity to HCoVs on the sus-
ceptibility to SARS-CoV-2 infection. 

In our hands, almost 100.0% of tested sam-
ples indicated the previous contact with endemic 
coronaviruses. Others have reported rates between 
74% and 86% for the 4 HCoVs among adults (21 – 
70 years old), and considerably lower rates for chil-
dren and adolescents (Dijkman et al., 2008; 2012; 
Galipeau et al., 2021). It should be noted however 
that those studies have analyzed pre-pandemic co-
horts, and the elevated prevalence of HCoV-specif-
ic immunoglobulins in our study might also reflect 
the cross-boosting of previously established mem-
ory clones.

According to our results, significant differ-
ences in the levels of IgG to beta-coronaviruses ex-
isted between COVID-19 patients (A) and SARS-
CoV-2 “resistant” donors (B). Anti-HKU-1 IgG 
was significantly higher in group B, indicating a 
possible cross-protective effect. Importantly, 85% 
of the asymptomatic donors with high levels of an-
ti-HKU1 were RBD-IgA-negative, and 69% were 
lacking both RBD-IgG and IgA. Therefore, preex-
isting immunity to HKU1 could be one of the fac-
tors for decreased susceptibility to SARS-CoV-2. 

HCoV-HKU1 displays 29% identity and 40% 
similarity with SARS-CoV-2, concentrated towards 
the C-terminus of the spike proteins, that are respon-
sible for the insertion of the fusion peptide into the 
host cell membrane, and practically lacking in RBD 

(Hicks et al., 2021). Thus, while not interfering 
with diagnostic tests based on S1 proteins, cross-re-
active anti-HKU1 IgG may help prevent host cell 
invasion. Other studies also indicated that pre-ex-
isting immunity to HCoVs may reduce the sever-
ity of COVID-19 infection. Mostly (but not only) 
betacoronaviruses were implied in line with their 
higher homology with SARS-CoV-2. A less severe 
course of COVID-19, decreased need for intensive 
care therapy and death rates were associated with 
higher levels of anti-HKU1 and OC43- antibodies, 
(Dugas et al., 2021; Sagar et al., 2021; Yamaguchi 
et al., 2021). In a study with pre-pandemic serum 
samples Anti-OC43 and -NL63 antibodies, were 
found to have a large range of neutralizing activity, 
capable of interfering with the binding of SARS-
CoV-2 to ACE2 receptors, thus conferring protec-
tion from SARS-CoV-2 (Galipeau, et al., 2021). 
Antibodies against the alpha coronavirus 229E and 
NL63 were also linked to cross-protection against 
mild SARS-CoV-2 infection (Henss et al., 2021; 
Ruetalo et al., 2021). Finally, a study conducted 
among healthcare workers suggested that protec-
tion from SARS-CoV-2 and alleviation of COV-
ID-19 symptoms depended on more complex ratios 
between preexisting anti-HCoV antibodies rather 
than on a single specificity (Gouma et al., 2021). 
However, prevention of symptomatic SARS-CoV-2 
infection by pre-existing HKU1 immunity has not 
been reported yet.

We observed an interesting tendency for an-
ti-OC43 IgG. They seemed to be induced in paral-
lel with RBD-IgA, while not conferring protection, 
as their levels were higher in COVID-19 patients 
(A) as compared to asymptomatic controls (B). In 
fact, a number of studies have questioned the idea 
of cross-protection. Aguilar-Bretones et al. (2021) 
reported that boosted HCoVs-specific IgGs did not 
substantially contribute to SARS-CoV-2 neutraliza-
tion in severe COVID-19. According to Guo et al. 
(2021), there was no impact of the antibodies for 
seasonal HCoVs in the early phase of SARS-CoV-2 
infection, while HCoV-OC43 IgG S, was found 
particularly increased in the severe COVID-19 cas-
es. Two other studies go even further, stating that 
pre-existing HCoV antibodies may hinder effective 
immunity against SARS-CoV-2 based on the idea 
of “original sin” or “immunological imprinting” 
i.e., memory responses to previously met cross-re-
acting HCoVs may dominate the priming of the 
new clones specific for SARS-CoV-2 (Aydillo et 
al., 2021; Focosi et al., 2021; Lin et al., 2022). 

We propose that the higher levels of an-
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ti-OC43 IgG observed in our study for COVID-19 
patients were an effect of the parallel activation of 
cross-reacting memory B cell clones. Co-infection 
was improbable as shown by molecular-epidemi-
ology studies conducted in Bulgaria at that time 
(Trifonova et al., 2022). Yet, we do not consider 
this result contradictory to the before-cited studies. 
A higher level of anti-OC43 IgG in group A could 
simply reflect a more intense immune response to 
a more important viral load while nothing indicates 
that increased anti-HCoVs IgG deteriorates prog-
nosis. Moreover, a considerable cross-reactivity be-
tween T cell clones specific for SARS-CoV-2 and 
HCoVs has also been established, which can con-
tribute to a stronger immune response.
Conclusion

The common immunity to seasonal corona-
viruses may have a significant impact on SARS-
CoV-2-induced immune responses. HKU-1 and 
OC43-specific memory clones can be induced si-
multaneously with the production of RBD-specif-
ic IgA, and depending on SARS-CoV-2 viral load, 
modify the susceptibility and response to SARS-
CoV-2 infection. 
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Abstract

Enterococci are becoming one of the most important public pathogens in clinical infections with 
increasing resistance to antimicrobial agents. Limited data exist on the pathogens in clinical settings in the 
study area. Hence, we aimed to determine the occurrence of different species of Enterococcus isolated from 
clinical specimens at three hospitals, evaluate the resistance profile and determine their multiple antibiotic 
resistance (MAR) indices. A total of 66 isolates were collected from different clinical specimens, subcul-
tured, and identified according to standard cultural and biochemical characteristics. The antimicrobial re-
sistance pattern was evaluated for all identified Enterococcus spp. by the disk diffusion method using eight 
antibiotics. Forty-eight (48) Enterococcus isolates were identified, with Enterococcus faecalis (29, 60.4%) 
and E. faecium (12, 25%) being the most common. The isolates showed elevated resistance to cefpodoxime 
(CPD) (100.0%), gentamicin (GEN) (85.4%), tetracycline (TE) (83.3%), and erythromycin (E) (68.8%). 
Over a third of the isolates were resistant to ciprofloxacin (CIP) (33.3%) and vancomycin (VAN) (37.5%). 
There were 20 different resistance phenotypes observed, and the most common resistant pattern was CPD, 
TE, E, CIP, and GEN. MAR indices of the isolates were >0.2, which was observed in 97.9% of the isolates. 
This study indicated a significant proportion of antibiotic-resistant enterococci in the hospitals studied, 
suggesting a potential public health risk that should prompt more outstanding research into better infection 
management.
Keywords: Enterococcus species, clinical specimens, resistance phenotypes, multiple antibiotic
resistance (MAR) indices
Резюме

Ентерококите се превръщат в един от най-важните патогени причиняващи клиничните инфекции 
с нарастваща резистентност към антимикробни агенти. Това е слабо изследвана област в клинични 
условия. Ние си поставихме за цел да определим наличието на различни видове Enterococcus, из-
олирани от клинични проби в три болници и да оценим профила на резистентност чрез индекса 
на множествена антибиотична резистентност (MAР). От различни клинични проби са събрани 66 
изолата, които са култивирани и идентифицирани в съответствие с техните стандартни културални 
и биохимични характеристики. По метода на дискова дифузия с помощта на осем антибиотика е 
направена оценка на модела на антимикробна резистентност на всички идентифицирани видове 
Enterococcus spp. Идентифицирани са четиридесет и осем изолата от род Enterococcus, най-често 
срещаните от тях са Enterococcus faecalis (29; 60.4%) и E. faecium (12; 25%). Изолатите показват по-
вишена резистентност към цефподоксим (CPD) (100.0%), гентамицин (GEN) (85.7%), тетрациклин 
(TE) (83.3%) и еритромицин (E) (68.8%). Над една трета от изолатите са резистентни към ципро-
флоксацин (CIP) (33.3%) и ванкомицин (VAN) (37.5%). Установени са 20 различни фенотипа на рез-
истентност и най-често срещаният резистентен модел е CPD, TE, E, CIP и GEN. MAР индексите на 
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Introduction
Enterococci are opportunistic Gram-positive 

bacteria that primarily reside in the intestinal tract, 
oral cavity, and genitourinary tract of humans and 
animals. In nature, they can be found in soil, wa-
ter, foods, dairy products, and plants (Tremblay et 
al., 2011). The genus comprises 59 species (Lee et 
al., 2022) that are increasingly becoming sources of 
nosocomial infections despite being once consid-
ered low-grade pathogens. Members of the genus 
are commonly encountered in patients with urinary 
tract infections, bloodstream infections, and surgi-
cal site infections, with Enterococcus faecalis and 
E. faecium accounting for 70% of all cases (Goel et 
al., 2016; Awadh et al., 2021).  

E. faecalis is the third most often documented 
cause of infective endocarditis, representing 5–15% 
of the total set of enterococcal infections (Khan et 
al., 2018; Devarakonda et al., 2022). Other entero-
coccal species were rarely detected in clinical 
specimens until recently when they began to be 
linked to healthcare-associated infections. They 
include E. avium, E. casseliflavus, E. raffinosus, 
E. mundtii, E. durans, E. hirae, and E. gallinarum 
(Monticelli et al., 2018; Ramos et al., 2020). For 
example, E. raffinosus strains have been isolated 
from inpatients in nosocomial outbreaks (Jolivet et 
al., 2016). E. gallinarum and E. casseliflavus are 
associated with numerous human invasive infec-
tions and are thought to colonize the digestive tracts 
of both hospitalized and non-hospitalized individu-
als, with infection rates ranging from 1-2% (Khan 
et al., 2015). 

The clinical importance of Enterococcus 
is correlated with its antibiotic resistance, which 
contributes to the risk of colonization and infec-
tion (Adhikari et al., 2018). By employing a vari-
ety of genetic mechanisms, these organisms have 
developed resistance to virtually all classes of 
antimicrobials currently utilized in clinical prac-
tice including glycopeptides and aminoglycosides 
(Miller et al., 2014). In Baotou, China, an analy-
sis of 73 enterococcal isolates from clinical spec-
imens showed that a significant number of them 
were resistant to a variety of antibiotics including 
erythromycin (89.0%), ciprofloxacin (74.0%), am-
picillin (54.8%), and gentamicin (50.7%) (Tian et 
al., 2019). More specifically, vancomycin-resistant  
Enterococcus (VRE) has become challenging in  

 
hospital settings. As a matter of fact, in 2013, the 
Centers for Disease Control and Prevention (CDC) 
predicted that VRE would be one of the top 18 anti-
biotic-resistant pathogens to be combated globally 
(Khalifa et al., 2018).  

Vancomycin-resistant Enterococcus infec-
tions are highly problematic in Western countries 
and the spread of the strains has become a glob-
al concern. Most VRE infections are caused by E. 
faecium (Jada and Jayakumar, 2012), which is also 
responsible for difficult-to-treat hospital and com-
munity-acquired infections such as bacteremia, en-
docarditis, and urinary tract infections (Kateete et 
al., 2019). Jakovac et al. (2017) established those 
Western Balkan countries had a high prevalence of 
vancomycin-resistant E. faecalis and E. faecium. 
Also, data from Ethiopia showed that the cumula-
tive incidence of VRE in their country was 14.8% 
and that the proportion of multidrug resistance was 
60.0%, demonstrating that multidrug resistance is 
widespread (Melese et al., 2020). Altogether, these 
studies submitted that infections caused by VRE 
are associated with increased healthcare expenses 
and significant mortality.

Despite their critical implication in public 
healthcare worldwide, only a few studies (Ola-
wale et al., 2011; Oluwole et al., 2013; Adeyemi 
et al., 2021) have assessed the burden of entero-
cocci in clinical settings in Nigeria, limiting the 
understanding of resistance among our indigenous 
strains. In addition, little is known regarding the 
involvement of non-faecalis enterococci in clinical 
infections, particularly VRE infections, except for 
a small number of published studies (Adeyemi et 
al., 2021). Therefore, this study aimed to determine 
the occurrence of enterococci in clinical specimens 
and assess their susceptibility patterns to regular-
ly used antibiotics. Findings from this study will 
guide the rational use of the existing antimicrobials 
and direct optimal empiric treatment, especially in 
critically ill patients.
Materials and Methods
Study center and design

Gram-positive isolates recovered from rou-
tine cultures processed at the Microbiology Labora-
tories of Lagos State University Teaching Hospital 
(LASUTH), University of Lagos (Unilag) Medical 

изолатите са >0.2, което се наблюдава при 97.9% от тях. Настоящото проучване показва значителна 
част от резистентни на антибиотици ентерококи в изследваните болници, което предполага 
потенциален риск за общественото здраве. Това трябва да ускори по-задълбочени изследвания за 
постигане на по-добро управление на инфекциите.
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Centre, and Lagos University Teaching Hospital 
(LUTH) were obtained and analyzed. Sixty-six iso-
lates from clinical samples (urine, pus, feces, and 
swabs), 17 of which came from LASUTH, 34 from 
UNILAG, and 15 from LUTH were examined. 
Since the study was an analysis of bacterial isolates 
acquired as part of patients’ regular laboratory diag-
nosis, no ethical review or permission was required.
Isolation and identification of Enterococcal 
isolates

Enterococcus was identified by standard 
microbiological techniques. Initial processing in-
volved inoculation into brain heart infusion broth 
which was incubated overnight at 37oC. The colo-
nies that were black after subculturing on bile escu-
lin azide (Oxoid, UK) and incubated at 37°C for 24 
hours were purified on Brain Heart Infusion Agar 
(Hi Media, India). Further analysis was done as de-
scribed by Karlene et al. (2001). The results were 
interpreted using ABIS online bacterial identifica-
tion and analysis software (https://www.tgw1916.
net/bacteria_logare_desktop.html).
Antibiotic susceptibility testing

Antibiotic susceptibility testing was deter-
mined with the disc diffusion method and inter-
preted according to the Clinical and Laboratory 
Standard Institute guidelines (CLSI, 2014). Briefly, 
the purified isolates were inoculated in 5.0 mL of 
Mueller Hinton Broth (Lab M, United Kingdom) 
and incubated overnight. The turbidity of the broth 
was adjusted to the optical density of 0.5 McFar-
land standard. Using sterile swab sticks, the broth 
cultures were aseptically swabbed on Mueller-Hin-
ton Agar (Lab M, Lancashire, United Kingdom). 
Eight antibiotic discs (Oxoid, England) were used: 
Imipenem (IPM) (10 µg), gentamicin (GEN) (10 
µg), tetracycline (TE) (30 µg), ciprofloxacin (CIP) 
(5 µg), erythromycin (E) (15 µg), vancomycin 
(VAN) (30 µg), cefpodoxime (CPD) (10 µg), and 
amoxicillin/clavulanic acid (AMC) (3 µg). While 
resistance to cefpodoxime was established as sug-
gested by Frank et al. (2021), the susceptibility 

of the isolates to other antibiotics was interpreted 
according to CLSI (2014) guidelines. E. faecalis 
ATCC 51299 and E. faecium ATCC 53519 were in-
cluded as control strains.
Multiple antibiotic resistance index determination

The multidrug resistance profile was de-
scribed as resistance to a minimum of one antibiot-
ic in three antimicrobial classes (Magiorakos et al., 
2012). Multiple antibiotic resistance index (MARI) 
indicates that the pathogen is from a “high-risk 
environment” where antimicrobials are indiscrim-
inately used, and it was calculated as previously de-
scribed by Krumperman (1983) using the following 
formula: 

Statistical analysis
The data generated were analyzed using de-

scriptive statistics (Microsoft Excel) with results 
expressed as frequencies and percentages.
Results

Out of the 66 isolates assessed, 48 were 
identified as Enterococcus spp. of which 24 (50%) 
were from Unilag Medical Centre, 9 (18.8%) from 
LUTH, and 15 (31.3%) from LASUTH. Most of 
the isolates were obtained from urine samples 29 
(21.1%) (Table 1). 

Four different Enterococcus spp. were rec-
ognized (Table 2) with the most prominent being 
E. faecalis (60.4%) which was largely from Unilag 
Medical Centre. 

Apart from Unilag Medical Centre, where no 
E. durans were isolated, all three centers had the 
four species (Table 3). The center, however, had a 
greater proportion of E. faecium and E. gallinarum 
than other institutions. The most occurring species 
in LUTH was E. faecalis, representing 66.7% of the 
total enterococcal isolates identified at the hospital. 
Also, the predominant species in LASUTH was E. 

Table 1. Occurrence of Enterococcus species in different clinical samples
Samples E. faecalis E. faecium E. gallinarum E. durans Total
Urine 24 (50.0%) 11 (22.9%) 3 (6.3%) 1(2.1%) 29 (60.4%)
Wound swab 2 (4.2%) 0 (0%) 0 (0%) 2(4.2%) 4 (8.3%)
High vaginal swab (HVS) 3 (6.3%) 0 (0%) 0 (0%) 0(0%) 3 (6.3%)
Blood 0 (0%) 1 (2.1%) 0 (0%) 0(0%) 1 (2.1%)
Throat swab 0 (0%) 0 (0%) 1 (2.08%) 0(0%) 1 (2.1%)
Total 29 (60.4%) 12 (25%) 4 (8.3%) 3(6.3%) 48 (100.0%)
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faecalis accounting for 66.7% of the enterococcal 
isolates from the hospital.

All the species were highly sensitive to im-
ipenem and amoxicillin/clavulanic acid. E. fae-
calis showed high resistance to cefpodoxime (29; 
100.0%), erythromycin (22; 75.9%), tetracycline 
(22; 75.9%), and gentamicin (25; 86.2%) while E. 
faecium showed the highest resistance against cef-
podoxime (12; 100.0%), tetracycline (8; 66.7%), 
gentamicin (9; 75%), and erythromycin (7; 58.3%). 
E. gallinarum showed 100.0% resistance to cefpo-
doxime, tetracycline, and gentamicin whilst resist-
ance to cefpodoxime, tetracycline, erythromycin, 
and gentamicin was more pronounced in E. durans. 
The highest resistance to vancomycin by disk diffu-

sion was observed among E. gallinarum followed 
by E. faecium then E. faecalis (Table 3).
Fig. 1. Antibiotic susceptibility patterns of the  
Enterococcal isolates

As a whole, antibiotic susceptibility results 
revealed resistance to cefpodoxime (100.0%), tet-
racycline (8.33%), erythromycin (68.75%), amoxi-
cillin/clavulanic acid (16.67%), imipenem (6.25%), 
ciprofloxacin (33.33%), gentamicin (85.42%) and 
18(37.5%) of the isolates were VRE (Fig. 1). 

Based on the multidrug resistance analyses 
of the isolates, 42 (87.5%) showed resistance to at 
least three antibiotics of three different classes. A 
total of 20 different resistance phenotypes were ob-
served with an isolate exhibiting resistance to all 
antibiotics (Table 4). In 11 isolates, the most com-
mon resistant pattern was the combination of CPD, 
TE, E, CIP, and GEN. The MARI values of the iso-
lates ranged from 0.12 to 1.0 (Table 4) with a mean 
value of 0.53875. Except for one E. faecalis strain 
with a MAR index of 0.12, all the Enterococcus 
spp. had MAR index values greater than 0.2.
Discussion

In this study, enterococci were detected in 
higher numbers in urine than in other samples, 
which is consistent with previous surveys (Ferede 
et al., 2018; Karna et al., 2019; Getso et al., 2020) 
and supports the assumption that enterococci are 
one of the most common causes of urinary tract in-
fection (UTI) (Cock et al., 2021). The distribution 
of species seen in this investigation is largely com-
parable to that shown in other studies (Fernandes 
and Dhanashree, 2013; Gangurde et al., 2014). A 
considerable proportion of our isolates was E. fae-
calis followed by E. faecium confirming a wide-

Table 2. Prevalence of Enterococcus isolates in the three health centers
Sample Site E. faecalis E. faecium E. gallinarum E. durans Total
LASUTH 10 (34.5%) 2 (16.7%) 1 (25%) 2 (66.7%) 15 (31.3%)
LUTH 6 (20.7%) 1 (8.3%) 1 (25%) 1 (33.3%) 9 (18.8%)
Unilag Medical Centre 13 (44.8%) 9 (75%) 2 (50%) 0 (0%) 24 (50%)
Total 29 (60.4%) 12 (25%) 4 (8.3%) 3 (6.3%) 48 (100.0%)

Table 3. Antimicrobial susceptibility pattern of Enterococcus species
Antimicrobial 
agents

E. faecalis (n=29) E. faecium (n=12) E. gallinarum (n= 4) E. durans (n=3)
R  S R  S  R   S R S

Cefpodoxime 29 (100.0%) 0 (0%) 12 (100.0%) 0 (0%) 4 (100.0%) 0 (0%) 3 (100.0%) 0 (0%)
Tetracycline 26 (89.66%) 3 (6.25%) 8 (66.67%) 4 (33.33%) 4 (100.0%) 0 (0%) 3 (100.0%) 0 (0%)
Erythromycin 22 (75.86%) 7 (24.14%) 7 (58.33%) 5 (41.67%) 2 (50%) 2 (50%) 3 (100.0%) 0 (0%)
Amoxicillin/ 
clavulanic acid 6 (20.69%) 23 (79.31%) 1 (8.33%) 11 (91.67%) 0 (0%) 4 (100.0%) 1 (33.33%) 2 (66.67%)

Imipenem 2 (6.90%) 27 (93.10%) 1 (8.33%) 11 (91.67%) 0 (0%) 4 (100.0%) 0 (0%) 3 (100.0%)
Ciprofloxacin 11 (37.93%) 18 (62.07%) 2 (16.67%) 10 (83.33%) 1 (25%) 3 (75%) 1 (33.33%) 2 (66.67%)
Gentamicin 25 (86.21%) 4 (13.79%) 9 (75%) 3 (25%) 4 (100.0%) 0 (0%) 3 (100.0%) 0 (0%)
Vancomycin 10 (34.48%) 19 (65.52%) 5 (41.67%) 7 (58.33%) 2 (50%) 2 (50%) 1 (33.33%) 2 (66.67%)
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Table 4. Resistance phenotypes and MAR Indices of the Enterococcus isolates

Isolate code Enterococcus sp.
№ of  

Antimicrobial 
class

Resistance phenotype MAR 
Index

1 MC62 E. faecalis 3 CPD, TE, GEN 0.37
2 MC53 E. gallinarum 5 CPD, TE, E, CIP, GEN 0.62
3 MC59 E. faecium 5 CPD, E, AMC, GEN, VAN 0.62
4 MC10 E. faecalis 4 CPD, TE, GEN, VAN 0.50
5 LU6 E. faecalis 5 CPD, TE, E, CIP, GEN 0.62
6 LA18 E. gallinarum 2 CPD, VAN 0.25
7 LU13 E. faecalis 6 CPD, TE, E, AMC, GEN, VAN 0.75
8 LA59 E. faecalis 6 CPD, TE, E, CIP, GEN, VAN 0.75
9 LA15 E. faecium 4 CPD, TE, E, GEN 0.50

10 MC48 E. durans 3 CPD, TE, GEN 0.37
11 MC28 E. faecalis 1 CPD 0.12
12 LU11 E. faecalis 5 CPD, TE, E, CIP, GEN 0.62
13 MC57 E. faecalis 6 CPD, TE, E, AMC, GEN, VAN 0.75
14 MC70 E. faecalis 5 CPD, TE, E, GEN, VAN 0.62
15 LA34 E. durans 5 CPD, TE, E, CIP, GEN 0.62
16 MC94 E. faecalis 5 CPD, TE, E, GEN, VAN 0.62
17 MC90 E. faecium 2 CPD, TE 0.25
18 MC61 E. durans 3 CPD, TE, GEN 0.37
19 LU10 E. gallinarum 5 CPD, TE, E, CIP, GEN 0.62
20 LA39 E. faecalis 4 CPD, TE, E, GEN 0.50
21 MC33 E. faecalis 4 CPD, TE, E, AMC 0.50
22 LU1 E. faecalis 5 CPD, TE, E, CIP, GEN 0.62
23 LU4 E. faecalis 5 CPD, TE, E, CIP, GEN 0.62
24 MC24 E. faecalis 2 CPD, GEN 0.25
25 MC52 E. faecium 5 CPD, TE, E, GEN, VAN 0.62
26 MC65 E. faecium 4 CPD, TE, E, GEN 0.50
27 MC67 E. faecalis 5 CPD, E, AMC, GEN, VAN 0.62
28 LA37 E. faecalis 5 CPD, TE, CIP, GEN, VAN 0.62
29 MC93 E. faecalis 3 CPD, TE, GEN 0.37
30 LU9 E. faecium 4 CPD, E, GEN, VAN 0.50
31 LU8 E. faecalis 7 CPD, TE, E, AMC, IPM, CIP, GEN 0.87
32 MC11 E. gallinarum 5 CPD, TE, E, GEN, VAN 0.62
33 LU7 E. faecalis 6 CPD, TE, E, CIP, GEN, VAN 0.75
34 MC92 E. faecalis 2 CPD, GEN 0.25
35 MC5 E. faecium 5 CPD, TE, E, CIP, GEN 0.62
36 MC58 E. faecium 4 CPD, TE, GEN, VAN 0.50
37 MC88 E. faecalis 4 CPD, TE, E, GEN 0.50
28 LA38 E. faecium 3 CPD, TE, GEN 0.37
39 MC72 E. faecalis 8 CPD, TE, E, AMC, CIP, IPM, GEN, VAN 1.00
40 LA40 E. faecium 5 CPD, TE, E, IPM, VAN 0.62
41 MC54 E. faecium 3 CPD, E, VAN 0.37
42 LA44 E. faecalis 5 CPD, TE, E, AMC, VAN 0.62
43 MC71 E. faecalis 5 CPD, TE, E, CIP, GEN 0.62
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spread presence of these species in a clinical con-
text. This is in accordance with previous studies 
(Olawale et al., 2011; Gangurde et al., 2014), but 
somewhat different from those presented in other re-
ports (Abamecha et al., 2015; Shettima and Iregbu, 
2019), where E. faecium was the dominant species. 

As observed by Britt and Potter (2016) and 
Abamecha et al. (2015), other species in our da-
taset, E. gallinarum (8.3%) and E. durans (6.3%) 
may have clinical implications. Although E. durans 
has consistently made up a tiny minority of entero-
coccal isolates from hospital collections (Devriese 
et al., 2002), higher frequencies of E. gallinarum 
in clinical settings have been documented in Ethi-
opia (Abamecha et al., 2015) and Uganda (Kateete 
et al., 2019). Notwithstanding, our result fits well 
with what was reported by Prakash et al. (2005). 
But even so, the frequency of E. durans reported 
here was lower than that indicated by Abamecha 
et al. (2015) but higher than the 1.0% prevalence 
described in Kuwaiti hospitals (Udo et al., 2003) 
and 1.7% in India (Getso et al., 2020). Thus, these 
observed discrepancies in species distribution be-
tween studies are likely due to variations in study 
regions, specimen types as well as other study 
parameters such as period of study, patient demo-
graphic details, antibiotic use disparity, and detec-
tion techniques.

The current finding underlines the increasing 
proclivity of Enterococcus to develop resistance to 
several antibiotics, with some species making the 
list of “high priority” antibiotic-resistant bacteria 
of the World Health Organization. Except for imi-
penem and amoxicillin/clavulanic acid, our isolates 
exhibited a high level of resistance to the antibiotics 
tested. Bacterial resistance is a major public health 
problem globally, and it is difficult to control in un-
derdeveloped countries due to limited antimicrobial 
resistance surveillance and excessive antibiotic use. 
Ciprofloxacin, a fluoroquinolone, has been among 
the dominant class of antimicrobial drugs for the 
past decade and is frequently used for nosocomi-
al infections empirically (Shanmukhappa et al., 

2015). The rate of ciprofloxacin resistance in this 
investigation was 33%. This is comparable to other 
studies (Toru et al., 2018) but higher than those re-
ported for E. faecalis in Korea (Seo and Lee, 2013). 
In Nigeria, most antibiotics can easily be procured 
over-the-counter and ciprofloxacin, in particular, is 
widely used with or without a prescription.

Also, all Enterococcus species detected in 
the present study exhibited significant levels of 
gentamicin resistance. This is consistent with the 
results of a previous study (Adesida et al., 2017). 
Cefpodoxime resistance also was found in all of 
the isolates. This may not be surprising since en-
terococci are known to have an inherent resistance 
to cephalosporins, thus supporting the assertions 
made by some authors (Liu et al., 1997, Frank et 
al., 2021) that cefpodoxime might not be useful 
for treating Enterococcus infections. In the same 
way, tetracycline and erythromycin resistance was 
prominent among the isolates, which contrasts with 
other findings (Parameswarappa et al., 2013; Abera 
et al., 2021) but concurs with those of an Ethiopian 
study on pediatric patients (Toru et al., 2018). Con-
sequently, standard antibiotic susceptibility testing 
should be considered when determining the best 
treatment course.

For vancomycin resistance, it is noteworthy 
that comparable rates (40.9%) have been recorded 
in some Nigerian studies (Ndubuisi et al., 2017; Ad-
eyemi et al., 2021). Vancomycin has long been con-
sidered as an antibiotic of last resort for Gram-posi-
tive bacterial infections that are severe and difficult 
to treat. The strains of E. gallinarum discovered in 
this report displayed a high level of vancomycin re-
sistance, contrary to the widely held view that E. 
faecium is more resistant to vancomycin than other 
enterococci (Jada and Jayakumar, 2012; Orababa 
et al., 2021). Apparently, the resistance of Entero-
coccus to antibiotics varied significantly among the 
species and from one study to another, even with-
in the same region. Hence, it may be necessary for 
each region to develop its antibiotic policy based on 
continuous monitoring.

Isolate code Enterococcus sp.
№ of  

Antimicrobial 
class

Resistance phenotype MAR 
Index

44 LA60 E. faecalis 5 CPD, TE, E, CIP, GEN 0.62
45 LA42 E. faecalis 4 CPD, TE, E, GEN 0.50
46 LA30 E. faecium 2 CPD, GEN 0.25
47 LA67 E. faecalis 4 CPD, TE, E, GEN 0.50
48 LA14 E. faecalis 5 CPD, TE, E, CIP, GEN 0.62
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The MAR indices are frequently calculated 
to assess health threats with the assumption that 
the data would be useful for assessing pathogens 
in situations where antibiotic consumption is unu-
sual and the risk of transmission into the communi-
ty could have serious health consequences. In this 
study, the MAR indices were considerably higher 
than expected, indicating a big challenge in treat-
ing infections associated with these strains. Similar 
to Adeyemi et al. (2021), most of the strains had 
values more than 0.2, indicating that the isolates 
were indeed high-risk pathogens originating from 
sources of frequent antibiotic use. This observation 
might not be unconnected with the indiscriminate 
use of antibiotics in Nigerian hospitals, necessitat-
ing a re-evaluation of antibiotic recommendation 
programs and raising the need for more research 
on the transmission of MDR-enterococci. Indeed, 
this approach would significantly be valuable in de-
signing long-term strategies to contain MDR-ente-
rococci in our setting.
Conclusion

The isolation rate of E. faecalis tends to be 
high concerning other species of Enterococcus. 
Most of the isolates (89.6%) were sensitive to imi-
penem. This antibiotic could be helpful for treating 
Enterococcus infections in our region. Albeit the 
observed rate of MDR-enterococci is disturbing 
and the detection of a significant number of VRE 
(37.5%) signals a possible sloppiness in antibiotic 
control systems in the hospitals investigated. This 
could critically limit the treatment options against 
enterococcal infections and contribute to the pre-
vailing situation of MDR worldwide. Thus, con-
sistent surveillance as well as routine clinical de-
tection of resistant strains are necessary to combat 
these public health challenges.
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Abstract 

Acinetobacter baumannii is a common and opportunistic pathogen in hospitals. Intrinsic drug resis-
tance and acquired resistance features have caused high drug resistance in this pathogen. The current re-
search evaluated the antimicrobial resistance profile and identified the extended-spectrum beta-lactamases 
(ESBL) producing A. baumannii isolates by both phenotypic and genotypic methods. Totally seventy-three 
A. baumannii isolates were collected from various wards in hospitals and confirmed by standard phenotypic 
methods during winter 2021. For all isolates approved as A. baumannii, an antimicrobial susceptibility test 
was performed using the Kirby-Bauer disc diffusion method. Next, the combined disk method was used 
to identify ESBL-producing isolates, and finally, the presence of blaTEM and blaPER was investigated in ES-
BL-positive isolates with polymerase chain reaction (PCR). Of the 73 A. baumannii isolates, 58 isolates 
were resistant to all tested antibiotics and most of them were isolated from the ICU wards. The phenotypic 
test showed that 56 isolates were ESBL-producing (ESBL-positive). PCR screening revealed that 69.9% 
and 25% of ESBL-positive isolates contained blaTEM and blaPER genes, respectively. The high resistance to 
most antibiotics and the high prevalence of ESBLs-producing isolates detected in the current study may be 
due to the overuse or unsuitable use of antibiotics in this region. Therefore, paying more attention is needed 
to the prescribing practices for different antibiotics. 
Keywords: Acinetobacter baumannii, beta-lactamase, antibiotic resistance, ESBL
Резюме

Acinetobacter baumannii е често срещан опортюнистичен патоген в болниците. Вътрешно-болнич-
ната лекарствена резистентност и придобитата такава са причина за висока резистентност при този 
патоген. Настоящите изследвания оценяват профила на антимикробна резистентност и идентифицират 
бета-лактамазите с разширен спектър (ESBL), продуцирани от изолатите на A. baumannii по фено-
типни и по генотипни методи. От различни отделения в болници са събрани общо седемдесет и три 
изолата на A. baumannii, чиято идентификация е потвърдена чрез стандартни фенотипни методи през 
зимата на 2021 г. Всички получени изолати от A. baumannii са проучени за антимикробна чувстви-
телност с помощта на метода на дискова дифузия на Kirby-Bauer. Освен това, комбинираният дисков 
метод е използван за идентифициране на ESBL-продуциращи изолати, както и наличието на blaTEM 
и blaPER в ESBL-положителни изолати с полимеразна верижна реакция (PCR). От 73 изолата на A. 
baumannii, 58 изолата са резистентни към всички тествани антибиотици и повечето от тях са изолирани 
от отделенията за интензивно лечение. Фенотипният тест показа, че 56 изолата са ESBL-продуциращи 
(ESBL-положителни). PCR скринингът разкрива, че 69.9% и 25% от ESBL-позитивните изолати съдър-
жат съответно blaTEM и blaPER гени. Високата резистентност към повечето антибиотици и високото 
разпространение на изолати, продуциращи ESBLs, открити в настоящото проучване, може да се дъл-
жат на прекомерната употреба или неподходящата употреба на антибиотици в този регион. Ето защо 
е необходимо да се обърне повече внимание на практиките за предписване на различни антибиотици.

Introduction
Acinetobacter baumannii is one of the most 

common bacteria in hospitals and is associated with 
hospital-acquired infections. This pathogen causes  

 
high mortality in different parts of the hospital 
throughout the world. In addition to medical cen-
ters, this pathogen also spreads in nature. A. bau-
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mannii can be isolated from a variety of sources, in-
cluding mucous membranes and skin, wounds and 
burns, respiratory, digestive, urinary tracts, intra-
vascular, and urinary catheters (Peleg et al., 2008). 
The intensive care unit (ICU) is one of the most 
common sites for A. baumannii infections (Fourni-
er et al., 2006). In recent decades, the prevalence 
of this pathogen has spread to other parts of the 
hospital and was observed in trauma patients after 
natural disasters and even in patients with common 
diseases in the community (Falagas and Karveli, 
2007). Infections caused by A. baumannii include 
urinary tract infections, wound infections, pneumo-
nia, bacteremia, and even meningitis (Eliopoulos et 
al., 2008). High resistance to antimicrobial agents 
(Multidrug-resistant and extensively drug-resis-
tant) creates challenges in drug treatment for A. 
baumannii infections (Pfeifer et al., 2010; Rezaei 
et al., 2014). Multidrug-resistant (MDR) was dis-
tinguished as resistance to at least one agent in three 
or more antimicrobial classes. Extensively drug-re-
sistant (XDR) is a type of MDR, which is resistant 
to many approved antimicrobial agents (Rezaei et 
al., 2014). The presence of mobile genetic elements 
such as insertion sequences (IS), integrons, islands 
of resistance, as well as bacterial plasmids, can lead 
to A. baumannii resistance to almost all available an-
tibacterial agents such as beta-lactamase, aminogly-
cosides, carbapenems, and fluoroquinolones. The 
transfer of these mobile elements between chromo-
somes and plasmids is possible between different 
bacteria species, which increases drug resistance 
in pathogenic bacteria like A. baumannii (Zhou et 
al., 2011; Zhu et al., 2013). Furthermore, alteration 
in membrane proteins (purine channels), mutations 
in cell functionality, and the presence of beta-lact-
amase enzymes can induce antimicrobial resistance 
in Acinetobacter spp. (Sinha et al., 2007; Goel et al., 
2013). Extended-spectrum beta-lactamase enzymes 
(ESBLs), which hydrolyze antimicrobial agents are 
one of the most common resistance mechanisms 
in A. baumannii. ESBLs-positive isolates are mu-
tant strains that show hydrolytic properties and can 
break down beta-lactam compounds. blaTEM and 
blaPER as two of the ESBL genes in A. bauman-
nii isolates can hydrolyze a wide range of these be-
ta-lactams except carbapenem antibacterial agents 
(Sechi et al., 2004; Bali et al., 2010). The main dif-
ficulty of concern with A. baumannii is the selection 
of appropriate antibiotics for treatment, chiefly in 
hospital infections (Fishbain and Peleg, 2010). Giv-
en the high prevalence of ESBL-producing A. bau-
mannii and its drug resistance in hospital infections, 

so far, no study has been reported on the prevalence 
of this bacterium in Ilam hospitals. in this article, we 
report the first characterization of ESBL-producing 
A. baumannii isolates and antibiotic resistance pat-
terns from clinical samples in Ilam, Iran.
Materials and Methods
Laboratory methods of bacteria isolation

The samples were isolated using sterile swabs 
which used moistened with sterile trypticase soy 
broth (TSB) (Merck Millipore, Ireland) from differ-
ent parts of the Imam Khomeini hospital, Ilam, Iran 
(ICU, pulmonary, neurology, pediatrics, emergency, 
infectious, internal, and cardiovascular wards) dur-
ing winter 2021, and cultured on Mac Conkey and 
Blood Agar plates under aseptic conditions. Bac-
terial culture plates were placed at 37°C for 24-48 
h under aerobic conditions. Preliminary identifica-
tion of A. baumannii was performed by observing 
the bacteria’s morphology through Gram staining 
morphology and the characteristics of the colonies 
grown on the MacConkey’s agar and Blood agar 
plates. Biochemical experiments were done for the 
phenotype identification of A. baumannii isolates 
(Turton et al., 2006). 
Antibiotic Susceptibility Testing

Sensitivity to the studied antibiotics such 
as aztreonam (30 µg), piperacillin-tazobactam 
(100.0/10 µg), ceftazidime (30 µg), cefepime (30 
µg), ampicillin-sulbactam (10/10 µg), imipenem 
(10 µg), meropenem (10 µg), tobramycin (10 µg), 
ceftriaxone (30 µg), amikacin (30 µg) (MAST, 
Merseyside, United Kingdom) was done on Muel-
ler Hinton Agar plate by Kirby Bauer disc diffusion 
method. The inhibition zone size was calculated us-
ing the criteria announced by the Clinical and Lab-
oratory Standards Institute (CLSI) (Wayne, 2017). 
A. baumannii ATCC19606 was applied as quality 
control for the antibiotic susceptibility test.
Detection of ESBL-producing A. baumannii 
isolates

ESBL-producing isolates were identified by 
the Denver Developmental Screening Test (DDST). 
For this method, ceftazidime (30µg) and ceftazi-
dime+ clavulanic acid (30/10 µg) disks were used 
on the Mueller-Hinton plate and then incubated for 
24 h at 37°C. An increase of ≥5 mm zone of inhibi-
tion of ceftazidime/clavulanic acid compared to its 
zone diameter when ceftazidime is tested alone is 
considered an ESBL-producing strain.  
Detection of blaTEM, and blaPER genes 

DNA of all A. baumannii isolates was ex-
tracted using a DNA kit extraction (DENA Zist 
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Asia, Iran). Specific forward/reverse primers for 
each gene (primer sequences are listed in Table 1) 
were used for PCR amplification. PCR assay was 
performed by adding 5 μl Master Mix (Ampliqon, 
Stenhuggervej, and Odense M DENMARK), 1 μl 
DNA, 3μl nuclease-free water, and 1 μl specific 
primer to each tube (Table 1). PCR amplification 
conditions were as follows: 94°C for 5 min fol-
lowed by 35 cycles of 30-sec denaturation at 94°C, 
for 30-sec annealing at primers annealing tempera-
ture (Table 1) and 30-sec extension at 72°C with a 
final extension at 72°C for 10 min. Electrophoresis 
of the amplified PCR products was done in a 2% 
agarose gel, and then agarose gel with PCR prod-
ucts was exposed to UV irradiation.
Results

Of the total samples processed, 22 and 51 
were isolated from men and women, respectively. 
The highest and lowest number of isolates were col-
lected from the ICU (n=59) and the internal ward 
(n=2), respectively, which were female. Also, most 
of the isolated A. baumannii strains from the ICU 
wards had high resistance to all antibiotics (Table 2). 

The susceptibility of A. baumannii isolates 
to the studied antibiotics was evaluated by the Kir-
by-Bauer disk diffusion method. As reflected in Fig. 
1, drug resistance levels of aztreonam, piperacil-

lin-tazobactam, ceftazidime, cefepime, ceftriaxone, 
ampicillin-sulbactam, imipenem, meropenem, ami-
kacin, and tobramycin were 94.5%, 94.5%,94.5%, 
94.5%, 94.5%, 84.9%, 83.6%, 83.6%, 82.1%, and 
79.4% respectively. 

Out of 73 isolates, 58 isolates showed mul-
ti-drug resistance (MDR) to all antibiotics. The 
phenotypic confirmation for ESBL production 
using the combined disk test, 56 (76.7%) isolates 
were ESBL-positive. The distribution of ESBL 
producers based on gender indicates that the fre-
quency of ESBLs among females and males was 
78.4% (n=40) and 72.7% (n=16), respectively, 
which showed ESBL production was not associ-
ated with gender (p>0.005). Due to the high num-
ber of isolated samples in ICU, the highest number 
of positive ESBL samples was reported from ICU 
samples (n=46). In total, 39 (69.6%) and 14 (25%) 
isolates harbored the blaTEM and blaPER genes, 
respectively. A PCR fragment of approximately 
925 bp and 861 bp, corresponding to the expected 
products, were considered as blaPER and blaTEM 
genes, respectively (Fig. 2).
Discussion

Infection with A. baumannii is one of the 
healthcare-associated infections and has significant 
mortality. Antimicrobial resistance in this patho-

Table 1. Primer sequences used for PCR amplification

Primer name Sequence (5’ - 3’) Annealing, °C

PER F: ATGAATGTCATTATAAAAGC
R: AATTTGGGCTTAGGGCAGAA 44 °C

TEM F: ATGAGTATTCAACATTTCCGTG
R: TTACCAATGCTTAATCAGTGAG 44 °C

Table 2. Relative frequency (%) of antibiotic resistance in the A. baumannii isolates in the various hospital 
wards

Antibiotics ICU
(N=59)

Infectious
(N=3)

Neurology
(N=3)

Cardiovascular
(N=3)

Pulmonary
(N=3)

Internal
(N=2)

Aztreonam 98.3 100.0 66.6 66.6 100.0 50
Piperacillin/
Tazobactam 98.3 100.0 66.6 66.6 100.0 50

Ceftazidim 98.3 100.0 66.6 66.6 100.0 50
Cefepime 98.3 100.0 66.6 66.6 100.0 50
Ceftriaxone 98.3 100.0 66.6 66.6 100.0 50
Ampicillin/Sulbactam 86.4 66.6 100.0 100.0 66.6 50
Imipenem 86.4 66.6 66.6 66.6 100.0 50
Meropenem 86.4 66.6 66.6 66.6 100.0 50
Tobramycin 79.6 100.0 100.0 66.6 66.6 50
Amikacin 83.0 100.0 66.6 66.6 100.0 50
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gen caused serious concern about the therapy of 
A. baumannii infection in medical centers (Alsan 
and Klompas, 2010; Rezaee et al., 2016). In par-
ticular, the increase of multidrug-resistant A. bau-
mannii isolates has doubled the concern about the 
treatment of A. baumannii infections (Manchan-
da, 2010; Rezaee et al., 2014). Our result showed 
A. baumannii was detected in 98.3% of samples. 
ICU wards are one of the hospital units that have 
the highest occurrence rates of infections, and the 
outbreak of infection is higher there compared with 
the general inpatient population (Meric et al., 2005; 
Lee et al., 2011). In our study, the highest resis-
tance was observed against all tested antibiotics. 

Fallah et al. (2014) also showed the resistance of 
A. baumannii isolates to meropenem (91.7%), cef-
tazidime (95.4%), ciprofloxacin (92.6%), cefotax-
ime (100.0%), cotrimoxazole (98.1%), piperacil-
lin-tazobactam (95.4%) was high. In our previous 
study, the resistance to azteronam, ceftazidime, 
cefepime, piperacillin-tazobactam, ciprofloxacin, 
and ticarcillin antibiotics in A. baumannii strains 
was 97%, 93%, 93%, 93%, 93%, and 93%, respec-
tively which, like the present study, showed high 
resistance to the tested antibiotics (Rezaee et al., 
2014). Al-Agamy et al. revealed the high preva-
lence of drug resistance against the most effec-
tive antibiotics such as cefotaxime, cefepime, and 
ceftazidime was found in A. baumannii isolates 
(Al-Agamy et al., 2014). The results of antimicro-
bial resistance in others research are very near to 
those of the present study, which indicates high 
multiple drug resistance (MDR) A. baumannii iso-
lates increased in recent years. This can be because 
that little consideration is given at the communi-
ty level to include the global antibiotic resistance 
crises, even though many studies have shown a 
high level of resistance to antibiotics in hospital-
ized patients (Alsan and Klompas, 2010; Lee et al., 
2011). The production of beta-lactamase enzymes 
as a mechanism of resistance against beta-lactam 
antibiotics in A. baumannii has been confirmed by 
many studies (Sinha et al., 2007; Hamzeh et al., 
2012). The ESBLs play an important role in resis-
tance against third generation cephalosporins such 
as cefotaxime, ceftazidime, and cefepime (Ghaima, 
2018). In the present study, 76.7% of the A. bau-
mannii isolates demonstrated resistance to Ceftazi-

Fig. 1. a) Antibiotic resistance profile of A. baumannii. b) Double-disk synergy method for Extended-Spec-
trum Beta-Lactamases (ESBL) in A. baumannii. Extension of the edge of the inhibition zone toward the disk containing 
Clavulanate indicated synergy. CAZ/CV: Ceftazidime/Clavulanic acid.

Fig. 2. PCR amplification of blaPER and blaTEM beta 
lactamase genes among ESBL-Producing isolates. 
a) Lane 2, 4, and 5: blaPER positive isolates of gene 
detection in A. baumannii; Lane 3: negative result 
for A. baumannii, Lane 1: 100.0bp DNA ladder. 
b) Lane 2, 4, and 5: blaTEM positive results of gene 
detection in A. baumannii; Lane 3: negative result 
for A. baumannii, Lane 1: 100.0bp DNA ladder.
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dime/Clavulanic acid (ESBL-positive), due to its 
ability to inhibit β-lactamases. Also, gender was not 
significantly associated with ESBL infection in the 
current study (p>0.05), and this data correspond-
ed with data presented by Aziz et al. investigations 
(Azizi et al., 2017). Also in our data, monitoring 
of bacterial genes showed that blaTEM (69.6%) and 
blaPER (25%) genes were detected in the A. bau-
mannii isolates. We showed the producing ESBL 
isolates were resistant to all tested antimicrobial 
agents. Our results revealed blaTEM rate was close 
to the study by Ghaima, in which the frequency 
of blaTEM, blaCTX-M, and blaSHV genes in A. baumannii 
isolates were 75%, 45%, and 27.5%, respective-
ly (Ghaima, 2018). The results of a study showed 
that 43.4% of the A. bumannii isolates carried the 
blaTEM, which was lower compared to our study 
(Asadollahi et al., 2012). The production of blaPER 
in MDR A. bumannii isolates was detected in var-
ious studies such in Turkey (46%) (Vahaboglu et 
al., 1997), Iran (51%) (Farajnia et al., 2013), and 
China (77.8%) (Wang et al., 2007), which is higher 
as compared to this study. ESBL genes are usual-
ly placed on class 1 integrons and are mostly plas-
mid-mediated, thus can be easily transferred from 
one bacterium to another bacterium, and transmis-
sion of these genes between bacteria results in the 
extension of ESBL-producing isolates. This may 
in part explain why most A. bumannii strains are 
MDR, and usually do not respond to antibiotics 
used for bacterial infections (Zhu et al., 2013). 
Furthermore, long-term hospitalization of patients, 
especially in the ICU, and long-term use of antibi-
otics resulted in the creation of strains of A. buman-
nii resistant (Sechi et al., 2004). Thus, due to the 
high resistance to antibiotics and the presence of 
beta-lactamase genes in hospital pathogens in this 
region, consideration should be given to contain-
ing the cause of resistance to antibiotics by bacteria 
in communities. If this issue is not addressed lots 
of gains in modern medicine will be intertwined 
and the obligation to get universal health coverage 
by world leaders will be useless (Nji et al., 2021). 
Considering that in community settings in low- and 
middle-income countries like Iran, knowledge, and 
awareness of the correct way to use antibiotics and 
also self-use of them can play a role in increasing 
drug resistance (Nji et al., 2021). Therefore, our re-
sults should demonstrate usefulness to hold up the 
course for the fight against antibiotic resistance and 
the spread of resistant bacteria using researchers, 
public health policymakers, community pharma-
cists, and advocacy groups, among others. Based 

on our results, the prevalence rate of ESBLs was 
highest in the ICU ward among patients, this has 
negative health implications and prolonged their 
hospital stay and increased costs and could result in 
a quick spread in the hospital setting.
Conclusion

In this study, A. baumannii isolates showed 
high levels of resistance to the studied antibiotics. 
The frequency of ESBL-producing isolates may be 
due to the overuse or unsuitable use of antibiotics 
in this region. Therefore, paying more attention is 
needed to the prescribing practices for different an-
tibiotics. 
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Abstract

The present study aimed to evaluate the antimicrobial effect of edible coating with coriander and 
chitosan essential oil (1: 0.01 v/v) on the freshness of vegetarian cakes during storage. The antimicrobial 
activity of the coriander essential oil was evaluated against certain strains of Gram-positive and Gram-neg-
ative bacteria found in the food industry. The largest diameter of the inhibition zones was obtained by the 
Gram-positive bacterium Listeria monocytogenes NCTC 11994 (55.0 mm). The antimicrobial activity of 
food coatings against molds and yeasts, fecal coliforms, Salmonella species, and coagulase-positive staph-
ylococci was determined to assess the impact of the edible coating on the final product. The obtained results 
confirmed the antimicrobial effect of chitosan and coriander essential oil coating on the development of 
mold on the surface of vegetarian cakes during storage of 6 days. The influence of edible coatings on some 
physicochemical parameters (total moisture, water activity, volume, specific volume) of vegetarian cakes 
during storage and the structural and mechanical properties of the cake products (shrinkage, plasticity, and 
springiness) were analyzed. The positive effect of the coating on maintaining the freshness of vegetarian 
cakes during storage was reported, as between the third and sixth day, the products with chitosan coatings 
and a combination of chitosan and coriander essential oil showed the lowest values of water activity (aw 
0.727-0.760). Sensory evaluation of products during storage revealed the presence of a pronounced unusual 
odor in products with coriander essential oil. 
Keywords: antimicrobial effect, coriander essential oil; edible coatings; chitosan, vegetarian cake
Резюме

Настоящото изследване има за цел да оцени антимикробния ефект на ядивно покритие с 
етерично масло от кориандър и хитозан (1: 0,01 v/v) върху свежестта на вегетариански сладкиши 
по време на съхранение. Антимикробната активност на етеричното масло от кориандър е оценена 
срещу определени щамове Грам-положителни и Грам-отрицателни бактерии, открити в хранително-
вкусовата промишленост. Най-голям диаметър на инхибиращите зони е получен при Грам-
положителната бактерия Listeria monocytogenes NCTC 11994 (55.0 mm). Определена е и антимикроб-
ната активност на хранителните покрития срещу плесени и дрожди, фекални колиформи, видове 
Salmonella и коагулаза-положителни стафилококи за да се оцени въздействието на ядливото покритие 
върху крайния продукт. Получените резултати потвърждават антимикробния ефект на покритието 
от етерично масло от хитозан и кориандър върху развитието на плесен върху повърхността на 
вегетариански сладкиши по време на съхранение от 6 дни. Анализирано е влиянието на хранителните 
покрития върху някои физикохимични параметри (обща влага, активност на водата, обем, специфичен 
обем) на вегетариански сладкиши по време на съхранение и структурно-механичните свойства на 
продуктите за торта (свиване, пластичност и еластичност). Отчетено е положителното влияние на 
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Introduction
Recently, food packaging has taken an im-

portant place in the food industry. The packaging 
has many functions, the main one being to ensure 
the protection of the product against pathogenic 
microorganisms that may get on the surface of the 
product and cause spoilage or foodborne illness. 
In addition to these features, the packaging must 
be informative, and its design must be in the direc-
tion of promoting the product. Along with all these 
achievements, in recent years, the focus has been 
on increasing the shelf life by using biodegradable 
packaging. These developments in food packaging 
have led to new packaging techniques. One of the 
critical developments in this topic is edible films 
and coatings. Edible coatings are defined as a thin 
layer of protein, polysaccharide, and lipid origin 
formed between food components or on the surface 
of the food to prevent loss of quality and deterio-
ration, extend shelf life, and protect the microbial 
purity and sensory properties of the product. They 
are packaging materials that have attracted atten-
tion in recent years, as they do not require complex 
technology. They are cheap, derived from natural 
compounds, and diverse in their functional proper-
ties and biodegradability (Campos et al., 2011; Ma-
rangoni et al., 2011; Galus and Kadzinska, 2015; 
Hassanen et al., 2015; Misharina, 2016; Silva and 
Domingues, 2017; Kostova et al., 2020; Gandova 
et al., 2021)

The search for affordable technologically 
adapted alternative solutions for packaging and 
protection of aging products has been the subject 
of several studies. The packaging protects the cake 
products from the release of moisture through its 
composition and properties, which preserves its 
freshness but slows down the development of path-
ogenic microflora. For the quality of cakes, they 
must retain their textural characteristics, mainly 
due to residual moisture, without provoking the 
growth of microorganisms (Campos et al., 2011).

To a large extent, the use of packaging tech-
nological solutions with biodegradable packaging, 
edible food coatings, and a modified atmosphere 
are methods that preserve the freshness of pasta and 
their microbial purity (Campos et al., 2011; Galus 
and Kadzinska, 2015). When creating alternative 
explanations for the composition and technology of  

 
a food coating, it should be considered, and how 
easily feasible it should be. Polysaccharides (starch, 
cellulose, wax, chitosan, fructans, pectin) and oth-
ers find their prominent place in the composition of 
the coatings (Galus and Kadzinska, 2015).

The use of natural and synthetic polysaccha-
rides is associated with their water-binding capac-
ity. This property makes them a standard compo-
nent of food coatings used to extend the shelf life of 
foods, forming a stable colloidal gel. In this colloi-
dal system, the water dipoles are in a bound state, 
which determines the retention levels in the diffu-
sion release of moisture from the product’s interior.

The inclusion of essential oils in the compo-
sition of polysaccharide coatings affects the forma-
tion of the layered structure of the coating, which 
manifests its functional properties (Campos et al., 
2011; Galus and Kadzinska, 2015; Hassanen et al., 
2015; Kostova et al., 2020; Gandova et al., 2021). 
In the composition of essential oils involved, oxy-
gen components have been reported to have intense 
antimicrobial activity against various microorgan-
isms (Campos et al., 2011; Galus and Kadzinska, 
2015; Hassanen et al., 2015). It exhibits an anti-
oxidant effect (Bonilla et al., 2012; Alikhani-Kou-
paei et al., 2014; Botosoa et al., 2015; Biswas et 
al., 2018) due to the oxygen components contained 
in its composition. Emulsifiers can be used on coat-
ings, which increases the solubility and binding 
potential of the coating and can improve the prepa-
ration of a coating with specific physical and chem-
ical properties. The surfactants have pronounced 
antimicrobial properties and influence confection-
ery’s physicochemical and sensory characteristics 
(Silva and Domingues, 2017). It has been found 
that essential oils, including coriander, which have 
a compatible flavor with certain foods, such as 
meat, fish products, or vegetables, can be used in 
chitosan film-forming coatings for edible chitosan 
coatings (Bonilla et al., 2012; Alikhani-Koupaei, 
2014; Hosseini et al., 2016; Olicón-Hernández 
et al., 2017; Biswas et al., 2018; Kargozari et al., 
2018; Khezerloua et al., 2019; Kouhi et al., 2020; 
Carpena et al., 2021).

The industrial production of coriander essen-
tial oil in Bulgaria allows its use in the composition 
of polysaccharide coatings. The linalool in its com-

покритието върху запазването на свежестта на вегетарианските сладкиши по време на съхранение, 
като между третия и шестия ден продуктите с покрития от хитозан и комбинация от хитозан и 
етерично масло от кориандър показват най-ниски стойности на активност на водата (aw 0,727 - 
0,760). Сензорната оценка на продуктите по време на съхранение разкри наличието на изразена 
необичайна миризма в продукти с етерично масло от кориандър.
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position determines the aromatic profile close to the 
floral ones. The fruits of coriander and its essential 
oil are used to flavor various foods - meat dishes 
and canned food, sausages, bakery and confection-
ery, cheese, dairy products, candies, chewing gum, 
etc. (Misharina, 2016).

People’s growing interest in vegetarian foods 
worldwide is growing, as a large part of the pop-
ulation has ethical or nutritional requirements for 
consuming foods obtained without the participation 
of animal products. The creation of technological 
solutions aimed at the circular economy, reducing 
the carbon footprint, and expanding the application 
of coriander essential oil in the food industry are 
relevant in creating adapted packaging solutions. 
These consumers’ needs determined the increased 
interest of researchers in applying sustainable rec-
ipes and technologies related to creating foods that 
meet consumer demand. 

The present study aimed to determine the an-
timicrobial effect of coriander essential oil (Cori-
andrum sativum L.) included in the edible coating 
on the surface of vegetarian cakes. The influence of 
the edible coatings on the freshness of the products 
during the storage process, the development of the 
microflora, and the change of their textural indica-
tors were assessed.
Materials and Methods
Essential oil and chemical composition 

The essential oil is provided by a company 
and manufacturer from Central Bulgaria. It is an 
easy mobile liquid, with a pale-yellow color and a 
characteristic odor of linalool (ISO 3516). The main 
compounds of the coriander essential oil (above 
2%) are: β-linalool (46.98%), α-pinene (8.59%), 
camphor (8.05%), γ-terpinene (7.09%), geranyl 
acetate (5.63%), limonene (5.25%), p-cymene 
(3.78%), camphene (2.48%), and nerol (2.41%) 
(Kostova et al., 2020). 
Antimicrobial activity of coriander essential oil

Antibacterial activity was tested against 
Gram-positive bacteria – Listeria monocytogenes 
NCTC 11994, Staphylococcus aureus ATCC 
25093, Bacillus subtilis ATCC 6633, Bacillus cere-
us; and Gram-negative bacteria – Escherichia coli 
ATCC 8739, Salmonella enterica subsp. Enterica 
serovar Abony NCTC 6017, Pseudomonas aerug-
inosa ATCC 6027, and Proteus vulgaris ATCC 
6380. Test microorganism strains were supplied by 
the National Bank for Industrial Microorganisms 
and Cell Cultures, Sofia, Bulgaria, with the excep-
tion of B. cereus (clinical isolate).

The selective growth media were: Listeria 
Oxford Agar Base with an additive containing 
cicloheximide (Biolife); ENDO agar (Merck); 
LEIFSON Agar (Merck); Baird Parker Agar Base 
(Biolife) with Egg Yolk Tellurite emulsion supple-
ment (Merck) and Рlate Сount Аgar (Merck), re-
spectively. The media were inoculated with a 24-h 
suspension of the bacterial species. Melted and 
cooled to 45°C selective media were inoculated 
with the tested microorganisms and next equally 
dispensed into Petry dishes. After setting the me-
dia, sterile rings (Ø 6 mm) were placed on, and 0.15 
mL of the sample was put into the rings. As a nega-
tive control, a 0.15 μL solution consisting of phos-
phate-buffered saline (PBS, Sigma, São Paulo, Bra-
zil) with 0.5% (v/v) Polysorbate 80 (Tween® 80) 
was used. Petry dishes were incubated at 37°C for 
24 h or 48 h according to the bacterial species, and 
then the distinct zone of growth inhibition around 
the rings was measured. The used inoculums have 
resulted in actual concentration cells of – L. mono-
cytogenes, S. aureus, E. coli, S. enterica into the 
responding selective medium about 1 × 104 CFU/
mL. The total plate count was estimated by the con-
ventional plate counting technique using appropri-
ate dilution.
Cake preparation

The vegetarian cakes are prepared accord-
ing to a traditional recipe by applying single-phase 
breaking of the ingredients with a mixer, complying 
with all the requirements of good manufacturing 
and hygienic practices. The amount of ingredients 
used in the recipe is presented based on wheat flour, 
as follows: wheat flour type 500 (100%), mixed 
with cocoa powder (20.83%), and baking powder 
(4.16%) are sifted through a kitchen sieve. Sun-
flower oil (50.00%), crystal sugar (75.00%), salt 
(1.25%), and drinking water (112.50%) are placed 
in the confectionery kitchen vessel. The mixture 
was stirred with a mixer (Philips Daily Collection 
HR3705/10) for 5-6 min to obtain a smooth and ho-
mogeneous mass. The resulting cake batter was dis-
tributed in metal baking tins, pre-greased with sun-
flower oil, and sprinkled with wheat flour, in which 
the cake batter occupied 2/3 of the total volume of 
the metal baking trays. The cake dough was baked 
for 25 min at 175°C in an electric baking oven.
Preparation of edible coatings

Two coating samples were prepared: in the 
first coating, chitosan (1% by weight of water) was 
hydrated for 12 h in water at 25 ± 2°C, then stirred 
for four h using a magnetic stirrer. The second coat-
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ing sample was obtained as the coriander essential 
oil (0.01% by weight of water) was added to the 
prepared chitosan solution described above. Both 
coating samples were applied using a spray method 
to the cake surface after pre-cooling for 4-5 h.
Physico-chemical characteristics of the cakes

The determination of the physical parameters 
of the samples (control sample, the chitosan-coat-
ed sample, and the sample coated with chitosan 
and coriander essential oil) was made 12 h after 
the coatings were applied (Ojagh et al., 2010). The 
total moisture of the samples was determined af-
ter drying the sample at 105°С until the constant 
weight according to standard method AACC 44-
15.02 (AACC, 1999). The water activity (aw) of the 
obtained cake samples was measured at a constant 
temperature of 25°C with a Novasina AG Neu-
heimstrasse 12 CH-8853 Lachen, Switzerland. The 
volume was determined by the small uniform seed 
displacement method AACC 10-05 2000 (AACC, 
2000). The specific volume was expressed as the 
ratio between the vegetarian cake volume to its 
weight. The indices of the structural and mechani-
cal properties of the cake crumb such as shrinkage, 
plasticity, and springiness were determined with an 
automatic penetrometer (model DSD VEB Fein-
mess, Dresden, Germany).
Sensory characteristics of the cakes

The descriptive test for quantitative sensory 
profiling was used to establish the cakes’ sensory 
characteristics (shape, color, cell size and uniform-
ity, odor, sweetness, aftertaste, and crumb tender-
ness), according to the method of ISO 8586. Twelve 
experienced panelists were selected to guarantee 
the evaluation accuracy. The intensity of each sen-
sory characteristic was recorded on a ten-point lin-
ear scale after one-hour orientation sessions with 
the panelists, where they specified terminology and 
anchor points on the scale. The coded samples were 
shown simultaneously and evaluated in random or-
der among panelists.
Microbiological analyses of the cakes

Antibacterial activity was tested against the 
test cultures described above. The microbiological 
analyses were carried out according to the Bulgar-
ian State Standard (BSS EN ISO 4833). Analyses 
for total plate count (TPC) (AACC, 2020), molds 
and yeasts (BSS ISO 21527-1,2), fecal coliforms 
(ISO 4831), Salmonella species (BSS EN ISO 
6579), and coagulase-positive staphylococci (BSS 
EN ISO 6888, 2000) were also conducted. Total 
plate count (TPC) in 1 g of cake sample; the total 

number of molds and yeasts in 1 g of cake sample; 
coliforms in 1 g of cake sample; Salmonella spp. in 
25 g of cake sample and coagulase-positive staphy-
lococci in 1 g of product were determined.
Storage

The samples obtained were stored for six days 
from the day of their production at room temper-
ature (25±1°C) in polystyrene closures packed at 
one level. The paper aimed to simulate the produc-
tion conditions under which the respective products 
are produced.
Statistical analyses

Depending on the type of the studied char-
acteristic 3 to 12 repetitions of each measurement 
were done. A method with a level of statistical sig-
nificance of p< 0.05 was used for the valuation of 
the results.
Results

The antimicrobial activity of the coriander 
essential oil against the studied pathogenic bacte-
ria is presented in Table 1. The data showed that 
the largest diameter of the inhibition zones was 
obtained by the Gram-positive bacterium L. mono-
cytogenes NCTC 11994 (55.0 mm). The diame-
ter of the inhibition zones of E. coli ATCC 8739 
was smaller compared to the results obtained for 
Gram-positive bacteria B. subtilis ATCC 6633 and 
S. aureus ATCC 25093. Coriander essential oil did 
not affect the other test cultures. The differences in 
the inhibition zones of different test cultures could 
be explained by the differences in the permeability 
of their cell walls.

Changes in moisture during the storage pro-
cess of cake products form the leading indicators of 
their quality. Its loss is accompanied by an increase 
in the product’s hardness and lowers its consumer 
quality. The most pronounced moisture losses from 
the product were reported in the control sample be-
tween the third and sixth day of storage (Fig. 1).

The changes in the moisture content, water 
activity, and structural and mechanical indicators 
during the storage process have been studied. The 
obtained results were compared with that of the 
control sample. Based on the studied indicators, the 
freshness of the cakes was determined, which was 
related to the shelf life of the final product. 

The physical parameters of the obtained veg-
etarian cakes are presented in Table 2.

The photographic images on the sixth day of 
vegetarian cake and product storage are presented 
in Fig. 2.
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In this study, the storage (within six days after 
the production) of vegetarian cake samples with ed-
ible coatings was considered for microbial analyses. 
The microbiological characteristics of the vegetar-
ian cakes during storage are presented in Table 3. 
No pathogenic bacteria such as coagulase-positive 

staphylococci in 1 g of Salmonella spp. in 25 g and 
fecal coliforms in 1 g, respectively, were detected. 
Up to the 6th day of storage at room temperature 
(25±2°C), no evidence of mold was detected on the 
samples. 

The sensory evaluation of cakes during six-
day storage clearly showed the presence of a pro-
nounced unusual odor in products with coriander 
essential oil. At the same time, panelists reported 
higher levels of product’ softness on the sixth day 
of vegetarian cake storage (Fig. 3).
Discussion

The biological activity of essential oils de-
pends on the groups of compounds contained in 
them, arranged in the following sequence: phe-
nols>alcohols>aldehydes>ketones>esters>hy-
drocarbons (Gabrielli et al., 1988). The coriander 
essential oil contained various oxygen-containing 
components: alcohols (77.79%), ketones (12.44%), 
esters (9.05%), and oxides (0.47%). The main ox-
ygen-containing compounds were the monoterpene 
alcohol linalool (46.98%), followed by the mono-
terpene ketone camphor (8.05%), and the mono-
terpene ester geranyl acetate (5.63%) (Gandova et 
al., 2021). The data showed that the alcohol content 
was the highest due to antibacterial activity. The 
differences in the inhibition zones of test cultures in 
the present study and that of Kostova et al. (2020), 
who analyzed the same essential oil, could be due 
to the applied analysis method (Table 1), respec-
tively paper with the dripping of the essential oil 
and with metal rings in which the essential oil is 
placed. Differences in the antimicrobial activity of 
the coriander essential oil in this study and those 
reported in the literature could be explained by the 
differences obtained in the chemical composition 
of the oil, which depends on climatic and soil con-
ditions. 

Despite the obtained values for antimicrobi-

Fig. 1. Moisture changes in vegetarian cake products with food coatings during storage

Table 1. Zones of inhibition of the growth of path-
ogenic bacteria of coriander essential oil

Test-microorganisms Diameter of zones  
of inhibition, mm

E. coli ATCC 8739 26.0 ± 0.25

S. entericа NCTC 6017 -*

P. aeruginosa 
ATCC 6027 -

P. vulgaris ATCC 6380 -* -*

S. аureus ATCC 25093 23.0 ± 0.20

B. subtilis ATCC 6633 36.0 ± 0.35

B. cereus 
(clinical isolate) *- *

L. monocytogenes 
NCTC 11994 55.0 ± 0.52

* no inhibitory activity was detected
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Table 2. Physical characteristics of a vegetarian cake with an edible coating (the values are mean ± SD  
(p ≤ 0.05).)
Physical  
characteristics

Storage time, days
First Third Sixth

Control
sample

Chitosan Chitosan 
with 

coriander 
essential 

oil

Control
sample 

Chitosan Chitosan 
with 

coriander 
essential 

oil 

Control 
sample

Chitosan Chitosan 
with 

coriander 
essential 

oil
Water  
activity

0.894 
±0.031

0.895 
±0.022

0.896 
±0.011

0.869 
±0.076

0.840 
±0.012

0.835 
±0.051

0.852 
±0.020

0.727 
±0.022

0.760 
±0.043

Volume, cm3 155.67 
±1.53

157.67 
±1.53

155.00 
±2.00

149.00 
±2.00

155.00 
±1.00

155.00 
±3.00

138.33 
±3.06

149.67 
±3.06

151.00 
±6.00

Specific  
volume, cm3/g

3.57 
±0.01

3.54 
±0.02

3.53 
±0.03

3.39 
±0.05

3.53 
±0.02

3.59 
±0.06

3.37 
±0.27

3.39 
±0.18

3.26 
±0.22

Shrinkage, 
[PU]1

127.00 
±2.00

134.33 
±4.04

144.00 
±2.65

115.00 
±3.61

121.67 
±3.79

138.67 
±4.73

98.67 
±0.16

124.67 
±3.21

131.67 
±3.06

Springiness, 
[PU]2

49.00 
±2.65

44.33 
±0.58

47.00 
±2.00

22.67 
±2.08

29.00 
±1.00

42.33 
±1.53

20.67 
±1.53

31.33 
±153

46.00 
±1.00

Fig. 3. Sensory characteristics of vegetarian cakes with food coatings in the process of storage

Fig. 2. Images of vegetarian cakes with edible coatings on the sixth day of storage
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al activity, essential oils were rarely used in pure 
form and concentration, which can change their ac-
tion. In food technology, they were used in various 
concentrations, determined by their aromatic, taste, 
and even toxic effects (Campos et al., 2011; Galus 
and Kadzinska, 2015; Kostova et al., 2020). Under 
these conditions, the impact of coriander essential 
oil in the composition of edible coating using 1% 
of the amount of the aqueous phase in combination 
with polysaccharide - chitosan was evaluated. 

Determining the moisture content in the com-
position of cake products was an essential element 
for assessing their quality during storage (Gomez 
et al., 2007; Botosoa et al., 2015; Marudova et al., 
2020). The ratio of water in the food system and its 
associated form affected aging, outlining the mois-
ture transfer processes from the inner to the outer 
layers of the product (Botosoa et al., 2015; Biswas 
et al., 2018). 

The change in the moisture of vegetari-
an control cakes (Fig. 1.) followed a downward 
trend, which was about 2.17% between the first 
and third day. In the samples treated with chitosan 
edible coating, the total moisture of the products 
decreased significantly between the first and third 
day of storage (about 1.35%). The moisture reduc-
tion rate was two times higher (0.62%) between the 
third and sixth days. The lowest values of moisture 

release were reported for vegetarian cake products 
treated with an edible coating of chitosan and cori-
ander essential oil. Moisture losses during the first 
three days of storage averaged about 0.69%, main-
taining the rate of moisture release during the sec-
ond stage of storage (0.63%). Moisture loss in the 
sample coated with chitosan and coriander essential 
oil for the entire storage period was about 1.32%. 

Moisture losses changed the phase distri-
bution in the inner layers of the product (Fig. 2), 
which was also manifested in the volume character-
istics of the samples (Gomez et al., 2007; Marudo-
va et al., 2020). The images showed the destruction 
of the cake product’s core.

In the samples with food coating of chitosan 
and coriander essential oil, the volume of the prod-
ucts decreases by an average of 8%. In contrast, the 
volume was reduced by about 20% in the control 
sample. In the chitosan-coated sample, the volume 
decreased by about 12% on average without the 
participation of chitosan essential oil. The chang-
es in the values of moisture and water activity of 
the studied samples outlined the changes following 
the changes in the textural indicators of the cakes. 
Increasing the hardness of the products is direct-
ly related to the processes of moisture release. The 
values of the individual textural characteristics con-
firmed the protective effect of the edible coating 

Table 3. Microbiological characteristics of the vegetarian cake samples with edible coatings during sixth-
day storage

Microbiological parameters Storage time, [day]
Edible coating

Control sample Chitosan Chitosan with coriander 
essential oil

Total plate count, [CFU/g]
1 -* - -
3 - -
6 1.2 x 103 - -

Molds and yeasts, [CFU/g]
1 - - -
3 - - -
6 3.1 x 102 - -

Coliforms, [CFU/g]
1 - - -
3 - - -
6 - - -

Salmonella spp. in 25 g
1 - - -
3 - - -
6 - - -

Coagula sepositive  
staphylococci, [CFU/g]

1 - - -
3 - - -
6 - - -

CFU/g - Colony forming Units per gram
*- = Not detected
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with chitosan and essential oil, taking into account 
that the shrinkage between the first and sixth day 
of storage decreases by only 8% in the sample with 
chitosan coating the reduction was about 10%. 

The data showed that six-day storage of veg-
etarian cake coated with chitosan and coriander 
essential oil led to increased values of moisture 
content (22.65%), which confirmed the better struc-
tural and mechanical parameters - shrinkage (6.00 
PU) and elasticity (46.00 ± 1.00 PU) at the end of 
storage. 

The mentioned physical changes in the cake 
products were directly related to the participation 
of the food coatings. The presence of essential oils 
in the composition of food coatings had a beneficial 
effect on suppressing diffusion processes by creat-
ing additional lipid layers that prevented the rapid 
release of moisture on the surface of the dough’s 
semi-finished product (Gomez et al., 2007; Botosoa 
et al., 2015). It represents protection for some vol-
atile components that form the aromatic and senso-
rial potential of the products.

The transfer of moisture from the inner to 
the outer layers of the product increases the water 
activity on the surface, which is a prerequisite for 
mold development (Table 3). The presence of pol-
ysaccharide coating creates conditions for absorp-
tion of the released moisture, which is not a favora-
ble environment for the growth of microorganisms. 
The absence of microorganisms during the storage 
of cakes with edible coatings could be explained by 
both the antimicrobial activity of chitosan (Kouhi 
et al., 2020; Carpena et al., 2021) and coriander es-
sential oil (Galus and Kadzinska, 2015; Hassanen 
et al., 2015; Misharina, 2016).

Studies have shown that the combination of 
chitosan and coriander essential oil is very suita-
ble for application in edible films for food products 
with short shelf life while retaining their nutritional 
and taste properties (Biswas et al., 2018; Kargozari 
et al., 2018; Carpena et al., 2021).

The good sensory characteristics of the cakes 
with chitosan and coriander essential oil could be 
due to the characteristic smell, the pleasant and spe-
cific aroma of the oil (Campos et al., 2011; Hassanen 
et al., 2015), which is used in various food products 
(Campos et al., 2011; Misharina, 2016; Gandova et 
al., 2021). The sensory analysis clearly showed an 
odor that needs to be adapted to the typical senso-
rial characteristics of cakes. In terms of taste, the 
values for coated products are higher, justified by 
the higher values of moisture in the development 
and the preservation of some aromatic characteris-

tics. Higher values of moisture in the product were 
decisive in the taste and sensory characteristics of 
foods that contain higher amounts of fat, as is the 
case with vegetarian cakes in the present study.
Conclusions

The present study provided scientific data for 
the possibility of using coriander essential oil in 
combination with polysaccharide (chitosan) in the 
composition of edible coatings for the production 
of vegetarian cakes. The analysis of the structur-
al-mechanical indicators confirmed the influence of 
the edible coating on the shrinkage of the samples 
during storage. The positive effect on preserving 
the freshness of the cakes during storage was re-
ported. The products with chitosan coatings and a 
combination of chitosan and coriander essential oil 
showed the lowest water activity values (aw 0.727- 
0.760) between the third and sixth days. The con-
trol sample recorded the most significant changes 
in the values of the studied indicators - compress-
ibility and elasticity during storage. According to 
the obtained values, the edible coatings could be 
revealed as a barrier to moisture loss and maintain 
the products’ softness during storage. In this way, 
the influence of edible coatings on the aging pro-
cesses of the food environment related to moisture 
loss can be established.
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Abstract

Milk and milk products are very well known sources of lactobacilli. The aim of this study was to iso-
late and identify Lactobacillus delbrueckii strains from milk samples by using biochemical and molecular 
PCR method, and to evaluate their antibacterial effect against pathogenic bacteria. A total of 50 samples 
of cow’s and sheep’s milk were collected from local suppliers in Tabriz region, from which 124 different 
colonies were isolated. To identify the lactobacillus genus and L. delbrueckii species, morphological and 
biochemical and molecular methods were applied. For antimicrobial activity of the isolates, the disc diffu-
sion assay was used. Of 124 different colonies, 21 isolates were identified as lactobacillus strains. Based on 
a biochemical method, 3 strains were reported as L. delbrueckii, 7 strains as L. plantarum, 5 strains were 
L. casei, 3 strains L. acidophilus, and 3 strains were identified as L. rhamnosus. A molecular method based 
on amplification of the 16S rRNA gene confirmed the presence of 3 strains of L. delbrueckii. According 
to studies conducted by other researchers, the presence of Lactobacillus delbrueckii subsp. bulgaricus in 
milk samples is very limited, but in the present study the presence of this microorganism was confirmed 
by biochemical and PCR molecular methods on cow’s and sheep’s milk. These isolates had antimicrobial 
activity against Salmonella typhi ATCC 19430 and Escherchia coli ATCC 25922, and no activity against 
Staphylococcus aureus ATCC 25923. Based on these results, Lactobacillus delbrueckii subsp. bulgaricus 
strains have the potential to be used as probiotic bacteria and as food supplements.
Keywords: Lactobacillus delbrueckii, milk, Polymerase Chain Reaction, antimicrobial activity
Резюме

Млякото и млечните продукти са много добре известни източници на лактобацили. Целта на 
това изследване е да се изолират и идентифицират щамове на Lactobacillus delbrueckii от проби 
от мляко чрез използване на биохимични методи и молекулярен PCR метод и да се оцени техният 
антибактериален ефект срещу патогенни бактерии. Събрани са общо 50 проби от краве и овче мляко 
от местни доставчици в района на Табриз, изолирани са 124 различни колонии. За идентифицира-
не на вида Lactobacillus и L. delbrueckii са приложени морфологични, биохимични и молекулярни 
методи. За антимикробната активност на изолатите е използван дисков дифузионен анализ. От 124 
различни колонии, 21 изолата са идентифицирани като Lactobacillus. Въз основа на биохимичен 
метод 3 щама са определени като L. delbrueckii, 7 щама като L. plantarum, 5 щама са L. casei, 3 щама 
са L. acidophilus и 3 щама са идентифицирани като L. rhamnosus. Молекулярен метод, базиран на 
амплификация на гена 16S rRNA, потвърди наличието на 3 щама на L. delbrueckii. Според проуч-
вания, проведени от други изследователи, наличието на L. delbrueckii subsp. bulgaricus в проби от 
мляко е много ограничено, но в настоящото изследване присъствието на този микроорганизъм е 
потвърдено чрез биохимични и PCR молекулярни методи при краве и овче мляко. Тези изолати имат 
антимикробна активност срещу Salmonella typhi ATCC 19430 и Escherchia coli ATCC 25922 и нямат 
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Introduction
Lactic acid bacteria (LAB) are a heterogeneous 

group of gram-positive bacteria which are classified 
based on a series of morphological, metabolic and 
physiological features (Zhang and Vadlani, 2015; 
Dahroud et al., 2016). They are non-sporulating 
bacteria, catalase negative, which do not have the 
ability to produce pigment, and known as GRAS 
(Generally Recognized As Safe) organisms (De An-
gelis and Gobbetti, 2016). Other features of these 
bacteria are that they are found in the digestive tract, 
especially the colon. They play an important role in 
maintaining a healthy balance of gut flora and are 
also responsible for reducing intestinal digestive 
tract infections (Viramontes-Hörner et al., 2015). 
From the health point of view, adequate intake of 
Lactobacillus has several physiological effects on 
the digestive system and also increases resistance 
against intestinal infections (Hoque et al., 2010).

Production of probiotic products is undoubt-
edly one of the most important applications of LAB. 
Poly-lactic acids, fermented foods, additives, fer-
mented beverages, exopolysaccharides, bacterioc-
in, lactic acid bacteria, extraction of valuable mate-
rials, and enhancement of the quality and shelf life 
of food are part of the applications of LAB. There-
fore, LAB microorganisms play a crucial role in the 
pharmaceutical and food industries (Pollmann and 
Bandyk, 1984; Hoque et al., 2010).

Lactobacilli are an important part of intestinal 
microflora. These bacteria can have an important 
role in human gut hemostasis (Hashemi, 2016). At 
the same time, Lactobacillus delbrueckii subspe-
cies bulgaricus is a strain of lactic acid bacteria, 
which is well known for its important application 
in the food industry. In terms of morphology, it is 
rod-shaped, non-motile, with rounded ends, and in 
comparison with its other family members observed 
under the microscope thinner and longer. The opti-
mum growth temperature was 45ºC, minimum and 
maximum growth temperatures were recorded as 
22ºC and 55ºC, respectively. L. delbrueckii subsp. 
bulgaricus is homofermentative, lacking of color, 
and is facultative anaerobic organism. It is not able 
to consume arginine, having Beta-galactosidase en-
zyme, and among different sugars, these are able 
to ferment lactose. L. delbrueckii are considered 
thermophilic bacteria, and their importance is due 
to their special potencies to be used in the food  
industry, especially in the production of fermented  

 
dairy products such as yogurt (Teixeira, 2014). The 
objective of this research was to identify and isolate 
L. delbrueckii subsp. bulgaricus from cow’s and 
sheep’s milk samples using the biochemical and 
molecular polymerase chain reaction (PCR) meth-
od, and to assess the antimicrobial activity of the 
isolates.
Material and Methods
Sample collection

Fifty milk samples from different cows and 
sheep were collected in sterile containers at the 
sheds and were transported to the laboratory as ear-
liest as possible in temperature-controlled boxes. 
Further analyses of the samples were carried out at 
the laboratory.
Isolation and Identification of the isolates

One milliliter of each milk sample was serial-
ly diluted in 9 ml of 0.1% pepton water. Then 100 
µL of each dilution was spread on MRS agar and 
the plates were incubated at 38°C for 48 h under 
anaerobic condition (Hugas et al., 1993). For fur-
ther purification, isolated colonies were streaked. 
The colonies grown on the plate were used for the 
subsequent tests and further analysis.

To identify the primary colonies, Gram stain-
ing and catalase test were used. The colonies of 
gram-positive and catalase -negative were selected 
for carbohydrate fermentation test (Strahinic et al., 
2007). These selected colonies were preserved in 
MRS-Broth with 15% glycerol at -70°C.
Biochemical characterization

The fermentation of carbohydrates (trehalose, 
raffinose, lactose, galactose, maltose, rhamnose, 
xylose, mannose, salicin, sucrose, mannitol and 
cellobiose) was performed by using the methods 
outlined in Bergey’s Manual of Systematic Bacte-
riology (1987) to identify all isolated strains (Hol-
zapfel and Wood, 2012). Also, identification of the 
bacterial isolates up to the species level was carried 
out with the help of the method described by Stra-
hinic et al. (2007).
Molecular identification of L. delbrueckii 

DNA extraction was performed by tissue 
buffer according to previously described methods 
(Kafil and Mobarez, 2015; Jabbari et al., 2017). Tis-
sue buffer compounds comprised sodium dodecyl 
sulfate and NaOH. Twenty ml of tissue buffer was 

активност срещу Staphylococcus aureus ATCC 25923. Въз основа на тези резултати, L. delbrueckii 
subsp. bulgaricus имат потенциал да се използват като пробиотични бактерии и като хранителни 
добавки.
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placed in an eppendorf and some bacterial colonies 
were added to the tissue buffer solution, then the 
eppendorf was placed at 95°C on a hotplate for 10 
min. Finally, this solution was centrifuged for 1 min 
at 12000 rpm and 180 ml of deionized water was 
added to it. 16S rRNA gene specific fragment prim-
ers for L. delbrueckii were prepared in Sinaclone 
Company (Sinaclon, Tehran, Iran) (Jabbari et al., 
2017). L. delbrueckii nucleotide sequence specific 
primers are shown in Table 1.

The PCR program started with an initial de-
naturation at 94°C for 3 min, followed by 35 cycles 
of 94°C for 30 s, 59°C for 20 s and extension step 
72°C for 30 s and final extension step was adjusted 
at 72°C for 5 min (Tabasco et al., 2007).
Evaluation of the antimicrobial activity of isolated 
L. delbrueckii strains

In order to study the antimicrobial activity of 
isolated strains of L. delbrueckii against pathogen-
ic bacteria such as Staphylococcus aureus ATCC 
25923, Salmonella typhi ATCC 19430 and Escheri-
chia coli ATCC 25922 were investigated. Therefore, 
diffusion assay was performed in Mueller-Hinton 
agar (Jalilpour et al., 2017; Nezhad et al., 2017).

L. delbrueckii strains isolated from native 
milks were cultured on MRS-agar, and then 
incubated in anaerobic conditions at 38°C for 48 
hours. Single colonies were transferred in MRS 
broth and incubated for 3 days at 38°C. The 
culture was centrifuged at 6 000×g at 4°C for 20 
minutes. Finally, the supernatant was sterilized 
using 0.2 µm micro-filters to remove any residual 
bacterial cells. This cell-free supernatant was used 
to evaluate antimicrobial activity. Furthermore, the 
pathogenic bacteria were cultured in tryptose soy 
broth and incubated at 37°C for 24 hours to prepare 
a turbidity equivalent to 0.5 McFarland standards, 
approximately to reach microbial population of 
about 106 CFU/ml (Kafil et al., 2016). Then, each 
pathogen was streaked on the surface of Mueller-
Hinton agar. A sterile Pasteur pipette was used to 
make wells (6 mm diameter) on the surface of the 
streaked agar.

Finally, about 100 µl of the prepared 

supernatant was placed in each well. Plates were 
incubated at 37°C for 24 hours; after this period of 
time zones of bacterial growth inhibition were mea-
sured. To increase sensitivity and accuracy, each 
test was performed in triplicate and the mean diam-
eter of the inhibition zone was recorded (Smaoui et 
al., 2010).
Results

From 50 samples, a total of 124 different col-
onies were isolated. The preliminary investigations 

included macroscopic analysis, microscopic analy-
sis (gram-positive bacilli), and the negative catalase 
reaction permitted the classification of the working 
bacterium into the Lactobacillus genus. Micro-
scopically, they were gram-positive rod shaped, 
non-motile, catalase negative and non-endospore 
producing bacteria. Finally, 21 isolates were iden-
tified as lactobacillus species. One of the identified 
L. delbrueckii subspecies under the microscope is 
shown in Fig. 1.

Fig. 1. Microscopic scheme of L. dellbrukcii sub-
sp. bulgaricus isolated from local samples. Final 
identification was based on 16sRNA properties of 
isolate.

Among the 21 strains of Lactobacillus strains 
isolated from milk, 3 strains were reported as L. 
delbrueckii, 7 strains as L. plantarum, 5 strains be-
longed to L. casei, 3 strains were L. acidophilus, 
and 3 strains were identified as L. rhamnosus. To 
identify L. delbrueckii subsp. bulgaricus more pre-
cisely, PCR method was performed in this study. 
After PCR implemented for amplification of the 
16S rRNA gene, tracking down of PCR products 

Table 1. L. delbrueckii subsp. bulgaricus allele- specific primers, which were used in this study

ReferencesAnnealing 
temp. (°C)

Target 
sequence

Product
sizeNucleotide sequencePrimer 

name

(Tabasco et al., 2007)6216S-23S 
rRNA232 bpTAT CTC TAG GTG TAG CGC AFw

(Tabasco et al., 2007)6216S-23S 
rRNA232 bpGAT GGA TGG AGA GCA GARev
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were analyzed on 1.5% agarose gel, with results 
shown in Fig. 2. All identified strains of L. del-
brueckii conducted approximately 232 bp band in 
gel electrophoresis. 

Fig. 2. Gel electrophoresis result of L. delbrueckii 
subsp. bulgaricus allele-specific amplification 
by PCR. Line 1: positive control of L. delbrueckii subsp. 
bulgaricus. Line 8 and line 10: positive and negative isolates 
of L. delbrueckii subsp. bulgaricus

By the results of gel electrophoresis, 3 strains 
were identified as L. delbrueckii. Amplified frag-
ment length by PCR was 232 bp. The first well of 
the gel was marker or the Ladder with 100bp size 
and next wells on 2 numbers well were positive 
control and examined samples were placed in the 
rest of wells. 

L. delbrueckii subsp. bulgaricus isolates iden-
tified in this study were assessed for antimicrobial 
activity of their supernatant against gram-positive 
and gram-negative pathogenic bacteria. The results 
showed that these three identified isolates had an-
timicrobial activity against S. typhi ATCC 19430 
(halo= 8±2) and E. coli ATCC 25922 (halo=11±1), 
but no activity against S. aureus ATCC 25923 
(halo=0) (Table 2).
Discussion

The results of the molecular tests revealed the 
presence of three strains belonging to L. delbruec-
kii subsp. bulgaricus, which match the research re-
sults carried out by some researchers on raw milk 
and dairy products (Auad et al., 1997). In another 
study performed by Nourouzi et al. (2008) on raw 

milk and cheese in Tehran and around Tehran, the 
isolates isolated from the products reported as L. 
plantarum, L. casei, L. acidophilus, and L. helveti-
cus, and number of L. delbrueckii subsp. bulgaricus 
were zero, and the results of molecular tests were 
compared with the results of the biochemical tests 
in this study (Nourouzi et al., 2008). L. delbruec-
kii subsp. bulgaricus is one of the best choices of 
probiotic due to its anticancer and antimicrobial 
activity. Its replacement in the microbiome can re-
duce the risk of severe infections and cancer, there-
fore its presence in food products can improve the 
quality of human health. Isolation of native isolates 
along with their characterization and application in 
the food industry is one of the best strategies for 
public health policy and food industries. We tried 
to identify this bacterium from regions with native 
milk samples and our findings showed that, how-
ever rare, it is present in milk products. Regarding 
different processes, lactobacilli count will reduce in 
final milk products. The isolated strains have the 
potential to be added in the last step of production. 
We used biochemical and molecular methods for 
confirming the isolates. Our results are consistent 
with the results of the identification of L. delbruec-
kii by biochemical and molecular methods carried 
out by Michaylova et al. (2007) in Bulgaria (Mi-
chaylova et al., 2007). In most studies, L. delbruec-
kii strains were detected by using PCR on yoghurts 
and fermented products and identification of this 
strain in raw milk is limited (Cebeci and Güra-
kan, 2008). In most studies on raw milk and iden-
tification of strains belonging to the Lactobacillus 
group, the largest number belonged to the strain of 
L. plantarum, which is due to the contamination 
of collected milks with plant remains, including 
straw and grass, or herbaceous foliage. In the above 
mentioned studies, the reported number of L. del-
brueckii in raw milk was either zero or in negligible 
quantity. In fact, the reasons to justify the limited 
presence of this strain in raw milk are its thermo-
philic properties and requirement of acidic pH to 
survive and grow.

Table 2. Antimicrobial properties of isolates based on Kerby Buar test of isolates.
Isolated probiotic
Strains 

L. d* No.1
(mm)**

L.d* No2
(mm)**

L.d.* No3
(mm)**

S. typhi ATCC 19430 8 8 10
E. coli ATCC 25922 11 10 11
S. aureus ATCC 25923 0 0 0
S. aureus clinical isolate 0 0 0
*L. d. indicates: L. delbrueckii subsp. bulgaricus **millimeter



328

All three isolates in this study had antimicro-
bial activity against S. typhi ATCC 19430 and E. 
coli ATCC 25922 and no activity against S. aureus 
ATCC 25923. Based on these results, L. delbrueck-
ii strains have the potential to be used as probiotic 
bacteria and as food supplemets. It shows their anti-
microbial products can inhibit gram-negative path-
ogens and have no effect on gram-positive patho-
gens. It may be due to high exposure to gram-pos-
itive organisms and tolerance and antibacterial ac-
tivity against gram-negative pathogens. 
Conclusion

Considering the results of the sugar fermenta-
tion test, it can be concluded that most lactobacillus 
bacteria in raw milk collected from Tabriz belonged 
to L. plantarum strain. Also, by using biochemical 
and molecular methods of PCR, it was determined 
that L. delbrueckii strains in milk samples from Ta-
briz region were present in a small number and had 
high potential to be used as probiotic bacteria and 
as foodsupplements. 
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Abstract

Uvaria chamae is a plant used traditionally in the treatment of diarrhea but sometimes prolonged 
illnesses are usually observed. This work was conducted to evaluate resistance patterns and the plasmid 
profile of isolates from diarrhoeic stool samples subjected to susceptibility testing on crude root extracts of 
U. chamae (P. Beauv). Standard techniques were employed for crude root extraction of the plant and phy-
tochemical screening. Ten test isolates of Escherichia coli and Salmonella enterica species were obtained 
from the University of Uyo Medical Centre. Confirmation of the isolates was done using conventional tests 
and MicrogenTM GN ID System (Microgen Bioproducts, USA). Susceptibility testing of the isolates was 
assessed using the agar-well diffusion technique. Plasmids were extracted using gel electrophoresis and 
reverted using acridine orange. Results showed that U. chamae has tannins, alkaloids, flavonoids, and other 
phytochemical constituents. E. coli-1, E. coli-2, E. coli-3, E. coli-5, S. enterica-1, S. enterica-2, S. enteri-
ca-4 were initially resistant to the crude ethanolic root extracts of U. chamae at various concentrations with 
a low zone of inhibition and no zone of inhibition respectively. The isolates harbored single or multiple 
plasmids of low molecular weights (564 bp) together with high molecular weight (23.13 kbp). The non-sus-
ceptibility E. coli-5, S. enterica-1, S. enterica-2, and S. enterica-3 after plasmids elimination was observed. 
Therefore, resistance profiling of bacteria is essential for the proper treatment of infections caused by them. 
Additionally, U. chamae should be greatly exploited for discoveries of more bioactive constituents. 
Keywords: Uvaria chamae, Escherichia coli, Salmonella, resistance, plasmids. 
Резюме

Uvaria chamae е растение, използвано традиционно за лечение на диария, особено при 
продължителни заболявания. Целта на това изследване е да се оценят моделите на резистентност 
и плазмидния профил на изолати от проби от диарични изпражнения, подложени на тест за 
чувствителност към сулови екстракти от корени на U. chamae (P. Beauv). Използвани са стандартни 
техники за екстракция на корен от растението и фитохимичен скрининг на десет тестови изолата 
от вида Escherichia coli и Salmonella enterica, получени от Медицинския център на Университета в 
Уйо. Потвърждение на данните за изолатите е извършено с помощта на конвенционални тестове и 
MicrogenTM GN ID System (Microgen Bioproducts, САЩ). Тестването за чувствителност на изолатите 
е оценено с помощта на техниката дифузия в агар. Плазмидите се екстрахират с помощта на гел 
електрофореза и се ревертират с помощта на акридин оранжево. Резултатите показват, че U. chamae 
има танини, алкалоиди, флавоноиди и други фитохимични съставки. E. coli-1, E. coli-2, E. coli-3, E. 
coli-5, S. enterica-1, S. enterica-2, S. enterica-4 първоначално показаха резистентност с ниска зона на 
инхибиране и без зона на инхибиране към различни концентрации на суровите етанолови екстракти 
от корени на U. chamae. Изолатите съдържат единични или множество плазмиди с ниско молекулно 
тегло (564 bp) заедно с високо молекулно тегло (23,13 kbp). Наблюдава се нечувствителност към 
E. coli-5, S. enterica-1, S. enterica-2 и S. enterica-3 след елиминиране на плазмидите. Следователно, 
профилирането на резистентността на бактериите е от съществено значение за правилното лечение 
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на инфекциите, причинени от тях. Освен това, U. chamae трябва да се използва в голяма степен за 
откриване на повече биоактивни съставки.

Introduction
In developing countries, notably in West Af-

rica, the high cost of synthetic drugs, which are not 
often affordable by the poor, unavailability of a 
drug, lack of efficacy, and increasing abuse of drugs 
including antibiotics lead to the emergence of an-
tibiotic-resistance organisms have led to the high 
patronage of alternative traditional health care sys-
tem (Udoh et al., 2018). According to Okoro et al. 
(2010), extracts from various plant parts are used in 
the production of herbal medicine which is given 
singly or as concoctions for various ailments and up 
to 80% of the population uses traditional medicine 
in primary healthcare in Africa. Many studies have 
demonstrated and confirmed that a large number of 
plants have beneficial effects to human cells as well 
possession of antimicrobial properties (Udoh et al., 
2017; Ekong et al., 2019 ). 

Uvaria chamae (P. Beauv) is one of the Nige-
rian medicinal plants used in traditional medicine to 
cure diseases and heal injuries (Udoh et al., 2019). 
U. chamae belongs to the family Annonaceae and 
is an evergreen plant that grows about 3.6 to 4.5 m 
high which is either cultivated or found naturally 
in the savannah and rainforest regions of Africa in-
cluding Nigeria (Omale et al., 2013; Olumese et al., 
2016). Every part of the plant has several local uses 
and has various effects on the living system such 
as sedative, analgesic, cardio-protective, anti-in-
flammatory, antispasmodic, and immune modula-
tors (Obi and Onuoaha 2000; Okokon et al., 2006). 
In folk medicine, extracts of the roots are used to 
treat gastroenteritis, vomiting, diarrhea, dysentery, 
wounds, inflamed gums, and a number of other 
ailments (Omajali et al., 2011; Udoh et al., 2019). 
There are reports that extracts of U. chamae can 
neutralize snake venom in rats and are also used 
in antifungal preparation (Okwuosa et al., 2012; 
Omale et al., 2013). 

However, despite the widely known medic-
inal use of U. chamae, it is pertinent to assess the 
potency of this crude root extract of this plant on 
commonly isolated clinical isolates such as Es-
cherichia coli and Salmonella enterica species 
and examine their susceptibility to the extract. 
This is because antibiotic resistance is widely ob-
served among the members of Enterobacteriace-
ae (Akujobi and Ewuru, 2010; Udoh et al., 2018). 
Moreover, according to Ejikeugwu et al. (2013), 
there are reports on the emergence of multidrug  

 
resistance microorganisms among these patho-
gens, and resistance formed by these bacteria is of 
concern. Udoh et al. (2019) reported in their work 
some bacteria that formed resistance to the antibi-
otics as well as crude extracts by the acquisition of 
plasmids. Therefore, this research study sought to 
evaluate the resistance patterns and plasmid profile 
of E. coli and S. enterica species from diarrhoeic 
stool samples subjected to susceptibility testing of 
crude root extracts of U. chamae.
Materials and Methods
Plant collection and identification 

The plant samples namely, the fresh root of 
the plant were collected from Ikono Local Govern-
ment Area of Akwa Ibom State, Nigeria. The plant 
part was identified as U. chamae (P. Beau) at the 
Department of Botany and Ecological studies Uni-
versity of Uyo, Uyo, Akwa Ibom State, Nigeria by 
a Taxonomist and was taken to the Pharmacognosy 
Laboratory University of Uyo for phytochemical 
screening and analysis. 
Source of test isolates

Ten isolates of E. coli and S. enterica species 
from diarrhoeal stool samples were collected from 
the University of Uyo Medical Centre Uyo, Akwa 
Ibom State, Nigeria. The isolates were screened 
using standard microbiological techniques. Identi-
fication was done according to Holt et al. (1994) 
and Cheesbrough (2000) and confirmed using con-
ventional tests and MicrogenTM GN ID System 
(Microgen Bioproducts, USA). The isolates were 
coded as Ec-1=E. coli-1, Ec-2 = E. coli-2, Ec-3= 
E. coli-3, Ec-4=E. coli-4, Ec-5=E. coli-5, Sal-1=S. 
enterica-1, Sal-2=S. enterica -2, Sal-3=S. enterica 
-3, Sal-4=S. enterica- 4, Sal-5=S. enterica -5 re-
spectively.  Nutrient agar (Oxoid, USA) slants were 
used to maintain pure colonies of these isolates agar 
at 40C to preserve for further analysis.
Sample preparation

The samples of U. chamae roots were pre-
pared using the method of Mukhtar and Tukur 
(2000) and Udoh et al. (2019) with slight modifi-
cations. 
Concentration of the root extracts of U. chamae

Methods of Akujobi et al. (2004) were used 
to determine the concentration of the root extracts 
of U. chamae. The reconstituted extract concentra-
tions were stored at 15oC in the refrigerator until 
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required for use.
Phytochemical screening 

Phytochemical screening tests were conduct-
ed on the respective root extracts using standard 
methods of Sofowora (2008) with sight modifica-
tions. The screening tests were used to determine 
the presence of alkaloids, saponin, tannins, flavo-
noids, cardiac glycosides, and cyanogenic glyco-
sides. 
Antibacterial assay of U. chamae extracts

The antibacterial potentials of U. chamae ex-
tracts were assayed to determine the ability of the 
U. chamae root extracts to inhibit the growth of the 
diarrheal isolates of E. coli and S. enterica using 
the method of Udoh et al. (2019). The Kirby-Bau-
er agar-well diffusion method and the guidelines 
provided by Clinical Laboratory Standard Institute 
were also adopted for susceptibility testing (Chees-
brough, 2000; CLSI, 2006). 
Plasmid profiling using agar gel electrophoresis 
analysis

Profiling of the plasmids was carried out us-
ing gel electrophoresis analysis. The techniques 
used with slight modification are as described by 
Akinjogunla and Enabulele (2010) and Udoh et al. 
(2019). A standard molecular weight marker (Hind 
111 digit) was used as a control to determine the 
molecular weight of the plasmid of each E. coli and 
S. enterica isolate. 
Plasmid curing

The curing of the plasmids of the isolates was 
carried out using a sub-inhibitory concentration of 
0.10 mg/ml of acridine orange. The techniques of 
Udoh et al. (2018) were adopted with sight modi-
fication. 
Results and Discussions

The phytochemical constituents of the crude 
ethanol and aqueous root extracts of U. chamae 
plant are presented in Table 1. 

The major components of U. chamae were 
tannins, alkaloids, flavonoids, cardiac glycoside, 
and cyanogenic glycoside as bioactive components 
in both the ethanol and aqueous crude extracts of 

U. chamae roots. This is in agreement with Udoh et 
al., (2019), which earlier reported these bioactive 
properties for U. chamae plant. These substances 
are present in varying concentrations depending 
on extract forms. These natural substances widely 
distributed in U. chamae contribute greatly to their 
beneficial health effects (Vârban et al., 2009; Mon-
on et al., 2015). Tannins substances have different 
functions such as inhibiting the synthesis of cell 
proteins in bacteria by attaching and forming com-
plexes that are irreversible with proline-rich pro-
teins in bacteria. According to Okwu and Iroabuchi 
(2004), tannins bioactive substances have been re-
ported to be responsible for the hemostatic activity 
that can arrest bleeding from damaged or injured 
vessels. Moreover, the anti-inflammatory effect of 
tannins helps to control all indications of gastri-
tis, enteritis, and irritating bowel disorder (Ogawa 
and Yazaki, 2018). Alkaloids are also found in U. 
chamae plants. Alkaloids are natural products that 
contain heterocyclic nitrogen atoms and are always 
basic.  Alkaloids present in the plant are known to 
function as an anesthetic, spasmolytic hypertensive 
effects, antiarrhythmic effects, and anti-cancer and 
anti-cholinergic agent (Iroabuchi, 2008; Burile et 
al., 2009). Flavonoids which are also found in U. 
chamae in a very high concentration, especially in 
ethanol extract are reported to function very well in 
the human system. These functions include protec-
tion against allergy, platelet aggregation, microbial 
invasion, hepatoxic, ulcers, viruses, and tumors. 
Flavonoids are reported by Pietta (2000) to act as 
an antioxidant due to their free radical scavenging 
properties and have the ability to reduce the forma-
tion of free radicals and stabilize the membrane by 
decreasing membrane fluidity. Burile et al. (2009) 
reported that flavonoids reduce the risk of estro-
gen-induced cancer by interfering with the enzymes 
that produce estrogen. Cardiac glycosides are use-
ful in heart pumping (Ekong and Udoh, 2015). 

Antimicrobial potentials of crude ethanol ex-
tracts of the root of U. chamae on the E. coli and S. 
enterica isolates are shown in Table 2 while Table 
3 shows antimicrobial potentials of crude aqueous 
root extracts of U. chamae on the isolates. 

Table 1. Phytochemical constituents of the ethanolic root and leaf extracts of U. chamae plant

Plant parts Solvents used
Phytochemical constituents screened

Tannins Saponins Flavonoids Alkaloids Cardiac 
glycosides

Cyanogenic 
glycosides

Root Ethanol +++ - ++ +++ +++ ++
Root Aqueous + - ++ ++ ++ +

Keys: + present in small concentration, ++ present in moderately high concentration, +++ present in very high concentration
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The E. coli-1, E. coli-2, E. coli-3, Ec-5=E. 
coli-5, S. enterica-1, S. enterica-2, S. enterica-4 
recorded lower ZI and NZ at various concentrations 
of the crude ethanol and aqueous extracts of U. 
chamae and standard antibiotics. The potency of 
the ethanol extracts was observed only on E. coli 
-4 with a zone of inhibition of 17.1 ±0.1mm at 200 
mg/ml. The non-susceptibility of some test isolates 
of E. coli and S. enterica observed in this study does 
not indicate that the plant lacks inhibitory potentials 
but rather, the isolates formed a resistance against 
the crude extracts and antibiotics. This corroborates 
with Bush and Fisher, (2011), who reported 
resistance among members of Enterobacteriaceae 
with particular reference to Salmonella organisms 
and E. coli. 

Plasmid profiling of E. coli and S. enterica 
species in the study is presented in Fig. 1. The 
result revealed that all test isolates except E. coli- 
4 harbored plasmids that confer them multiple 
resistances to both the ethanol and aqueous forms 
of both root extracts as well as control antibiotics 
used in the study. Some isolates harbored more than 
one plasmid. 

The molecular weights of the plasmids ranged 
from 564 bps to 23.13 kbp. The multiple bands were 
observed with E. coli-1, E. coli-2, E. coli-3, E. coli-
5, S. enterica-1, S. enterica-2, and S. enterica-4 
respectively. The acquisition of plasmids by these 
test isolates harmonizes with the observation from 
Buisan et al. (1994), who stated that this is best 
understood to be a plasmid that encodes for viru-

Table 2. Antimicrobial potentials of crude ethanolic extracts of the root of U. chamae on the E. coli and S. 
enterica isolates

Test isolates
Concentration of extracts (mg/ml)/zones of inhibitions (mm) Concentration of control drugs 

(µg)/zones of inhibitions (mm)
200 150 100 50 CHL (30) CPX (10)

E. coli1 - NZ NZ NZ NZ 12.0±0.3
E. coli-2 13.0±0.3 NZ NZ NZ NZ 11.0± 1.0
E. coli-3 9.1 ±0.1 9.1 ±0.1 9.0±0.03 NZ NZ 10.2 ±0.01
E. coli-4 17.1 ±0.1 11.3±0.1 8.2±0.4 7.06±03 10.4±0.5 30.1 ±0.1
E. coli-5 9.0± 0.13 10.1±0.24 NZ NZ 10.0±0.4 10.4 ±0.03
Sal-1 NZ NZ NZ NZ NZ NZ
Sal-2 NZ NZ NZ NZ NZ 11.3±0.6
Sal-3 14.1 ±0.12 13 .3±0.04 11.4±0.1 NZ 15±0.15 10.2±0.05
Sal-4 NZ NZ NZ NZ NZ 11.1 ±0.13
Sal-5 13.1 ±0.1 11.3±0.05 NZ NZ 13.0±0.5 12.3±0.06

Keys: NZ=No zones of inhibition CHL=Chloramphenicol CPX =Ciprofloxacin, The values are means of three measurements of the 
zones of inhibitions on the triplicate cultures at the same concentration and standard deviation (means + standard deviation)

Table 3. Antimicrobial potentials of crude aqueous root extracts of U. chamae on the E. coli and S. enterica 
isolates

Test isolates
Concentration of extracts (mg/ml)/ zones of inhibitions Concentration of control drugs (µg)/

zones of inhibitions (mm)
200 150 100 50 CHL (30) CPX (10)

E. coli-1 NZ NZ NZ NZ NZ 12.0±0.3
E. coli-2 NZ NZ NZ NZ NZ 11.0± 1.0
E. coli-3 NZ NZ NZ NZ NZ 10.2 ±0.01
E. coli-4 15.1 ±0.1 13.1 ±0.1 12.1 ±0.1 8.3 ±0.1 10.4±0.5 30.1 ±0.1
E. coli-5 9.0± 0.13 9.0± 0.13 9.0± 0.13 10.1±0.24 10.0±0.4 10.4 ±0.03
Sal-1 NZ NZ NZ NZ NZ NZ
Sal-2 NZ NZ NZ NZ NZ 11.3±0.6
Sal-3 12.1 ±0.6 13.1 ±0.1 13.1 ±0.1 12 .3 ±0.1 15±0.15 10.2±0.05
Sal-4 NZ NZ NZ NZ NZ 11.1 ±0.13
Sal-5 12.3 ±0.1 9.0 ±0.6 NZ NZ 13.0±0.5 12.3±0.06

Keys: see Table 2. 
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lence and resistance. The finding agrees with Udoh 
et al. (2018) also reported high molecular weight 
plasmids among Salmonella organisms studied. 
Udoh et al. (2019) likewise reported strains of P. 
aeruginosa and P. mirabilis with multiple plasmids 
of varied molecular weights that formed resistance 
to both the conventional drugs and crude extract of 
U. chamae. Nikaido (2009) similarly reported that 
resistance plasmids called R-plasmids are found in 
bacteria and often contain several resistance genes 
and these genes are steadily maintained in the host 
strains of bacteria stably and are transferred effi-
ciently to other neighboring drug-susceptible bac-
terial cells which later become resistant against dif-
ferent classes of antimicrobial agents. Additionally, 
the detection of resistant Salmonella strains that 
produce plasmid-mediated resistance agrees with 
reports of Rankin et al. (2002) and Pitout and Laup-
land (2008). 

Table 4 shows the antimicrobial potentials of 
ethanol crude root extracts of U. chamae on the E. 
coli and S. enterica isolates after plasmid curing 
while Table 5 presents antimicrobial potentials of 
aqueous crude root extracts of U. chamae on the E. 
coli and S. enterica isolates after plasmid curing. 
Resistance patterns of some isolates were reverted. 
E. coli-1, E. coli-2, E. coli-3, and E. coli-5 record-
ed increased ZI with increased concentration of the 
crude ethanol root extract after curing of plasmids. 
E. coli- 4 had the highest ZI of 26.1±0.1 mm at the 
200 mg/ml concentration of the ethanol extract. 
The E. coli-1, E. coli-2, E. coli-3, Sal-2, and Sal-4 
respectively similarly had increased sensitivity for 
the crude aqueous extracts with increased concen-
tration of 200 mg/ml. 

This observation corroborates the report by 
Akinnibosun and Adeola (2015), who in their work 
recorded increased zones of inhibition after plasmid 

Fig. 1. Plasmid profiling of E. coli and S. enterica in the study
Keys: MK, Molecular weight marker(Hind 111 digest); Ec-1, E. coli-1; Ec-2, E. coli-2; Ec-3, E. coli-3; Ec-4, E. coli-4; Ec-5, E. 
coli-5; Sal-1, S. enterica-1; Sal-2, S. enterica-2; Sal-3, S. enterica-3; Sal-4, S. enterica-4; Sal-5, S. enterica -5.

Table 4. Antimicrobial potentials of ethanolic crude root extracts of the of U. chamae on the E.  coli and S. 
enterica isolates after plasmid curing
Cured Test 
isolates Concentration of extracts (mg/ml)/ zones of inhibitions Concentration of control drugs (µg) / 

zones of inhibitions (mm)
200 150 100 50 CHL (30) CPX (10)

E. coli-1 22.3±0.01 16.2±0.4 12.0±0.21 NZ 20.2 ±0.2 30.2 ±0.2
E. coli-2 20.1±0.03 18.1±0.1 12±0.1 NZ 26.2 ±0.6 28.2 ±0.2
E. coli-3 17.1 ±0.4 15.0±0.12 16.4±0.21 11±0.03 18.4 ±0.02 20.2 ±0.6
E. coli-4 26.1 ±0.1 15.3 ±0.06 12.2±0.4 11.2±0.1 16 .4±0.5 31.1 ±1.02
E. coli-5 12.0± 0.13 12.1±0.2 12.0±0.6 NZ 16.0±0.4 18.4 ±0.03
Sal-1 10.4 ±0.12 10 ±0.03 NZ NZ 11. 3±0.4 24.2 ±0.2
Sal-2 18.4±0.02 16±0.3 14±0.1 NZ 11 .2±0.1 21.3±0.6
Sal-3 17.1 ±0.1 14 .3 ±0.1 11.4 ±0.1 NZ 15±0.15 20.2±0.05
Sal-4 14.2 ±0.1 13.4±0.1 11±0.1 NZ 16 .0±0.1 24.1 ±0.13
Sal-5 16.0 ±0.1 15.2±0.05 NZ NZ 10.3 ±0.3 20.0±05

Keys: see Table 2
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curing of the test isolates. However, the non-sus-
ceptibility by E. coli-5, S. enterica-1, S. enterica-2, 
and S. enterica-3 after plasmids elimination agree 
with reports recorded by Yah and Eghafona, (2009) 
and Udoh et al. (2019) reported that acriflavine has 
the ability to remove the plasmids that are found 
between the DNA bases. This probably may be be-
cause some isolates harbored resistant genes that 
could not be eliminated by acridine orange. 

Additionally, after the elimination of plas-
mids, it was observed that the ethanol root extract 
had a greater inhibitory effect on the isolates. This 
was evidently observed with E. coli-3, E. coli-4, 
E. coli-5, and SE-1. Thus, the results indicated that 
ethanol is a better extraction solvent for the extrac-
tion of the root of U. chamae plant active princi-
ples. This corroborates the reports of Ogueke et al. 
(2007). The inhibitory effect exhibited by the root 
extracts of U. chamae is of great significance, es-
pecially in this region where the cost of obtaining 
medicare is high. 
Conclusion

This study confirms that the U. chamae plant 
possesses some antimicrobial substances that can 
inhibit the growth of these diarrheal isolates, but 
these potentials were prevented by some test iso-
lates who formed resistance by the acquisition 
of one or multiple plasmids of various molecular 
weights. The study further portrays the resistance 
patterns of these test organisms were reverted by 
the removal of plasmid-mediated genes. There-
fore, resistance profiling and rapid detection of the 
presence of plasmids are essential for the proper 
treatment of bacterial infections caused by these 
isolates. Additionally, U. chamae should be greatly 

exploited for discoveries that might not have been 
considered in this study.
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Abstract

There has been an upsurge in herbicide usage in the Derived Savannah agro-ecological zone of Ni-
geria. To gauge the possible fate and effects of herbicides, soil fungal response, and capacity to utilize the 
herbicides, glyphosate, atrazine, 2.4-D, and paraquat were assessed. Soil culturable total fungal (TF) and 
herbicide-utilizing fungal (HbUF) populations were assessed using the soil dilution plate method on PDA 
and herbicide mineral salt agar (HbMSA). The effect of herbicides on fungal growth appearance, mycelial 
extension growth, and sporulation was assessed on HbMSA. Results showed that TF and glyphosate, atra-
zine, 2,4-D, and paraquat utilizing fungal (GUF), (AUF), (2,4-DUF) and (PUF) populations were 1.3×104, 
1.7×102, 2.1×102, 7.0×10, and 2.3×10 cfu/g of soil, respectively. Eleven fungal species belonging to seven 
genera (Aspergillus, Penicillium, Trichoderma, Chaetomium, Rhizopus, Mucor, and Botryodiplodia) were 
isolated with Aspergillus constituting 50% of soil fungi. Two species of fungi, Aspergillus sp. and Chaeto-
mium sp., were identified as HbUF in soil. Herbicides caused delayed growth appearance and sporulation 
of HbUF. The mycelial extension growth rate of HbUF generally decreased with increased concentrations 
of herbicides. Except for 2,4-DUF, which took a reverse trajectory, spore quantity increased with increased 
concentration of herbicides for GUF, AUF and PUF (P ˂ 0.05). The low population and growth inhibition 
of HbUF indicates the possible slow rate of degradation of herbicides, therefore increased chance of envi-
ronmental pollution. 
Keywords: Derived Savannah; fungi; herbicides; soil; utilize
Резюме

Днес се наблюдава нарастване на употребата на хербициди в агроекологичната зона Derived 
Savannah в Нигерия. За да се прецени възможната съдба и ефектите на хербицидите, реакцията на 
почвените гъбички и капацитетът за използване на хербицидите е направена оценка на глифозат, 
атразин, 2.4-D и паракват. Общо култивираните в почвата гъбични (TF) и използващи хербициди 
гъбични (HbUF) популации са оценени с помощта на метода на разреждане на почвата върху PDA и 
агар, съдържащ минерални соли и хербициди (HbMSA). Ефектът на хербицидите върху появата на 
гъбичен растеж, разрастване на мицела и неговата спорулация е оценен върху HbMSA. Резултатите 
показват, че TF и глифозат (GUF), атразин (AUF), 2,4-D (2,4-DUF) и паракват (PUF) използващи 
гъбични популации са съответно 1.3×104, 1.7×102, 2.1×102, 7.0×10 и 2.3×10 cfu/g почва. Бяха изоли-
рани единадесет вида гъби, принадлежащи към седем рода (Aspergillus, Penicillium, Trichoderma, 
Chaetomium, Rhizopus, Mucor и Botryodiplodia), като Aspergillus представлява 50% от почвените 
гъби. Два вида гъби, Aspergillus sp. 3 и Chaetomium sp., бяха идентифицирани като HbUF в почвата. 
Хербицидите причиняват забавен растеж и спорулация на HbUF. Скоростта на растеж на мицела на 
HbUF обикновено намалява при повишени концентрации на хербициди. С изключение на 2,4-DUF, 
при който се отчита обратна тенденция, количеството на спорите се увеличава с повишаване на 
концентрацията на хербициди за GUF, AUF и PUF (P ˂ 0.05). Ниската популация и инхибирането на 
растежа на HbUF показва възможната бавна скорост на разграждане на хербицидите, следователно 
повишен шанс за замърсяване на околната среда.
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Introduction
Nigeria is classified into seven main agroeco-

logical zones which include Humid Forest, Derived 
Savannah, Southern Guinea Savannah, Northern 
Guinea Savannah, Sudan Savannah, Sahel Savan-
nah, and Mid Altitude (Oluwaseyi et al., 2017). 
The Derived Savannah covers 10 of 36 states of 
Nigeria, which include Enugu, Ekiti, Osun, Oyo, 
Kwara, Kogi, Benue, Nassarawa, Plateau, and Tara-
ba States (Oluwaseyi et al., 2017). This zone which 
lies between the Humid Forest and Southern Guin-
ea Savannah is characterized by the predominance 
of savannah types of grasses with traces of rainfor-
est trees (Federal Department of Forestry, 2017). It 
covers a little over 10 % of Nigeria’s total land mass 
of 923, 768 km2 (Adegbola and Onayinka, 1976). 
Substantial crop production in Nigeria takes place 
in the Derived Savannah agroecological zone, often 
referred to as the Middle-Belt, with Benue State be-
ing regarded as the food basket of the nation. 

In order to keep pace with the demand of the 
ever-increasing population of over 200 million, the 
need for more food production in recent years has 
resulted in the upsurge of herbicide usage within 
the various agroecological zones of Nigeria. This 
rise is attributable to the effectiveness and ease of 
application of herbicides over the traditional man-
ual and mechanical means of weed control (Ubogu 
et al., 2017) and their associated labor cost. Crop 
production in the Derived Savannah agroecologi-
cal zone, particularly in Benue State, relies heavily 
on the use of herbicides by both peasant and com-
mercial farmers. The commonly applied herbicides 
in this zone which are either narrow (selective) or 
broad (nonselective) in their spectrum of activities 
include glyphosate, atrazine, 2,4-D, paraquat, and 
butachlor (personal communication). 

Notwithstanding their effectiveness and ease 
of application, excessive and continuous herbi-
cide usage has been reported to be associated with 
a number of environmental and health problems. 
While some herbicides are extremely mobile in the 
environment (Pathak and Dikshit, 2011) contami-
nating surface and groundwater, others may persist 
for a long period of time, leading to possible bioac-
cumulation in the environment. Some of the herbi-
cides in use (Glyphosate, atrazine, 2,4-D, and Para-
quat) have been linked to a number of diseases in 
humans and animals such as cancer, hypertension, 
stroke, diabetes, autism, nervous system damage, 
liver and kidney failure. They are known to also 
cause genotoxicity, delayed sexual maturation, low  
sperm production, reproductive failure, endocrine  

 
disruption, cytoskeleton, and intracellular transport 
depreciation, and increased oxidative stress (Pathak 
and Dikshit, 2011; Jin et al., 2014; Huang et al., 
2014). One other major drawback in the applica-
tion of herbicides is their non-discriminatory effect 
against other non-targeted organisms, including 
microorganisms in the ecosystem. Although her-
bicides may selectively enrich a small portion of 
microorganisms capable of utilizing it at tolerable 
concentrations, generally herbicides have been re-
ported to reduce overall soil microbial populations 
(including bacteria, actinomycetes, cyanobacteria, 
protozoa, and fungi) (Latha and Gopal, 2010). The 
consequence of this microbial population shift is 
an ecological imbalance between soil-borne plant 
pathogens and beneficial soil microorganisms fa-
voring disease occurrence (Kalia and Gupta, 2004).

Fungi, like bacteria, are important members 
of the soil microbial community. They are involved 
in numerous ecosystem services, such as biodeg-
radation and detoxification of toxic organic chem-
icals, nutrient recycling, soil structure formation, 
and maintenance. They increase plant nutrient up-
take and tolerance to stressful abiotic conditions, 
prevent diseases and promote plant growth through 
plant-fungi interactions in soil. These critical ser-
vices which are required for improved crop produc-
tion have been reported to be hampered significant-
ly by the presence of herbicides in soil (Panneersel-
vam et al., 2021). 

Microorganisms more than any other group of 
organisms are the most sensitive to environmental 
perturbation arising from chemical pollution. They 
are usually the first to respond to chemical pollution 
in any given ecosystem. Among soil microorgan-
isms, fungi are the most diverse group (Vazquez et 
al., 2021). Their response to the presence of herbi-
cides and their capacity to utilize them can provide 
valuable insight into the probable fate and effects 
of herbicides in soil. However, there is a dearth of 
such valuable information regarding autochthonous 
herbicide utilizing fungal populations and their spe-
cific growth response/utilization of commonly ap-
plied herbicides in the agricultural soil of the Nige-
ria Derived Savannah agroecological zone. It is on 
this premise that this study was conducted.
Materials and Methods
Sampling location

The experimental soil for this study was ob-
tained within March 2021 from agricultural soil 
of the Guinea Savanna located in Makurdi, Benue 
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state, Nigeria, within longitude 8° 32’ 20.9184’’ 
E and latitude 7° 43’ 55.7472 N’’ of the equator  
(Fig. 1). 

Fig. 1. Global Positioning System (GPS) of Makur-
di, Benue State, Nigeria: location of experimental 
soil (Google data map, 2022)
Soil sample collection and analysis

Soil for this study was collected within 0-15 
cm of the soil vertical profile in its natural state. 
Soil samples were analyzed in triplicates for phys-
icochemical and microbiological (total culturable 
fungal counts) baseline properties. Soil pH was 
analyzed using the method of Hendershot et al. 
(2006), textural components by hydrometer meth-
od described by Aliyu and Oyeyiola (2011). Soil 
porosity was assessed by the method described by 
Ezzati et al. (2012). Nitrogen, phosphorus, and to-
tal organic carbon were respectively analyzed us-
ing the methods of micro-Kjeldahl (van Reeuwijk, 
2002), Bray and Kurtz No.1 (van Reeuwijk, 2002), 
and Skjemstand and Baldock (2006).
Isolation, identification, and estimation of soil 
culturable total fungal (TF) and herbicide utilizing 
fungal (HbUF) populations

Ten grams of soil samples (untreated with 
herbicides) collected randomly from experimental 
soil were homogenized. One gram of the homog-
enized soil was added to 9.0 mL of diluent (phys-
iological saline) in a sterile test-tube. From this, 
fivefold serial dilutions (10-1, 10-2, 10-3, 10-4, and 
10-5) were prepared and 0.1 mL aliquots plated out 
from each dilution in triplicates on potato dextrose 
agar (PDA) and herbicide mineral salts agar (HbM-
SA). Four different herbicides, glyphosate, para-
quat (broad spectrum) atrazine, and 2,4-D (narrow 
spectrum), were employed in this study. The pour 
plate technique was used for the isolation and esti-
mation of fungal populations. Bacterial growth on 
plates was inhibited by incorporating tetracycline 
into PDA and HbMSA plates. PDA was constituted 

in accordance with the manufacturer’s (L:S-BIO-
TECH, USA) instructions, while HbMSA was 
prepared by adapting the formulation reported by 
Dutta and Singh (2016). This formulation com-
prised as follows (g/L): KH2PO4, 0.83; KCl, 0.29; 
MgSO4·7H2O, 0.42; Na2HPO4, 1.25; NaNO3, 0.42; 
NaCl, 10.0; agar, 20; pH - 7.2. The constituents 
were homogenized and sterilized at 121.0°C, 15 psi 
for 15.0 min in an autoclave. Herbicide was sub-
sequently added to the sterilized constituents upon 
cooling to 45°C with thorough mixing before pour-
ing into plates.  

Culture plates were incubated at room tem-
perature (30.0 ± 2.0°C) for up to 15 days close to 
laboratory windows with alternating 12 hours of 
darkness and light. The culturable TF and HbUF 
populations were determined and estimated within 
this period. Percentage populations of fungi were 
estimated by expressing the total counts of the re-
spective fungi as a percentage of culturable total 
fungi isolated from soil. The minimum time for vis-
ible growth appearance on isolation media (PDA 
and HbMSA) were determined by visual observa-
tion of incubated plate every 24 hours.

Isolated culturable fungi were identified pre-
sumptively on the basis of cultural and morpholog-
ical characteristics using the classification schemes 
of Barnett and Hunter (1998), Humber (2005), and 
Ellis et al. (2007).  
Evaluation of the effect of herbicide 
concentrations on mycelial extension growth rate 
and sporulation

The effect of various concentrations (0.5, 1.0, 
1.5, and 2.0% v/v) of the herbicides glyphosate, 
atrazine, 2,4-D, and paraquat on HbUF mycelial ex-
tension growth rate and sporulation were assessed 
on HbMSA (with herbicide as the only source of 
carbon) and PDA (control, 0.0 %v/v). Five-milli-
meter agar disc inoculum of pure culture obtained 
from the edge of an actively growing PDA plate of 
the test fungal isolate was placed at the center of a 
12 mm petri dish containing the various concentra-
tions of the respective test herbicides. Plates were 
prepared in triplicates and incubated as previous-
ly described above. Thereafter, mycelial extension 
growth rate and sporulation were determined. 

The mycelial extension growth rate (mm/h) 
was determined using the method of Ubogu et al. 
(2015), as follows:   
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On the other hand, the earliest sporulation 
time at various concentrations of tested herbicides 
was determined by observing the fungal inoculat-
ed plates at 24-hour intervals for hyphal-bearing 
spores under the microscope (low-powered objec-
tives). 

The effect of herbicide concentrations on 
the number of spores produced was determined 
by adapting the methods reported by Serena et al. 
(2003), Mitchell et al. (2010), and Ki et al. (2020). 
For each herbicide and tested concentration, fungal 
growth was scraped from the plate using a surgical 
scalpel blade (No. 21) into a 50 mL sterile conical 
flask. Thereafter, 20 mL sterile physiological saline 
was added, followed by mild agitation for 30 sec-
onds to allow spore dispersal. The fungal suspen-
sion was subsequently filtered into another sterile 
50 mL conical flask using three-layered cheesecloth 
for the removal of fungal mycelial fragments. The 
fungal suspension was further agitated for thorough 
mixing. Upon stoppage of the liquid motion of the 
agitated suspension, 10 µL of suspension was add-
ed to both sides of a Neubauer hemocytometer for 
spore quantification.  
Statistical analysis

Microsoft Excel (Analysis ToolPak) was used 
to analyze data collected from this study. Triplicate 
soil samples were evaluated using measures of cen-
tral tendency and dispersion. Student’s t-test was 
used for comparative analysis of paired treatments. 
The effect of concentrations on mycelial extension 
growth and sporulation was determined using anal-
ysis of variance (ANOVA). Levels of significance 
for all analyzed data were put at confidence limits 
of P ˂ 0.05.
Results 
Soil sample collection and analysis

The physicochemical reference data suggest 
that the soil is slightly alkaline, with a high level of 
porosity. Based on its textural composition, the soil 
may be classified as sandy loam with nitrogen and 
total organic carbon content of 0.1 and 1.2 %, re-
spectively. The phosphorus content of the soil was 
0.9 mg/kg with a total culturable fungal population 
of 1.3×104 cfu/g of soil (Table 1).
Isolation, identification, and estimation of soil TF 
and HbUF populations

Eleven culturable fungal species belonging 
to seven genera (Aspergillus, Penicillium, 
Trichoderma, Chaetomium, Rhizopus, Mucor, and 
Botryodiplodia) were isolated from agricultural 
soil. The genus Aspergillus alone constitutes 50 

% of the total genera of fungi isolated from soil, 
while Penicillium, Trichoderma, and Chaetomium 
together formed 40 % of the population with each 
genus constituting up to 10 % or more. However, 
Rhizopus, Mucor, and Botryodiplodia populations 
were relatively low with each genus having up to 5 
% or less of the total fungal populations (Table 2).
Table 1. Baseline properties of agricultural soil
Soil properties Value (mean ± SE, 

n = 3)
Texture
Sand (%) 75.0 ± 0.6
Silt (%) 16.67 ± 0.3
Clay (%) 8.33 ± 0.3
pH 7.2 ± 0.15
Porosity (%) 70.0 ± 1.5
Nitrogen (%) 0.1 ± 0.01
Phosphorus (mg/kg) 0.9 ± 0.15
Total organic carbon (%) 1.2 ± 0.1
Total fungal count  
(Cfu/g of soil) 

1.3 × 104 ± 2.9 × 102

Table 2. Prevalence of culturable fungal genera 
isolated from agricultural soil

Fungal species Fungal genera % frequency  
of occurrence 

Aspergillus sp.1

Aspergillus sp.2 Aspergillus 50.0
Aspergillus sp.3

Penicillium sp.1 Penicillium 20.0
Penicillium sp.2

Trichoderma sp.1 Trichoderma 10.0
Trichoderma sp.2

Chaetomium sp. Chaetomium 10.0
Mucor sp. Mucor 5.0
Rhizopus sp. Rhizopus 4.0
Botryodiplodia sp. Botryodiplodia 1.0

Only two species of fungi, Aspergillus sp.3 
and Chaetomium sp. were identified as HbUF in 
soil. While Aspergillus sp.3 was capable of utilizing 
three of the tested herbicides, Glyphosate, atrazine, 
and 2,4-D; Chaetomium sp. was only able to utilize 
paraquat. Glyphosate, atrazine, and 2,4-D utilizing 
populations of Aspergillus sp.3 was 1.7 × 102, 2.1 × 
102, and 7.0 × 101 cfu/g of soil. These constituted 
1.31, 1.62, and 0.54 % of the total culturable soil 
fungal populations, respectively. The population of 
Chaetomium sp. that utilized paraquat was 2.3 × 
101 cfu/g of soil. This constituted 0.18% of the total 
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culturable soil fungal population. Aspergillus sp.3 

utilized two of the narrow-spectrum (atrazine and 
2,4-D) in addition to one broad-spectrum (glypho-
sate) herbicide, while Chaetomium sp. only utilized 
one broad-spectrum (paraquat) of the herbicide 
tested (Table 3).

All the herbicides tested showed delayed  

visible growth appearance of HbUF on HbMSA 
plates (P˂0.05). While visible growth of Asper-
gillus sp.3 on PDA plates took three days, that on 
glyphosate, atrazine, and 2,4-D mineral salt agar 
occurred at 5.3, 7.3, and 8.3 days, respectively. On 
the other hand, it took 10.7 days for visible growth 
to occur on paraquat mineral salt agar as against 4.3 
days on PDA (Table 4).
Table 4. Minimum time (days) for visible fungal 
growth appearance on HbMSA used for the isola-
tion of HbUF
Fungal isolates 
appearance 

Minimum time (days) for visible 
growth appearance

HbMSA PDA
GUF 5.30 ± 0.3a 3.0 ± 0.0b

AUF 7.30 ± 0.3a 3.0 ± 0.0b

2,4-DUF 8.30 ± 0.3a 3.0 ± 0.0b

PUF 10.7 ± 0.3a 4.3 ± 0.3b

*GUF = Glyphosate utilizing fungi, AUF = Atrazine utiliz-
ing fungi, 2,4-DUF = 2,4-D utilizing fungi, PUF = Paraquat 
utilizing fungi, HbUF = herbicide utilizing fungi, HbMSA = 
herbicide mineral salts agar. Values with different superscript 
alphabet (a, b) along same row differ significantly (n = 3, 
Student’s t test, P < 0.05)

Evaluation of the effect of herbicide 
concentrations on mycelial extension growth rate 
and sporulation

The mycelial extension growth rate of the 
isolated culturable HbUF generally decreased with 
an increase in herbicide concentrations except be-
tween control (0.0% v/v) and 0.5% v/v for glypho-
sate-utilizing fungi (GUF). Furthermore, the de-
crease witnessed for atrazine utilizing fungi (AUF) 
between 0.5 and 1.0% v/v, and paraquat utilizing 
fungi (PUF) between 1.0, 1.5 and 2.0% v/v concen-

trations were not statistically significant (P˂0.05) 
(Fig. 2). The mycelial extension growth rate be-
tween the control and the highest concentration (2.0 
% v/v) of herbicides tested, ranged between 0.65 
and 0.31, 0.65 and 0.23, 0.65 and 0.27, and 0.31 
and 0.09 mm/h for GUF, AUF, 2,4-D utilizing fungi 
(2,4-DUF) and PUF, respectively.

Fig. 2. Effect of herbicide concentrations on myce-
lial extension growth rate (mm/h) 
*GUF = glyphosate utilizing fungi, AUF = atrazine utilizing 
fungi, 2,4-DUF = 2,4-D utilizing fungi, PUF = Paraquat uti-
lizing fungi. Concentration values for the same herbicide with 
same superscript alphabet (a, b, c, d, e) did not differ significant-
ly (n = 15, ANOVA, P < 0.05).

Spore production by HbUF was affected by 
herbicides. There was delayed sporulation in the 
presence of herbicides. While the minimum sporu-
lation time for the control was 48 h for GUF, AUF, 
2,4-DUF and 72 h for PUF, the minimum sporula-
tion time for the highest tested concentration were 
72, 96, 96, and 120 h for GUF, AUF, 2,4-DUF and 
PUF, respectively (Fig. 3a). 

The number of spores produced by HbUF 
was significantly lower for all tested concentrations 
of herbicides than the control. However, the num-
ber of spores produced increased with increased 
concentrations of herbicides for GUF, AUF, and 
PUF. Conversely, the number of spores produced 
in 2,4-DUF decreased with an increase in the con-
centrations of herbicide. Nonetheless, there was no 
significant difference in the number of spores pro-
duced between concentrations of 1.5 and 2.0 % v/v 

Table 3. Culturable HbUF populations isolated from agricultural soil
Herbicides HbUF isolates HbUF counts (cfu/g of soil) (mean ± SE, n = 3) % populations of HbUF
Glyphosate (NS) Aspergillus sp.3 1.7 × 102 ± 2.7 × 101 1.31
Atrazine (S) Aspergillus sp.3 2.1 × 102 ± 0.9 × 101 1.62
2,4-D (S) Aspergillus sp.3 7.0 × 101 ± 1.1 × 101 0.54
Paraquat (NS) Chaetomium sp. 2.3 × 101 ± 0.3 × 101 0.18

*NS = Non-selective (broad spectrum) herbicide, S = Selective (narrow spectrum) herbicide, HbUF = herbicide utilizing fungi
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for 2,4-DUF (P ˂ 0.05) (Fig. 3b). The number of 
spores produced between the control (0.0 % v/v) 
and the highest concentration (2.0 % v/v) of herbi-
cide tested ranged between 1.6 × 108 and 1.3 × 107, 
1.6 × 108 and 1.6 × 107, 1.6 × 108 and 2.5 × 104, and 
2.5 × 107 and 2.5 × 106 spores/mL for GUF, AUF, 
2-4-DUF and PUF, respectively.
Discussion

Eleven species of culturable fungi isolated 
from the agricultural soil belong to seven genera 
with the genus Aspergillus being the most domi-
nant, constituting 50% of the total soil fungal popu-
lation. Penicillium, Trichoderma, and Chaetomium 
were the next most abundant fungi in the agricul-
tural soil. Similar findings have earlier been report-
ed (Ikediugwu and Ubogu, 2012). Generally, the 
fungal population and species diversity were low 
in the studied soil. This may be due to the inherent 
physicochemical properties of the soil and the pre-
vailing climatic conditions. The pH of the studied 
soil was found to be slightly alkaline. Soil pH has 
a tremendous effect on fungal species abundance, 
diversity, and community structure (Siles and Mar-
gesin, 2016).  The biomass composition of fungi in 
agricultural soil is regulated by soil pH (Rousk et 
al., 2009). Fungi are usually known to grow over 
a wide pH range (Frac et al., 2015), however, sub-
stantial growth is favored at an acidic pH. Rousk 
et al. (2009) reported a five-fold increase in fungal 
growth at lower pH (pH 8.3 to 4.5). Furthermore, 
in addition to pH, fungal population and distribu-
tion in the soil are reported to be greatly influenced 
by a number of factors such as temperature, mois-
ture, the type and amount of organic content, soil 
texture, climatic conditions, and vegetation cover 
(Lopez-Bucio et al., 2015; Rouphael et al., 2015).

Similar to the TF population, the populations 

of HbUF and species diversity were equally low. 
Among the eleven fungal species isolated from soil, 
only two species, Aspergillus sp.3 and Chaetomium 
sp. were able to utilize the tested herbicides. The 
low populations of HbUF may be ascribed to the 
detrimental effects of herbicides and the inability of 
many soil fungi to utilize herbicides as a sole car-
bon source. Vazquez et al. (2020) reported a reduc-
tion in culturable soil fungi species diversity due to 
the presence of glyphosate. Aspergillus sp.3 exhib-
ited a greater versatility in its ability to utilize the 
tested herbicides irrespective of whether they were 
narrow or broad-spectrum herbicides. Aspergillus 
sp.3 utilized all the tested herbicides, glyphosate, 
atrazine, and 2,4-D except paraquat, which was 
only utilized by Chaetomium sp. Previous studies 
have also reported the ability of Aspergillus spp. to 
utilize or degrade glyphosate (Correa et al., 2021) 
and 2,4-D (Vroumsia et al., 2005). 

Herbicide persistence in the soil is influenced 
by their microbiological and physicochemical prop-
erties.  The microbial element is related to the type 
and abundance of microorganisms existing in the 
soil which determine the rate of degradation (Rah-
man, 2020).  Soil pH, textural composition, and 
organic contents determine the degree of adsorp-
tion of herbicides to soil particles, which further 
determine their accessibility to microbial attack 
(Rahman, 2020). Herbicides adsorbed strongly to 
soil with low pH (Mon et al., 2009; Ismail et al., 
2009; Eduardo et al., 2017; Rahman, 2020; Jing et 
al., 2020), high clay and organic content (Ismail 
et al., 2009; Mon et al., 2009), thus making it less 
available in solution for microbial uptake and uti-
lization. It has been reported that low soil pH in-
creased the adsorption of the herbicides, glyphosate 
(Eduardo et al., 2017), atrazine (Jing et al., 2020), 

Fig. 3. Effects of herbicide concentrations on spore production by HbUF
*GUF = glyphosate utilizing fungi, AUF = atrazine utilizing fungi, 2,4-DUF = 2,4-D utilizing fungi, PUF = Paraquat utilizing 
fungi. Concentration values for the same herbicide with same alphabet (a, b, c, d, e) did not differ significantly (n = 15, ANOVA, 
P < 0.05)
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2,4-D (Ismail et al., 2009; Mon et al., 2009; Sameni 
et al., 2011) and paraquat (Gondar et al., 2012) to 
soil.  The baseline physicochemical properties of 
the studied soil showed a high pH, and low clay, 
and organic carbon content. Thus, the applied her-
bicides are likely to be less adsorbed to the soil and 
therefore available for utilization and degradation 
by existing HbUF even though the soil population 
and species diversity of HbUF is low. 

The visible growth appearance of the two 
species of HbUF on mineral salt agar containing the 
respective herbicides was delayed in comparison to 
that on PDA plates. The time for visible growth ap-
pearance of Aspergillus sp.3 also varied among the 
different herbicides it was able to utilize. The var-
iation in the duration of visible growth appearance 
of fungi may be due to the relative ease of metab-
olism of the respective herbicides determined by 
their structural and chemical makeup. Fungi vary 
in their ability to utilize available sources of carbon 
for growth (Sati and Bisht, 2006). 

Although the HbUF were able to utilize ex-
clusively the tested herbicides as a substrate for 
growth, their mycelial extension growth rates were 
significantly slowed down in comparison to the 
control (PDA) devoid of the herbicides. Increased 
concentrations of the herbicides as a sole carbon 
source also progressively lowered the rate of my-
celial extension growth of the fungi. This finding 
is concordant with previous reports on the effect of 
herbicides on the mycelial extension growth of fun-
gi (Cupul et al., 2014; Ubogu et al., 2017). The pro-
gressive reduction in the mycelial extension growth 
rate of the fungi with increased concentrations is a 
result of elevated toxicity of the herbicides at high-
er doses.

Sporulation of the HbUF was generally de-
layed by the presence of the tested herbicides. 
However, while the time of the delay varied with 
various concentrations for glyphosate and 2,4-D 
utilizing fungal species, it was not so for atrazine 
and paraquat utilizing fungal species.  The specific 
consequences of herbicides on fungal sporulation 
have been shown to be variable and this is usual-
ly dependent on species and dosage (Dehnet et al., 
1990). 

The number of spores produced in the control 
(PDA) plates by the HbUF was much higher than 
those produced in HbMSA containing the various 
concentrations of the tested herbicides. PDA pro-
vides conducive growth conditions for fungi and 
thus commonly used for its isolation and culture 
(Su et al., 2012), although it is often reported to be 

inefficient in the induction of sporulation in fungi 
(Li et al., 2007). In this study, with the exception 
of HbMSA containing 2,4-D, the number of spores 
produced by HbUF increased with increased con-
centrations of herbicides. This finding lends cre-
dence to the reports that sporulation in fungi is not 
usually promoted under rapid mycelial growth but 
rather under a decreased rate of growth (Dahlberg 
and Etten, 1982), nutrient exhaustion and starvation 
(Su et al., 2012). In the HbMSA containing 2,4-D, 
spore production followed a reverse trajectory to 
the observed general trend as the number of spores 
produced decreased with increased concentration 
of the herbicide. This differential response of the 
HbUF to 2,4-D may be attributed to the intrinsic 
nature of the chemical. Sporulation in fungi is an 
intricate process regulated by environmental and 
endogenous biological cycles (Wright 1979; Tim-
berlake, 1980).
Conclusion

The results of this study show that the ag-
ricultural soil of the Nigeria Derived Savannah 
agro-ecological zone has low populations of cultu-
rable TF, HbUF and species diversity. In addition, 
the growth rates of the HbUF were substantially 
slowed down with increased concentrations of the 
applied herbicides. The baseline physicochemical 
properties of the agricultural soil also revealed that 
it is slightly alkaline (high pH) with low clay and 
organic carbon contents. These suggest that though 
the applied herbicides are likely to be less adsorbed 
to the soil and thus readily available in solution for 
fungal uptake and utilization; there is possibility 
that fungal degradation and removal from the soil 
may not proceed speedily particularly at higher 
rates of application. This may subsequently offer 
the slowly biodegraded, weakly adsorbed mobile 
herbicides the chance of contaminating the sur-
rounding surface and groundwater.    
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Abstract

Globally, little research effort is devoted to investigating the potential benefits of toxic or poisonous 
suspect mushrooms.  In this study, we profiled Amanita cokeri metabolites using GC-MS to identify com-
pounds of industrial value. The mushroom was collected at a forest reserve in Ilesa, Southwest Nigeria, 
and identified by comparing it with literature. Extraction of the metabolite from A. cokeri was done using 
methanol and characterized using GC-MS. Compound identification was achieved using the NIST 11 mass 
spectral library. Morphologically, the mushroom was identified as A. cokeri. GC-MS profile revealed that 
A. cokeri metabolite contained 20 fractions belonging to three functional groups namely, terpene, fatty acid, 
and its derivatives and sterol. Cis-9-hexadecenal was the most abundant compound (45.07%). 1-(+)-Ascor-
bic acid 2,6-dihexadecanoate and D-limonene were noted for the first time in the mushroom. This study 
provided background information into the chemical composition of A. cokeri metabolite for possible explo-
ration and exploitation for humankind.
Keywords: Amanita cokeri, substrate, metabolite, Gas chromatography-mass spectrometry, compound 
identification
Резюме

В световен мащаб малко изследователски усилия са посветени на проучването на потенциалните 
ползи от токсични или съмнително отровни гъби. Морфологично обекта на изследване е 
идентифициран чрез сравняване с литературата като Amanita cokeri. Гъбата е събрана в горски 
резерват в Илеса, югозападна Нигерия. Чрез GC-MS е установен метаболитния профил на A. cok-
eri, за да се идентифицират съединения с индустриална стойност. Екстракцията на метаболита от 
A. cokeri се извършва с помощта на метанол. Идентифицирането на съединението е постигнато с 
помощта на NIST 11 масспектрална библиотека. GC-MS профил доказва, че метаболитът на A. cok-
eri съдържа 20 фракции, принадлежащи към три функционални групи, а именно терпен, мастна 
киселина и нейните производни и стерол. Цис-9-хексадеценалът е най-разпространеното съединение 
(45.07%). Аскорбинова киселина 2,6-дихексадеканоат и D-лимонен са установени за първи път в 
гъби. Това проучване предостави основна информация за химичния състав на метаболита от A. cok-
eri за изследване и възможно използване.
Introduction

Mushrooms constitute the earliest form of 
fungi known to humankind (Okhuoya et al., 2010). 
In the natural environment, they exist as conspicu-
ous fruiting bodies on soils or lignocellulose-rich 
substrates (Adeniyi et al., 2018a, b), and offer di-
verse advantages as a food source, nutraceutical, 
drugs development, and economic empowerment 
(Titilawo et al., 2020). At the time of this study, the  

 
literature reveals that research efforts focused more 
on the exploration of edible mushrooms for numer-
ous human benefits, with little or no attention on 
toxic species. This may be due to poisonous mac-
rofungi possessing neurotoxic capability, triggering 
hallucinations, nervousness, bronchospasm, con-
fusion, nausea, abdominal pain, diarrhea, nausea 
vomiting, altered sense of time and space, and even 
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death (Fiedziukiewicz, 2013).
The genus Amanita is widely known to be 

toxic, although some edible species exist within the 
group (Codja et al., 2020). Globally, it is estimated 
that 900 - 1000 Amanita species exist, with only 
about 500 currently described (Vargas et al., 2017). 
In Africa, especially Nigeria, mycodiversity is un-
derexplored and many Amanita species remain un-
identified (Fraiture et al., 2019). Previous works on 
Amanita focused on the identification of species in-
cluding A. phalloides (Oso, 1985), A. caesarea and 
Amanita sp. (Adejumo et al., 2015), A. muscaria, 
A. novinupta and A. rubescens (Ali et al., 2018) and 
A. caesarea (Keta et al., 2019) from different states 
in the country. 

Amanita cokeri, a poisonous suspect mush-
room has been earlier reported. In North California, 
Drehmel and Chilton (2002) profiled amino acids 
in A. cokeri using thin-layer chromatography while 
Adeniyi et al. (2018a) and Titilawo et al. (2020) re-
ported the occurrence, and proximate, vitamins and 
elemental composition of A. cokeri from ENPOST 
forest reserve, Ilesa, Southwestern region of Ni-
geria. To unveil the possible industrial importance 
of this species, the present study investigated the 
chemical composition of A. cokeri metabolite using 
gas-chromatography mass spectrometry.
Materials and Methods 
Sample collection and phenotypic identification of 
mushroom

The mushroom fruitbody was obtained from 
ENPOST forest reserve in Ilesa, Osun State, Nige-
ria (Latitude 4°42ˈ30ˈE to 4°42ˈ45ˈˈE longitude 
7°36ˈ55ˈˈN to 7°37ˈ10ˈˈN) in 2019. The sample 
was carefully uprooted from the soil with a sterilized 
hand trowel, placed in a paper bag, and transport-
ed immediately to the laboratory for proper mor-
phological description. Cap morphology including 
size, colour, shape, margin, the shape of margin; 
the stem length and diameter, location, shape, col-
our, surface texture, texture; and gill shape, attach-
ment, colour were observed and documented. In 
the months the mushroom was observed, its habi-
tat, substrate, and habit were noted and recorded.  
Identification was done by comparing described 
morphology with published literature (Odeyemi 
and Adeniyi, 2015). 
Preparation and extraction of the metabolite from 
the mushroom sample

The sample was air-dried and ground into 
powder using an electronic grinder. Extraction was 
done according to Gonmori and Yoshioka (2005). 

A 100 mg aliquot of the mushroom powder was 
mixed with 9 ml methanol, extracted by sonication 
for 120 min, and then filtered through Whatman 
filter paper No 1 to remove any particulate matter. 
The filtrate was analyzed using gas chromatogra-
phy-mass spectrometry (Shimadzu, QP-2010 Ultra, 
Japan).
Gas chromatography-Mass spectrometry (GC-MS) 
instrumentation and conditions

The GC was fitted with a DB-5MS capillary 
column (30 m x 0.25 µm, film thickness 0.25 µm). 
The injection temperature was 250°C with an inlet 
pressure of 29.2 kPa. The column flow rate was 0.6 
ml/min (total flow rate 4.4 ml/min) with a linear 
velocity of 30 cm/sec. Purge flow was 3 ml/minute. 
Injections were performed in splitless mode, with 
a ratio of 1.0. The column oven temperature was 
set at 60°C then increased at a rate of 10°C/min to 
300°C and held for 16 min. Ion source and interface 
temperatures were 230 and 280°C with a solvent cut 
time of 3.50 min. All mass spectra were acquired 
in electron impact mode. The scanned mass ranged 
from 50 to 700 m/z with a scan speed of 2500 scan/
sec and an event time of 0.30 sec. Analysis was per-
formed in full scan mode with an injection volume 
of exactly 1 µl.

Identification of the chemical compounds 
present in the extracted metabolite

The compounds were identified using the Na-
tional Institute of Standard Technology (NIST) 11 
mass spectral library. The compounds present in the 
extracted metabolites were identified by comparing 
the spectra with those of the reference compound in 
NIST 11 mass spectral library.
Results 

A. cokeri was found growing on soil debris 
under tree canopies and exhibiting scattered hab-
its over three months, from March to May 2019. 
The mushroom possesses a large cap ranging from 
7.8 to 15 cm, yellow and white in colour, fleshy, 
with sticky brown and yellow scales. Interestingly, 
the cap displayed different morphology within its 4 
days lifespan. On appearance in the field, the cap is 
parabolic in shape and alternates between convex 
and plane as it matures. The margin is appendic-
ulate and the shape of the margin is either straight 
or uplifted. The dimension of the stem is 149 to 
182 mm x 22 to 28 mm, located centrally, in equal 
shape, and white in colour. The surface is scabrous, 
and the texture is firm. The spore-bearing surface 
is gill having an unequal shape and the attachment 
is adnex. The gill is white but changes to yellow 
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after harvest (Table 1). The physical appearance of 
the mushroom suggests its poisonous or a suspect. 
Phenotypically, it was identified as A. cokeri. The 
picture of the mushroom is in Fig. 1.

 The GC-MS profile showed that A. cokeri 
metabolite contained 20 chemical constituents. The 
retention time of the fractions was between 5.978 
and 28.874 min. The percentage area of the com-

ponents was between 0.32 to 45.07%. The identi-
fied compounds belong to three functional groups 
namely, terpene, fatty acids, its esters, aldehyde and 
amide, and sterol (Table 2). Amongst these, fatty 
acid derivatives cis-9-hexadecenal and 1-(+)-ascor-
bic acid 2,6-dihexadecanoate, had a relative abun-
dance of 45.07% and 14.86% respectively, followed 
by terpene (D-limonene), 12.86%. Fractions hav-

Table 1. Morphological description of A. cokeri

Month of growth March to May, 2019
C

ap

Size 7.8 to 15 cm
Colour Yellow and white in colour, fleshy, with sticky brown and yellow scales
Shape Parabolic in shape and alternate between convex and plane as it matures
Margin Appendiculate
Shape of margin Straight or uplift

St
ip

e

Length / diameter 149 to 182 mm / 22 to 28 mm
Location Central
Shape Equal
Colour White
Surface Scabrous
Texture Firm

G
ill

Shape Unequal
Attachment Adnex
Colour White but changes to yellow after harvest

Habitat / substrate Terrestrial / soil debris  
Habit Scattered
Odour Mild 
Edibility Poisonous / suspect
Presumptive identification A. cokeri

Fig. 1. A. cokeri (A) wide view of sample growing on soil debris; (B) lateral view of young sample; (C) 
lateral view of matured sample with convex cap shape; (D) lateral view of matured sample with plane cap 
shape and uplift margin; (E) top view; (F) cap margin.
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ing a percentage area between 1 and 9% were ethyl 
oleate (7.73%)>stearic acid (6.32%)>ergosterol 
(2.59%)>oleic acid, methyl ester (1.67%)>oleam-
ide (1.36%)>palmitoleic acid (1.20%). Other com-
ponents had an area >1% (Table 2). The chroma-
togram showing the peak of each component is in 

Fig. 2. 
Fig. 2. Gas chromatography–mass spectrometry 
(GC-MS) spectrum of A. cokeri methanolic extract
Discussion

In the wild, the availability and suitability 
of substrate are crucial for the development and 
growth of mushrooms (Adeniyi et al., 2018a). 

This study reveals that A. cokeri grows on soil de-
bris with possible mutualistic association with the 
roots of trees, with the tree canopy providing a cool 
environment that supported its development. This 
concur with Sanmee et al. (2008) who stated that 
Amanita species are ectomycorrhizal fungi. 

Gas chromatography-mass spectrometry is 
an ideal technique for both quantitative and qual-
itative analyses of volatile and semi-volatile com-
pounds (Mensah-Agyei et al., 2020). The current 
study identified 20 major compounds in A. cokeri 
metabolite (Table 2). This agrees with Wekesa et 
al. (2016) who also identified 20 compounds from 
P. ostreatus. On the other hand, Chaudhary and 
Tripathy (2015) reported 14 compounds from Irpex 
lacteus while Petrova et al. (2007) noted 34 and 44 
compounds from Agaricus pseudopratensis and Ag-
aricus placomyces respectively. Solvent type plays 
a key role in the number of compounds that will 
be obtained following extraction (Mensah-Agyei et 
al., 2020).

Our findings showed cis-9-hexadecenal as 
the most abundant compound having 45.07% of 
the total constituent (Table 2). The dominance of 
cis-9-hexadecenal (23.44%) was earlier reported 
in ethanolic extract of Daedalea elegans (Men-

Table 2. Constituents of A. cokeri metabolite

Peak R.T
(Min)

Area
(%) Chemical constituents Functional groups

1 5.978 12.86 D-Limonene Terpenes
2 15.354 0.41 Myristic acid Fatty acid
3 16.415 0.32 Pentadecanoic acid Fatty acid
4 17.070 0.39 Palmitic acid, methyl ester Fatty acid ester
5 17.269 1.20 Palmitoleic acid Fatty acid
6 17.549 14.86 1-(+)-Ascorbic acid 2,6-dihexadecanoate Fatty acid ester
7 17.620 0.66 2,5-Di-benzyloxy-nitrobenzene Aromatic nitro compound 
8 17.740 0.38 Palmitic acid, ethyl ester Fatty acid ester
9 18.312 0.72 Cis-10-heptadecenoic acid Fatty acid

10 18.718 0.89 Linoleic acid, methyl ester Fatty acid ester
11 18.776 1.67 Oleic acid, methyl ester Fatty acid ester
12 19.338 45.07 Cis-9-hexadecenal Fatty aldehyde
13 19.397 7.73 Ethyl oleate Fatty acid ester
14 19.477 6.32 Stearic acid Fatty acid
15 19.640 1.36 Oleamide Fatty acid amide 
16 21.075 0.42 8,11-Octadecadienoic acid, methyl ester Fatty acid ester
17 21.121 0.82 Nonadecanamide Fatty acid amide
18 26.124 0.48 9(11)-Dehydroergosteryl benzoate Sterol 
19 27.644 0.86 Cyclohexanecarboxylic acid, 2-phenylethyl ester   Acid ester
20 28.874 2.59 Ergosterol Sterol 
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sah-Agyei et al., 2020). Other works observed di-
methylbenzene (32.803%) in P. ostreatus (Weke-
sa et al., 2016), and phenol, 80%, and 40% in A. 
pseudopratensis and A. placomyces respectively 
(Petrova et al., 2007). Cis-9-hexadecenal is catego-
rized as an agrochemical of the attractant category 
used as a pesticide for preventing, destroying, or 
mitigating pests (Mensah-Agyei et al., 2020). The 
other main compounds, L- (+)-ascorbic acid 2,6-di-
hexadecanoate and D-limonene, are rarely reported 
in mushrooms. Whereas L-(+)-ascorbic acid 2,6-di-
hexadecanoate earlier identified in oil fraction from 
the stem barks of Dacryodes edulis possesses an-
tioxidant, anti-inflammatory, and anti-nocicep-
tive properties (Okwu and Ighodaro, 2009), D-li-
monene, a major constituent in several citrus oils 
(orange, lemon, mandarin, lime, and grapefruit) is 
used as a flavouring agent and considered to have 
low toxicity and chemopreventive activity against 
many types of cancer (Sun, 2007).

Fatty acids and their derivatives are a ma-
jor component of volatile fractions of mushrooms 
(Petrova et al., 2007). The current study revealed 
the presence of 15 fatty acids and their esters, 
amides and aldehyde (Table 2), some of which are 
reported elsewhere (Afieroho and Ugoeze, 2014). 
According to Petrova et al. (2007), ethyl esters in 
the mushroom extract may be artifacts. Neverthe-
less, fatty acid and their esters are responsible for 
the characteristic aroma of mushrooms (Wekesa et 
al., 2016) and possess medicinal properties (Phan 
et al., 2013).

Fungisterol is a vital component of mushroom 
cell membranes (Joffrion and Cushion, 2010). In 
this study, ergosterol was more (2.59%) than 9(11)- 
dehydroergosteryl benzoate (0.48%) (Table 2). In 
another study, 17.91% ergosterol was noted in Len-
tinus tuber-regium (Afieroho and Ugoeze, 2014). 
Ergosterol stimulates the growth and development 
of fungi and is also significant in fungal adaptation 
to stress. It acts as a biological precursor of vitamin 
D, and steroid hormone drugs and exhibits a level 
of antitumor and anti-HIV properties (Huang et al., 
2016). Similarly, 9(11)- dehydroergosteryl benzo-
ate is used as a food preservative, manufacture of 
benzoates and benzoyl compounds dyes, in calico 
printing, for curing tobacco, plasticizers, benzoyl 
chloride, alkyd resins, seasonings, flavours, per-
fumes, dentifrices, and standard in analytical chem-
istry (O’Neil, 2013).
Conclusion

GC-MS profiling of the A. cokeri metabolite 
revealed 20 chemical fractions with cis-9-hexade-

cenal being the most abundant. The present study 
noted L-(+)-ascorbic acid 2,6-dihexadecanoate and 
D-limonene for the first time in mushrooms. Al-
though A. cokeri is a poisonous suspect, its meth-
anol extract contains fractions having potential 
usefulness in the food, pharmaceutical, medical, 
and industrial sector. Further investigation on ex-
traction, toxicity, and application of the mushroom 
fractions is highly recommended. 
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Abstract 

We present the results from ELISA IgG/IgM tests vs rtPCR diagnostic testing of individuals both with 
and without clinical symptoms, travel arrangements and cross-border movement, in an effort to contain the 
COVID-19 pandemic during the entire 2021. rtPCR test results were a prerequisite for any planned trip, 
requirement for diagnosis and protocol treatment. The collected data are cumulative and the statistics might 
become helpful to each individual in deciding on a particular line of action. Our Molecular Diagnostics 
Unit is licensed within the territory of Bulgaria. Our methods present strict protocols from the guidelines 
of the National Center for Infectious and Parasitic Diseases, the kits used were all CE, the overall concept 
in sync with the global regulations per CDC and the WHO. The cumulated results for each month show 
high correlation between the levels of IgM and the number of patients testing positive for COVID with 
the rtPCR. We present retrospective data of utmost importance for the regions near border crossing point 
in a situation of pandemic with involvement of local and international authorities. Determining the titer of 
Covid antibodies provides important information with regard to vaccination and compare levels of titers 
of acute elevated IgM titers in patients with severe COVID-19 with positive PCR results in an attempt to 
implement more ELISA testing as a significant, informative and important part of establishing a patient’s 
status, given the easier access to rapid tests when triaging patients for admission to hospital and with the 
need for emergency resuscitation. 
Keywords: COVID-19, SARS-CoV-2, global pandemic, testing rtPCR, IgM/IgG IgG and IgM antibody 
titers
Резюме

Представяме резултати от ELISA IgG/IgM тестове и rtPCR диагностични изследвания от 
индивиди с или без клиника, с планове за пътувания през граница в усилията за ограничаване 
на COVID-19 пандемията през цялата 2021. Резултати от rtPCR изследвания бяха задължителни 
при пътуване, както и изискване при постъпване в болница за лечение. Събраните данни са общи 
и статистиката може да се окаже от помощ при вземането на решение за здравето на отделните 
хора. Звеното за Молекулярна диагностика към Микробиологична лаборатория на МБАЛ „д-р 
Атанас Дафовски“ е лицензирано на територията на България. Методите ни за изследвания следват 
протоколите на Националният център за заразни и паразитни болести в България, китовете които 
сме използвали са били CE, цялостният концерт базиран на насоките на Центъра за Контрол на 
Болестите и Световната Здравна Организация. Резултатите за всеки месец показват корелация между 
повишените нива на IgM и броят на пациенти с положителни COVID rtPCR.  Настоящият доклад 
представя ретроспективно важни данни за райони в близост до гранични пропускателни пунктове в 
условията на пандемия и ангажираност от страна на местни и международни власти. Определянето 
на титри Covid за антитела  дава важна информация по отношение на имунизирането, но нашият 
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Introduction 
The COVID-19 pandemic that the world has 

experienced over the past few years has been dev-
astating, with enormous consequences in terms of 
deaths, long term illnesses, protracted health condi-
tions, exhaustion of health systems, overwhelmed 
healthcare workers, as well as a huge economic 
impact. With time, we have seen some effect from 
the treatment protocols, and have witnessed and ex-
perienced the results of the newly discovered vac-
cinations. 

With vaccine development and mass immu-
nizations globally, many researchers have initiated 
comparison of immune responses, antibodies and 
titers to provide clarification. The current FDA 
guidelines for assessing immunity suggest antibody 
testing was not recommended after vaccination for 
COVID-19. Antibodies comprise specific proteins 
which are synthesized by the immune system after 
infection or vaccination. SARS-CoV-2 antibody or 
serology tests look for antibodies in a blood sample 
to determine if an individual has had a past infec-
tion with the virus that causes COVID-19. The U.S. 
Food and Drug Administration (FDA) suggests that 
results from currently authorized SARS-CoV-2 an-
tibody tests should not be used to evaluate a per-
son’s level of immunity or protection from COV-
ID-19 at any time, and especially after the person 
has received a COVID-19 vaccination.

While a positive antibody test result can be 
used to help identify people who may have had 
a prior SARS-CoV-2 infection, more research is 
needed in people who have received a COVID-19 
vaccination. Currently authorized SARS-CoV-2 
antibody tests have not been evaluated to assess the 
level of protection provided by an immune response 
to COVID-19 vaccination. Currently authorized 
COVID-19 mRNA vaccines induce antibodies to 
the spike protein and not to nucleocapsid proteins 
that are likely detected only after natural infections. 
Therefore, COVID-19 vaccinated people who have 
not had previous natural infection will receive a 
negative antibody test result if the antibody test 
does not detect the antibodies induced by the COV-
ID-19 vaccine. If antibody test results are interpret-
ed incorrectly, there is a potential risk that people 
may take fewer precautions against SARS-CoV-2 
exposure, which can increase their risk of SARS-
CoV-2 infection and may result in the increased  

 
spread of SARS-CoV-2.

The lack of clarity about the immune response 
is being addressed and many scientific groups are 
currently involved in conducting retrospective anal-
ysis, as well as prospective research to bring more 
evidence of the benefits of COVID premonitions 
and suitable titer levels. A study group in France 
(Dimeglio et al., 2022) measured the antibody ti-
ters in 8758 healthcare workers, vaccinated and 
unvaccinated, soon after the first epidemic wave 
occurred in France (10 June–10 July, 2020). Total 
SARS-CoV-2 antibodies were measured in longi-
tudinal samples with a quantitative enzyme-linked 
immunosorbent assay (ELISA). Analysis of their 
data indicated that an ELISA concentration be-
tween 13 and 141 BAU/ml provided only 12.4% 
protection against SARS-CoV-2, a concentration 
between 141 and 1700 BAU/ml provided 89.3% 
protection, and a concentration of 1700 BAU/ml 
and above provided full protection. In their relevant 
participant group, none of the two dose-vaccinated 
had an ELISA concentration below 141 BAU/ml 
one month after the second injection, unlike 79.3% 
of the HCWs three months after a natural infection.

Published research by Ahmed et al. (2022) 
explored post-vaccination antibody titers as a prog-
nostic biomarker in patients with autoimmune 
rheumatic disease (AIRD). They studied 630 pa-
tients with rheumatic arthritis. In their results, the 
antibody titer was 854.1 were good responders, 143 
inadequate responders, and 107 non-responders. 
Subsequent infections occurred in 47 patients at a 
mean follow-up of 147.3 days and were proportion-
ately the highest in the NR group, followed by the 
IR group, and the fewest in the GR group. Subse-
quent infections occurred in 7.4% of patients and 
were associated with seronegativity following vac-
cination. According to the authors, the results could 
be a basis for exploring post-vaccination antibody 
titers as a biomarker in patients with AIRD.

mRNA BNTb262 vaccine was studied by 
Furier et al. (2022) and found immunogenic in the 
majority of patients with autoimmune inflammato-
ry rheumatic diseases, AIIRD, with an acceptable 
safety profile. Treatment with glucocorticoids, 
rituximab, MMF, and abatacept was associated 
with a significantly reduced BNT162b2-induced 
immunogenicity. 

фокус е да сравним повишените титри на акутни IgM с положителни PCR резултати, като покажем 
необходимостта от повече ELISA, значима и информативна част при установяване статуса на даден 
пациент, имайки предвид по-лесния достъп до бързи тестове при триаж на пациенти за постъпване 
в болница и с необходимост от спешна реанимация. 
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Another study provided comparison between 
antibody titers before and after a third dose of the 
SARS-CoV-2 BNT162b2 vaccine in adults aged 
≥60 years (Eliakim-Raz et al., 2021). Among the 97 
study participants, the median age was 70 years and 
61% were women. Before the third dose 94 par-
ticipants were seropositive. The median titer level 
increased significantly after the third dose, from a 
median of 440 AU/mL to 25 468 AU/mL and all 
participants became seropositive. No significant 
correlation was observed between age and IgG ti-
ters. No variable was significantly associated with 
higher IgG titers, including age, sex, days after first 
vaccination, and comorbidities. No major adverse 
events were reported.

Kurano et al. (2022) measured the SARS-
CoV-2 antibody titers to predict accuracy of COV-
ID-19 maximum severity by machine learning tool 
in non-vaccinated patients. Serum samples were 
tested after routine clinical examination of 134 sub-
jects who had been diagnosed as having COVID-19 
by RT-PCR assay between April 2020 and January 
2021. None of the subjects had been vaccinated 
against SARS-CoV-2. The subjects were classified 
into four groups according to the disease maximum 
severity: severity group 1 (did not require oxygen 
supplementation), severity group 2a (required ox-
ygen supplementation at low flow rates of under 4 
L/min via a nasal cannula), severity group 2b (re-
quired oxygen supplementation at relatively high 
flow rates, but not mechanical ventilatory support), 
and severity group 3 (required mechanical ventila-
tion). 

As previously reported (Yordanova et al., 
2022) evidence towards the global understanding 
of the spread, contagiousness, significance, mor-
bidity and mortality of COVID in our area and the 
data representing cumulative numbers of pandemic 
development, we have recorded significant infor-
mation regarding antibody titers. We have shown 
the dynamics in the spread of COVID near border 
crossing points and the significance of restrictive 
measures locally (Yordanova et al., 2021). 

With the current work, we aim to show COV-
ID results at regional level with regard to short and 
long-term forecast, as well as the further impact on 
the spread and containment of the infection in sup-
port of place-based policies to establish and change 
existing vaccination protocols. 
Case Report

We present statistical data based on the results 
collected directly from patients tested in our hospi-
tal on a daily basis. Our methods were the ELISA 

IgM/IgG semi-quantitative/quantitative methods 
for COVID-19 and rtPCR, according to the glob-
al standards of the WHO and the CDC guidelines. 
Our methodology utilized measures of antibody ti-
ters on serum from whole blood samples obtained 
and tested the same day without the need to store, 
thus avoiding freeze-thaw cycles. Results from the 
plate reader of an assay with colorimetric TMB/
H2O2 detection were obtained separately for IgM 
and IgG. The IgM protocol was semi-quantitative 
and each ratio<0.8 was read negative, between>0.8 
to<1.1 – borderline and>1.1 – positive, where the 
result represented a ratio of sample or control vs 
calibrator. The IgG assay was quantitative and the 
results were calculated when plotted against a stan-
dard curve. The results were expressed as U/ml and 
further converted to BAU/ml (according to WHO’s 
International Binding Antibody Units) when multi-
plied by the correction coefficient 2.1. 

For the molecular diagnostics method, isola-
tion of RNA from patient samples or Magic prep 
(Diagnovital A1 Life Science Fast Extraction Kit) 
was utilized. The rtPCR was run in the Applied 
Biosystems Step One Real-Time PCR System. The 
supporting methods of testing were the rapid tests 
with whole blood or plasma, as well as nasopharyn-
geal swab antigen testing. The reagents used were 
procured from different sources, governmental offi-
cial central supply, local grants or purchases. All of 
our reagents and kits were CE. 

For the logs, the following data were collect-
ed from the patients: (a) key dates which includ-
ed the date of onset of disease, date of admission 
to hospital, date of confirmation of infection, and 
dates of travel; (b) demographic information about 
the age and sex of patients/cases; (c) geographic in-
formation at the highest resolution available down 
to district level, with the right amount of precau-
tion, due to patient confidentiality,  this information 
was subdivided into administrative units (county, 
city, and, where available, specific locations); (d) 
symptoms, (e) any additional information, such 
as exposure to specific places with higher density 
of people, record of exposure to infected individ-
uals, if known. All the information collected with 
the results was entered into the national system for 
COVID for Bulgaria within the same day. 

Table 1 further presents the combined ELI-
SA results for each month. Antibody testing was 
separated in groups of inpatients and outpatients. 
Due to the specific ELISA methods, we only used 
cumulative results of positive and negative but did 
not compare titers. Results from IgM, IgG and rt-
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PCR for each month were plotted on a graph pre-
sented in Figure 1 below. Each month is plotted on 
the X axis, and the Y axis shows the total number 
of tests. The IgG, IgM and the PCR test results are 
expressed in percentage, thus allowing easy com-
parison. The blue bars represent the total number 
of SARS-CoV-2 antibodies tests done each month. 
The red line represents the severe COVID cases 
confirmed with rtPCR. The yellow line gives infor-
mation about high IgMs titers of tested patients, not 
necessarily the same ones who tested positive on a 
PCR test. The red and the yellow lines mimic each 
other’s patterns, as the increased percentage of acute 
cases started in February and reached April, then de-
creased and peaked again in August and November.

IgGs, on the other hand, decreased in April, 
August, November and December.  We noticed in-
creased numbers of acute IgM patients with each 
wave of the pandemic, which was self-explanato-
ry and anticipated. For each drop in IgGs percent-
age, we observed an increase in total positive rtP-
CR numbers. During the summer months traveling 

across borders was possible only with evidence of 
a negative PCR test. We recorded mainly negative 
and healthy individuals traveling through earlier 
on, but with the shift of seasons, the number of pa-
tients with positive PCR tests increased. We have 
no information on record about the purpose of peo-
ple’s travels and the need of border crossing, but 
we assume that travel during the summer months  
was connected with vacation, family trips and due 
to regular business for people with seasonal jobs 
across Europe, as well as trade (Fig. 1). 

Figure 2 presents the total number of antibody 
tests by month. The bars give information about 
the positive monthly tests and an overview of each 
new wave. The increase in positive tests is linked to 
more individuals tested, but in relation to each sub-
sequent surge of the infection. Each wave led to a 
further increase in morbidity and mortality (data not 
presented), a large number of patients with a need 
of hospitalization by far exceeding the numbers of 
available hospital beds, and exhausting hospital re-
sources and staff.

Table 1. Results from monthly angibody testing throughout 2021 in MHPAT Kardzhali

Month Type IgM positive IgM total 
groups IgM total IgG positive IgG total 

groups IgG total 

January 
outpatients 2 4

4
42 66

66
inpatients 0 0 0 0

February
outpatients 1 6

6
35 79

79
inpatients 0 0 0 0

March
outpatients 0 3

7
91 136

140
inpatients 3 4 3 4

April
outpatients 6 28

46
102 155

175
inpatients 11 18 15 20

May
outpatients 0 4

8
56 80

86
inpatients 2 4 5 6

June
outpatients 0 2

3
42 53

55
inpatients 1 1 2 2

July
outpatients 0 0

1
15 32

33
inpatients 1 1 1 1

August
outpatients 2 10

13
63 83

86
inpatients 1 3 3 3

September
outpatients 0 4

22
75 104

122
inpatients 6 18 16 18

October
outpatients 0 5

21
74 105

121
inpatients 1 16 11 16

November
outpatients 1 7

25
63 84

102
inpatients 4 18 15 18

December
outpatients 0 8

13
21 25

30
inpatients 4 5 4 5
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The increased numbers of newly infected 
people exposed many doctors and healthcare work-
ers to an immense risk on the job, a rather grave 
situation, just like anywhere else in the world. 

Figure 3 gives further information about each 
subsequent wave of the infection with a stacked bar 
graph. The first peak was in April, followed by the 
summer months with low numbers, and then anoth-
er prolonged wave in the months of September, Oc-
tober and November.
 Discussion 

Through continuous daily data collection and 

reporting to local and national authorities, we con-
tinue to study the trends from the results of mass 
number tested individuals. The current report does 
not look into specific titers; hence the difference 
in methodology of IgG/IgM testing, we settled on 
the overall idea which supports extensive antibody 
testing. The goal was to access patients initially for 
diagnostic purposes and further for follow-up for 
better idea and build on statistics for prognostic 
purposes. Although we did not look into the pa-
tients’ records to link the purpose of their testing, 
foreign passport holders included, we believe much 

Fig. 1. Comparison of cumulative results from monthly testing for SARS-CoV-2 antibodies in percentage 

Fig. 2. Number of positive SARS-CoV-2 IgG and IgM antibody tests for each month in 2021

Fig. 3. Total ELISA SARS-CoV-2 tests IgG/IgM performed each month
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more information is needed, and as results are be-
ing collected more studies are required to suggest 
better directions for clinical use. 

Our study also did not assess cell-mediated 
immunity at this point. However, the data suggest 
that monitoring the neutralizing antibody response 
and also total antibody concentrations, logistically 
more feasible, can be used to optimize vaccination 
strategies by estimating the duration and degree of 
protection provided by vaccines. The thresholds of 
protection should be compared to those obtained in 
further studies, but more importantly, implemented 
into protocols and guidelines for the future waves 
or new outbreaks.  More studies would be very 
informative, with more data included to compare 
different age groups, past infections taken into ac-
count, new breakthrough COVID infections, com-
pare co-morbidities and drug interaction patterns. It 
is also essential to estimate the influence of reduced 
antibody neutralizing capacity against new emerg-
ing virus variants. We think the overlooked rapid 
tests for antibodies, though being qualitative, offer 
an excellent opportunity for quick assessment of 
patients, triage and decisions on subsequent, more 
detailed testing and should be used more extensive-
ly. 
Future Pursuits 

In the light of the COVID pandemic, we have 
witnessed a huge leap forward in the exploration 
of new aspects of molecular biology. While small 
(18–22 nucleotides), non-coding RNA transcripts 
called microRNAs (miRNAs) were being studied, 
they emerged as promising candidates with exten-
sive diagnostic potential due to their role in numer-
ous diseases (Dave et al., 2019), previously estab-
lished methods for quantitation and their stability 
within biofluids. We have seen their advantages 
as vaccinal products in the COVID pandemic, but 
several classes of molecules have been scrutinized 
as prospective biomarkers. Further developments 
in the area of testing with biomarkers and imple-
menting miRNA could significantly contribute not 
only to accurate diagnosis, but will drive toward 
target therapy, even before manifestation of clinical 
symptoms. Perhaps, one advantage of the pandem-
ic has been the incredible scientific advancement 
in the medical field and the potential of miRNA, 
which is going to take medicine, testing and treat-
ment to a whole new level. Investigation of these 
novel biomarkers could advance the use of per-
sonalized medicine in infectious disease treatment, 
which raises important considerations for validat-
ing their use as diagnostic or prognostic markers 

(Tribulet et al., 2020). As we slowly diverge from a 
state of pandemic, we look for greater opportunities 
for diagnostics. The emerging miRNA detection 
platforms, combined with equipment in the line of 
artificial intelligence for numerous panel testing 
and interpretation presents a focus on rapid, point-
of-care testing and could become great hope and 
benefit for infectious disease and latent infections. 
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Dear Editor,
SARS-CoV-2, first detected in 2019 in Wu-

han, China, spread rapidly owing to asymptomatic 
cases and a long incubation period. This interferes 
with control measures, which focus mainly on the 
identification and quarantine of symptomatic cases 
(Zhou et al., 2020). SARS-CoV-2 infectivity de-
pends on temperature, sunlight, and humidity (Da-
bish et al., 2021). Globally there was an association 
between climate (temperature) and the initial trans-
mission of SARS-CoV-2 in many countries from 
Dec 2019 – 30th Mar 2020 (Sobral et al., 2020), but 
not in Bulgaria. In Bulgaria, the lockdown was in-
troduced on March 13, 2020, for one month, fol-
lowed by a state of epidemic emergency. 

The target region in this study, Sandanski Mu-
nicipality, Bulgaria (known for the historical figure 
of Spartacus), has a distinct climate and geography, 
N 41.39778. There are mountains Malashevska, 
Ograzhden, and Pirin to the north, west, and east, 
and Mediterranean influence from the south. The 
community is relatively closed. In the first SARS-
CoV-2 case a person was arriving from the UK 
during the lockdown, and in the second one, a con-
tact of theirs.

The aim of this study was to identify the as-
ymptomatic cases in the target region from 13th Mar 
to 8th Dec 2020, via retrospective serological analy-
sis. Further, we explored the potential effect of some 
climatic factors and attempted to determine if the 
source of the virus in this region was from the UK.

We used 418 serum samples stored at −20°C 
in the Sveti Vrach Hospital in Sandanski. The sam-
ples were from healthy patients without infectious  

 
diseases. We analysed three time periods: during  
the “Lockdown” 13th Mar – 13th Apr, the period 14th 
Apr – 7th Aug and 26th Oct – 8th Dec. Detection of 
IgA, IgM, and IgD against the N protein was done 
via dual recognition ELISA (INgezim® COVID 19 
DR, Eurofins, EU). To differentiate the Ig class, 
we used a rapid gold-nanoparticle-based test with 
specificity and sensitivity of 98.41/85.19% for IgM 
and 96.34/94.33% for IgG (Artron, Canada), and 
quantitative ELISA (Demeditec, EU) to determine 
the presence of virus neutralising antibodies (VNA) 
against the S protein (in BAU). Statistical analysis 
was done using Pearson’s χ2 test and Fisher’s test 
in GraphPad Prism 9. The weather data were from 
the database of the National Institute of Meteorolo-
gy and Hydrology, BAS (https://www.stringmeteo.
com/).

Official data on the SARS-CoV-2 prevalence 
in Bulgaria are available since 6th Jun 2020 (https://
data.egov.bg/data/), so it is difficult to compare 
and assess the impact of various factors on the vi-
rus prevalence before this date. Of the 418 sam-
ples tested, 16.5% were positive for SARS-CoV-2 
antibodies. The prevalence of asymptomatic cas-
es showed no statistically significant differences 
(SSD) between the sexes and different age groups 
(Fig. 1 and 2). The first asymptomatic case was a 
61-year-old woman, at the end of the first period, 
13th Apr, with IgM and IgG, but negative for VNA 
(BAU 6.47).

The asymptomatic cases during the lockdown 
showed no SSD from the non-lockdown period that 
followed, until 7th Aug (Fig. 3). 
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Fig. 1. Gender distribution of the positive and neg-
ative patients

Data from the retrospective serological analysis of 
418 samples. There were IgM/A/G in 69 samples, or 16.5% 
(95% CI: 13.3% to 20.4%). The positive cases were 14.7% in 
women (95% CI: 10.5% to 20.1%) and 18.4% in men (95% 
CI: 13.7% to 24.2%), with no SSD in the anti-SARS-CoV-2 
Ab status between the sexes (Pearson’s χ2=1.019, df =1; 
p = 0.313). 

Fig. 2. Age distribition of the positive patients rep-
resented with population pyramid

Age distribution of positive cases. The 69 asympto-
matic cases were aged 27–85 yrs, Mean (SD) = 57.1 ±15.8 yrs, 
with no SSD in age (Student’s t-test t=1.54, df = 67; p=0.128) 
between men (Mean (SD) = 54.5 ±16.3 yrs) and women 
(Mean (SD) = 60.4 ±14.8 yrs).

Fig. 3. Distribution of the positive and negative pa-
tients between the three studied periods

Based on the sampling time, we grouped the samples 
into three stages: Quarantine (Q), Post-quarantine period (PQ) 
and secondary rise of cases (S). The percentage of positive 
samples during stage Q (3.85%; 95% CI: 0.197% to 18.9%, 
n=1), PQ (9.18%; 95% CI: 6.47% to 12.9%, n=290) and S 
(51.4%; 95% CI: 40.3% to 62.2%, n=39) showed no SSD be-
tween Q and PQ (p=0.715, RR=0.419; 95% CI: 0.07 to 2.14), 
while there was between S and Q (p<0.01, RR=0.075, 95% 
CI: 0.013 to 0.37) and S and PQ (p<0.01, RR=0.179, 95% CI: 
0.012 to 0.27).

The lockdown restrictions in March and April 
coincided with the most favourable weather condi-
tions for virus survival and transmission in the re-
gion (9.6/ 3% RH and 12.9/65% RH), correspond-
ing to a decay rate of 1.5 – 1.7% per min) or about 
90% decrease in infectious virus per hour accord-
ing to Dabisch et al. (2020). 

When the lockdown restrictions were lift-
ed, the weather conditions were unfavourable for 
SARS-CoV-2, with temperatures rising to 38.8 and 
20 – 70% RH, causing a decay rate of 38.1 – 26.2% 
per min (Dabish et al., 2021). Thus, the overlap 
of virus-limiting factors could explain the lack of 
SSDs between these two periods of virus transmis-
sion in the region. 

The number of asymptomatic cases was high-
est in the third period, Oct-Dec (Fig. 3). Since some 
restrictions were then again in effect, the increase 
was likely due to lower average temperatures and 
increasing relative humidity, up to 15.8°C/72%, 
8.7°C/71% and 7.9°C/83%. Such conditions main-
tain the infectivity of SARS-CoV-2 for more than 
2 h (Dabish et al., 2021) and weaken the host’s 
immunity, increasing the susceptibility to virus 
infections (Sobral et al., 2020). The average wind 
speed of 2.1-2.6 m/s and the movement of people 
probably also aided the transmission in the region. 
SARS-CoV-2 from airborne droplets can remain 
infectious on porous and non-porous surfaces for 3 
and 7 days, respectively (Corpet, 2021). This may 
have also contributed to the transmission to humans 
and other susceptible hosts during these months, re-
sulting in a higher number of asymptomatic cases.

The first official case of SARS-CoV-2 in the 
Sandanski Municipality was reported on 1st Apr 
2020, during the state of emergency. A person ar-
rived from the UK with a fever and tested positive 
at the airport. Then, 23 contact persons were test-
ed for SARS-CoV-2 but gave a negative PCR re-
sult. On 4th Apr, one of them was hospitalised and 
became the second official case, in turn requiring 
the testing of another 14 contact persons. Maybe 
the second case tested negative initially because 
the patient was in an incubation period at that time 
(Zhou et al., 2020). It could also have been part of 
the high percentage of false negatives at the begin-
ning of the pandemic (up to 67%) attributed to the 
varying eclipse phase, the role of sampling time, 
and the type of sample (Teymouri et al., 2021). This 
does not exclude the possibility that another contact 
could have been an asymptomatic case with a neg-
ative PCR test and subclinical infection (Zhou et 
al., 2020) or an asymptomatic subclinical case with 
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a false negative result, leading to the spread of the 
strain from the UK.

Regarding the source of SARS-CoV-2 in 
the region, the data show that: the asymptomatic 
case detected on 13th Apr had non-neutralising Ig 
against the N protein; reportedly, IgA and IgM peak 
on days 16–20, while IgG on days 21–25 (with a 
sharp increase from day 15) post infection (Ma et 
al., 2020). Thus, we might speculate that the virus 
was probably already circulating in the region be-
fore the first reported case there. Based on all of the 
above, the source of the virus in the region was less 
likely air currents; rather it was transmitted maybe 
by asymptomatic people returning from the capital, 
especially before Lockdown, where the first cases 
were reported in early March.

In conclusion, the results indicated that there 
was an asymptomatic transmission of SARS-
CoV-2 in the studied region during the lockdown. 
The strain was most likely already circulating in 
Bulgaria before the first reported clinical cases 
originating from the UK. Such a second source of 
SARS-CoV-2 in the region put additional strain 
on the population, facilitating the transmission. 
However, the imposed restrictions and the climatic 
conditions slowed down the transmission until the 
autumn. Climatic factors may affect the local air-
borne/droplet transmission of SARS-CoV-2 and its 
survival until contact with humans.
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15th Congress of Bulgarian Microbiologists with International 
Participation - Achievements and Perspectives

The Fifteenth Congress of Bulgarian Microbiologists with International Participation,  5-8 October 
2022, showed itself to be a significant scientific forum that brought together prominent and young scientists 
to discuss, educate, inspire, encourage, exchange ideas and conceive new joint projects. It was dedicated to 
the 200th anniversary of the birth of the world-famous microbiologist Louis Pasteur, to the 75th anniversary 
of the Stefan Angelov Institute of Microbiology at the Bulgarian Academy of Sciences (BAS), and to 
the International Year of Basic Sciences for Sustainable Development, proclaimed by the United Nations 
General Assembly for 2022.

Organizer of the Congress was the Bulgarian Microbiology Society (BMS) Section at the Union 
of Scientists in Bulgaria. Founded in 1927, the society is a leading scientific organization of about 200 
scientists involved in research work in more than ten areas of microbiology. Traditionally, along with 
BMD, co-organizers were the Union of Scientists in Bulgaria (UBS) and the Stefan Angelov Institute of 
Microbiology at the BAS.

The Congress was held in Koprivshtitsa, aka the “insurgent capital of the Bulgarian National Re-
vival period”. The town is the birthplace of some of Bulgaria‘s most significant historical figures, such as 
Lyuben Karavelov, Dimcho Debelyanov, Todor Kableshkov, Georgi Benkovski among others. The Bridge 
of the First Rifle Shot in Koprivshtitsa was the place where the April Uprising broke out. The town had a 
pivotal role in Bulgaria‘s historical past and piqued the interest of both foreign and Bulgarian participants. 
The venue of the Congress sessions was the old Saints Cyril and Methodius school - the first grade school 
in Koprivshtitsa. The unique revival period architecture of building and the entire atmosphere of the place 
steeped in history evoked a specific spirit among the participants.

More than 120 scientists from Bulgaria and Europe, representing all branches of the microbiological 
science (general, applied, medical, veterinary, plant microbiology and microbial biotechnologies, virology 
and infection immunology) participated in the Congress. Guests at the Congress were Professor Eliora Ron, 
President of the International Union of Microbiological Societies (IUMS) from Tel-Aviv University (Isra-
el), and Prof. Colin Harwood, Treasurer of the Federation of European Microbiological Societies (FEMS) 
from Newcastle University (UK). Apart from scientists from Bulgaria, scholars from Italy, Great Britain, 
France, Greece, Turkey, Israel, Russia, Romania, and Albania took an active part in the work of the Con-
gress.

The Congress was opened by the BMS Chairman, Academician Angel S. Galabov, and Prof. Diana 
Petkova, Chairman of the UBS, welcomed the participants on behalf of the Union. The introductory lecture 
delivered by Prof. Colin Harwood (UK) was focused on molecular-biological approaches to optimization 
of secretion of proteins for anthrax vaccine. The lecture of Corresponding Member Hristo Naydenski was 
dedicated to the life and work of Louis Pasteur on the occasion of the 200th anniversary of the birth of the 
great scientist.

A separate session was devoted to Covid-19 issues, in which leading experts in this field from Bul-
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garia and abroad reported the latest epidemiological, morphological and immunological aspects of SARS-
CoV2: Eliora Ron (Israel), Iva Hristova (NCZPB), Arzu Sayiner (Turkey), Pelagia Foka (Greece), Andi 
Koraqi (Albania), and Athanasios Tsakris (Greece).

A total of more than 100 papers were presented at the Congress, 52 of which were oral presentations 
and 50 were poster presentations. The 28 plenary lectures aroused a great deal of interest. Among the par-
ticipants in the field of general and applied microbiology were Massimiliano Fenice (Italy), Jean-Marie 
François (France), Ilia Iliev, and Pavlina Dolashka (Bulgaria). Recent research results related to the biodi-
versity of extreme niche microbial communities and the effect of the metabarcoding approach, predictive 
models for probiotic potential, molecular mechanisms of antimicrobial activity of natural peptides, oxida-
tive stress, the localization-function relationship in sialidases, novel enzymes from lactic acid bacteria, the 
role of industrial microbiology for sustainable alternatives to fossil resources, etc. were reported. 

In the field of medical microbiology, plenary speakers were Igor Mokrousov (Russia), Mariana Mur-
dzheva, Stefan Panayotov, Emma Kyoleyan and Robert Penchovski (Bulgaria), as well as young scientists 
from Bulgaria and Russia. They communicated advances in the use of modern molecular methods in the 
diagnosis of severe infections, the development of new antibacterial preparations, establishment of an an-
tibiotic stewardship program, rapid and reliable detection of pathogens in raw milk, etc. Attention was also 
drawn to the personalized TB treatment in the setting of multidrug resistance, and the consequences of 
antibiotic overuse in COVID-19 treatment.

The problems of veterinary medicine were the focus of plenary speakers Hristo Naydenski and Raiko 
Peshev, as well as the researchers from the team of Petya Orozova and Valentina Urumova. The challenges 
of antimicrobial resistance in pig farms and the role of genes responsible for its global spread were dis-
cussed. New data were presented on the spread of herpes virus infections in ruminants, the first isolation 
and complete genome sequene of the causative agent of bacterial cold water disease in fish, the first con-
firmed presence in Bulgarian Black Sea‘s aquatorium of Vibrio aestuarianus, causing disease in oysters, 
the prevalence of Staphylococcus spp., involved in the etiology of mastitis in cattle and their sensitivity to 
antimicrobial agents, etc.

In the field of Environmental Microbiology, Gabriel Ionescu (Romania), Ivan Simeonov and Alex-
ander Krumov presented the role of control on the use of valuable biological materials of different origins 
(toxins, genetic materials, GMOs, foods, cellular components), a strategy for anaerobic biogas production, 
as well as a model of a multifunctional laboratory for the production of algae on waste materials.

The Virology Department opened their session by celebrating the 90th anniversary of the birth of the 
eminent Bulgarian virologist Professor Stefan Dundarov. In his address, Academician Angel S. Galabov 
paid tribute to Stefan Dundarov‘s life and work, and an honorary diploma was presented on behalf of BMS. 
The congress agenda continued with the presentation of six papers on various current topics, such as the use 
of an accessible molecular laboratory method for hepatitis B virus DNA detection (Zhivka Stoykova et al.), 
the challenges of drug resistance and HIV-1 molecular epidemiology in Bulgaria (Ivaylo Alexiev), the role 
of gene silencing in Coxsackie B virus (Nikolay Petrov), an effective model for studying the pathogenesis 
of influenza infection in the lung (Lora Simeonova), etc.

In the field of food microbiology, the guest speakers Stefan Denev, Svetla Danova and Galina Sa-
chanska focused on the problems of probiotics, with an emphasis on those with Bulgarian lactobacilli, the 
presence of pathogenic bacteria in dairy products, etc.

Petya Dimitrova and Anastas Pashov from the Department of Infection Immunology took active part 
by presenting their achievements regarding the role of neutrophils as a promising therapeutic targets in 
various diseases, as well as the importance of specific antibodies (IgOme) for diagnostics and new studies 
of the complexity of the immune system.

In his closing speech, Academician Angel S. Galabov highlighted the paper of Iva Hristova, director 
of the National Centre for Infectious and Parasitic Diseases, summarizing and analyzing data from studies 
on the COVID pandemic in Bulgaria, and the paper of Ivaylo Alexiev, summarizing all data on the AIDS/
HIV-1 epidemic in Bulgaria. Particular attention was given to both papers on infection immunology. In 
addition, Academician Angel Galabov pointed out that the presentations of some of the guests from abroad 
were a great honor for the congress, as they are of global importance. These were the papers of Massi-
miliano Fenice (Tuscia University, Viterbo, Italy) on the deep-sea influence on prokaryotes, of IUMS Pres-
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ident Eliora Ron (Tel-Aviv) on global data on the effect of drug-resistant E. Coli on the COVID pandemic, 
of Athanasios Tsakris (Athens) on the impact of seasonal coronaviruses (such as 229E, O43, etc.) on the 
development of the COVID pandemic and the need to diagnose and monitor their spread, among others.

Two poster sessions were held within the framework of the Congress. Some of the results they pre-
sented aroused huge interest and extensive discussions.

Most of the participants were young microbiologists, 20 of whom received grants from the Scientific 
Research Fund of the Ministry of Education and Science, and from the BAS. An authoritative panel with an 
Italian researcher among its members selected the best posters of young scientists. At the closing ceremony, 
the names of the awardees were announced and awarded diplomas:

1st prize
	Melani Dimitrova – Sofia University St. Kliment Ohridski
	Teodora Panayotova –  University of Plovdiv Paisii Hilendarski

2nd prize
	Tsvetozara Damyanova – Institute of Microbiology, Bulgarian Academy of Sciences
	Maria Pandova – Sofia University St. Kliment Ohridski

3rd prize
	Mila Kaleva – Institute of Microbiology, Bulgarian Academy of Sciences
	Katerina Takova – University of Plovdiv Paisii Hilendarski

For the time of the Congress, young artists from the National Academy of Art and New Bulgarian 
University displayed their paintings in two exhibitions.

The participants in the 15th Congress were offered a sightseeing tour round the historical sights in 
Koprivshtitsa.

The Congress proceeded in an atmosphere of keen interest, creating opportunities to build new con-
nections and pave the way to fruitful collaborations 

The event was supported by the Scientific Research Fund at the Ministry of Education and Science, 
the Bulgarian Academy of Sciences and business partners (AAMEDICAL, Ltd RIDACOM, RSR Ltd, 
ELTA‘90M, SEVEX PHARMA Ltd), who organized an exhibition of their latest products with potential 
application in microbiology.

15th Congress of Microbiologists in Bulgaria with International Participation
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