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Spread of African Swine Fever Virus Epizooty

Emilia Ivanova1, Anna Zdravkova2, Raiko Peshev*1

1National Diagnostic and Research Veterinary Medical Institute “Prof. G.Pavlov”, Sofia, Bulgaria
2 Bulgarian Food SafetyAgency, Sofia, Bulgaria

Abstract
African swine fever (ASF) is a highly contagious and devastating disease in feral and domestic swine. 

The infection spreads rapidly through swine farms with clinical signs of high fever 42°C 4-5 days after 
initiation of the infection followed by dullness, coughing, ocular and nasal discharge, breathing difficulty, 
cyanosis of the extremities, vomiting, and abortions in pregnant sows. The causative agent of ASF is a 
large, double-stranded DNA virus of the Asfarviridae family named African swine fever virus (ASFV). 
ASFV causes haemorrhagic fever in domestic pigs and wild boar, resulting in mortality rates of up to 100%. 

The disease spreads over a short period of time in many regions of the country. In Bulgaria, the 
first outbreak of the disease in domestic pigs (backyard, village of Tutrakantsi, Provadiya, Varna district) 
appeared in August 2018. Later in the same year, 20 new outbreaks in wild boars were recorded in Silistra 
and Dobrich regions. In 2019, fourteen new cases of ASF in wild boars (WBs) were found, with the last 
event recorded at the beginning of June 2019 in Alfatar, region Silistra. Later in that year, in July, 16 new 
outbreaks were found in the Northern part of the country – Pleven, Burgas, V. Tarnovo, Vratca, Russe, 
Vidin. The situation in Russe region was the worst. The disease was detected in three industrial pig farms – 
Nikolovo, Brashlen and G. Vranovo. In order to stop the spread of the disease in industrial pig farms, large 
numbers of pigs were destroyed.

The clinical symptoms observed in diseased pigs were typical of ASF infection. Samples investigated 
by real time PCR were strongly positive (Ct < 30), which was evidence of high quantity of ASFV DNA. 

Currently, there is no vaccine against ASF and biosecurity measures are the key to prevent the spread 
of ASF within and among domestic pig farms.
Keywords: African swine fever (ASF), African swine fever virus (ASFV), pathology, real time PCR 
Резюме

Африканската чума по свинете (АЧС) е силно заразна и фатална болест при диви и домашни 
свине. Инфекцията се разпространява бързо с клинични признаци - висока температура 42°C 4-5 дни 
след започване на инфекцията, последвана от залежаване, кашлица, очни и носни секрети, затруд-
нено дишане, цианоза на крайниците, повръщане и аборти при бременни свине. Причинителят на 
ASF е голям, двуверижен ДНК вирус в семейство Asfarviridae, наречен вирус на африканската чума 
по свинете (ASFV). ASFV причинява хеморагична треска при домашните диви свине, която води до 
100% смъртност.

Заболяването се разпространи за кратък период от време в много региони на страната. В Бълга-
рия първото огнище на болестта при домашните свине (заден двор, с. Тутраканци, Провадия, област 
Варна) се появи през август 2018 г. По-късно през същата година бяха регистрирани 20 нови огнища 
на заболели диви свине в Силистренска и Добричка области. През 2019 г. бяха открити четиринадесет 
нови случая на АЧС при диви свине, като последното избухване беше в началото на юни 2019 г. в Ал-
фатар, област Силистра. По-късно през юли бяха открити 16 нови огнища в северната част на страната 
- Плевен, Бургас, В.Търново, Враца, Русе, Видин. Положението в регион Русе беше най-лошо. Забо-
ляването беше установено в три промишлени свинеферми - Николово, Бръшлен и Г. Враново. За да се 
спре разпространението на болестта в промишлените свинеферми, бяха унищожени голям брой свине.

* Corresponding author: p_raiko@hotmail.com 
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Клиничните симптоми, наблюдавани при 
болни прасета, бяха типични за инфекция с ASF. 
Изследваните проби чрез PCR в реално време 
бяха силно положителни (Ct <30), което е дока-
зателство за високото количество ASFV ДНК.

Понастоящем няма ваксина срещу АЧС и 
мерките за биологична сигурност са основният 
ключ за предотвратяване на разпространението 
на АЧС в и между домашните свинеферми.
Introduction

African swine fever (ASF) is a highly 
contagious viral disease in swine with acute 
to chronic course, characterized by high fever, 
hyperemic skin and hemorrhages in the internal 
organs.

ASF was first discovered in Kenya in 1921 
(Montgomery, 1921). Today, the disease is endemic 
in most sub-Saharan African countries, including 
the island of Madagascar. The first occurrence of 
the disease outside Africa was in Portugal in 1957, 
later in 1960 it spread across Portugal and Spain, 
in 1970-1980 in the Netherlands, Italy, France and 
Belgium. In 1990, the disease was eradicated from 
the European countries and remained endemic only 
on the island of Sardinia (Mur et al., 2016). In 
1971, the disease spread in Cuba, the Dominican 
Republic, Haiti, Brazil, causing great economic 
losses, but later was also eradicated.

In 2007, African swine fever virus (ASFV) 
was introduced into Georgia by ship waste 
which was disposed around the port of Poti and 
subsequently the virus quickly spread throughout 
the whole country with fifty-eight outbreaks 
notified to the OIE (Rowlands et al., 2008). After 
Georgia and Armenia, the disease swept across 
Russia (2007), Azerbaijan (2008), Ukraine (2012) 
(OIE, 2012), Belarus (2013) and Moldova (2016) 
(OIE 2019). Within the EU, nine countries were 
affected between 2014 - 2018 (Lithuania, Poland, 
Latvia, Estonia, Czech Republic, Romania, 
Hungary, Bulgaria and Belgium) (OIE report). In 
2019, the disease was also reported in Slovakia and 
Serbia (OIE, 2019). From January 2014 to May 
2019, a total of 16101 wild boar (WBs) and 1673 
domestic pig outbreaks (ADNS DATA, 2019) were 
detected. The disease affected 68% of domestic 
pigs and 32% of wild boar. In Asian countries the 
disease has spread from August 2018 to date, and in 
China after outbreaks more than 1020000 pigs were 
culled. In Mongolia the first ASF outbreak was at 
the beginning of 2019, and 3115 pigs accounting 
for more than 10% of the pig population, died/
were destroyed due to ASF outbreaks. In Vietnam 

the first ASF outbreaks were in February 2019, and 
more than 89600 pigs were culled. In Cambodia 
the first ASF outbreak was in April 2019, and 
more than 2400 pigs died or were culled (FAO’s 
Emergency Prevention System for Animal Health, 
OIE World Animal Health Information Database 
WAHIS reports, 2019).
African swine fever virus

The causative agent of ASF is a unique, 
enveloped, cytoplasmic, double-stranded DNA 
arbovirus, which is the sole member of the family 
Asfarviridae, genus Asfivirus (Dixon et al., 2005). 
Genetic characterization of all the ASF viruses 
isolated so far has demonstrated 23 geographically 
related genotypes with numerous subgroups, 
illustrating the complexity of ASF epidemiology. 
The genotypes are used mainly for phylogenetic 
and molecular epidemiological purposes (e.g. 
to identify the source of outbreaks). The capsid 
protein p 72 (VP 72) is responsible for the creation 
of neutralization antibodies and is antigenically 
stable and has epitopes which are conservative in 
most strains (Dixon et al., 2013). Small variation 
of gene coding p 72 can be used for genotyping of 
ASFV (Bastos et al., 2003, Nix et al., 2006). 

The virus infects monocytes and macrophages. 
ASF viruses can vary in virulence, the highly 
virulent cause up to 100% mortality and those of 
low virulence from 0 to 60% mortality. The low-
virulence viruses cause seroconversion. Recent 
studies based on a hemadsorption inhibition assay 
have reported the classification of 32 ASFV isolates 
in eight different serogroups (Malogolovkin et al., 
2015). 

ASFV has spherical virions or integral 
viral particles with a diameter of 175 to 215 nm 
and include a genomic center consisting of a 
nucleoprotein structure with a size of 70 to 100 nm 
in diameter. This central structure is protected by 
an icosahedral protein capsid (T=189–217) ranging 
between 172 and 191 nm in diameter (Salas and 
Andres, 2013). Each capsid includes 1892 to 2172 
capsomeres, the matrix protein, and an outer lipid 
envelope. The virus is with 41% G+C content and 
molecular weight of 102 MD. 

The ASF virus has icosahedral morphology 
and contains four concentric layers: the central 
nucleoid, the core shell, the inner envelope and 
the icosahedral capsid. The extracellular viruses 
acquire its external envelope by budding through the 
plasma membrane. ASFV morphogenesis occurs 
in specialized areas in the cytoplasm named viral 
factories, which are proximal to the microtubule 
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organization center near the nucleus Salas and 
Andres (2013). 

The ASF virus has a large genome, with half 
proteins of unknown functions. Unique transmission 
cycles exist among domestic pigs, wild boar and 
soft ticks and high in vitro survivability (Alejo et 
al., 2018). Intracellular viral morphogenesis occurs 
in the perinuclear regions, in which a cluster of 
particles named “virus factory” forms from the 
endothelial reticulum (Rouiller et al., 1998). The 
main capsid protein p72 accounts for 35% of the 
viral mass. Structural proteins, including p150, 
p37, p34 and p14, derived from polyprotein p220 
represent 25% of the virus mass (Andres et al., 
1997). There exist two infectious forms of ASFV 
virions: intracellular virions (IV) and extracellular 
virions (EV) (Galindo and Alonso, 2017). 
Epizootology of ASF disease

The ASF virus persists in distinct cycles: 
the sylvatic cycle, domestic pig-pig cycle, and 
wild boar-domestic pig cycle, the tick-pig cycle 
(Beltran-Alcrudo et al., 2017).

Sylvatic cycle: It involves warthogs, the 
natural host of ASF, and soft ticks Ornithodoros 
moubata, which act as biologic vectors in Africa. 
The virus is maintained by tick to warthogs 
transmission.

Domestic cycle: In this cycle most commonly 
infected are domestic pigs and the virus is maintained 
in pigs in the absence of ticks and wild boars. The 
virus is spread by direct contact through the oro-
nasal route, after contact with the excretion of the 
infected pig or ingestion of products contaminated 
by the virus, or indirectly through fomities.

Wild boar-domestic pig cycle: In Eastern 
Europe, the Caucasus and Sardinia the population of 
wild boar play an important role for the circulation 
and maintenance of the virus, especially in regions 
with free-ranging or scavenging pigs, infected 
feed, fences allowing close contacts as well as in 
transportation of wild boar by hunters.

Tick-pig cycle: In Southern and Eastern 
Africa, the sylvatic cycle of disease is predominant, 
in which warthogs and ticks maintain the virus. 
In West African countries, virus transmission 
occurs through direct contact, pig movement, 
contaminated fomites or infected meat. Soft ticks 
do not participate in the maintenance of the disease. 
On the Iberian Peninsula (1957-1995) domestic 
pigs and wild boars were affected and one of the 
main routes of transmission was by direct contact 
between animals and ingestion of infected meat. 
The soft tick O. erraticus also contributed to 

disease transmission in outdoor pig production 
systems, and served as a long-term reservoir of 
ASFV in affected areas. In Sardinia, the Caucasus 
and Eastern Europe, ASF occurred in domestic pigs 
and wild boar, and ticks were excepted as a factor 
for the disease transmission. In the Baltic States 
and Poland, only a small part of outbreaks involved 
domestic pigs while in the great majority the main 
factor were wild boars. Therefore, currently, the 
possibility of wild boar populations maintaining 
ASFV without its reintroduction by domestic pigs 
is being considered.

When the affected territory is naive, acute 
ASF is observed. Because of the infection 
circulation around the area, between 2-10 % of the 
infected animals could survive, keeping the virus in 
different organs and lymph nodes. These animals 
are a source of infection for the environment and 
the healthy animals (wild boar and domestic pigs). 
Virus excretion can begin two days prior to clinical 
signs and virus shedding depends on the virulence 
of the ASF strain. Pigs infected with less virulent 
strains are persistently infectious for more than 
70 days. The virus is shed by the nasal secretion, 
saliva, tears, feces, urine, and genital secretion. 
Blood contains a large amount of the virus. Infected 
pigs and materials can be transported over long 
distances by vehicles and people. 

The introduction of new pigs often causes 
them to bite each other and if there exist viral 
carriers among the pigs the disease can spread. 
In free-ranging or scavenging pigs the infection 
can spread after contacts with roaming pigs, wild 
boars, their carcasses or food leftovers. The virus 
can be transmited by using the same needle for the 
treatment or vaccination of the swine. Transmission 
via artificial insemination has not been proven, but 
may be possible. Blood-sucking insects such as 
Stomoxys calcitrans can transmit the disease within 
herds (Melor et al., 1987). Contamination of large 
bodies of water such as lakes or rivers is unlikely, 
as the virus rapidly becomes diluted and will not 
have enough infectious titer.
Clinical symptoms of ASF

The incubation period is between 4 and 19 
days and depends on the virulence of the virus, the 
host and the route of infection. Two to three days 
after infection, the clinical signs are visible, even 
with a quite low dose of the virus. The typical ASF 
clinical symptoms include high fever (>41°C), 
dullness and loss of appetite, red-purple skin 
discoloration especially of extremities (e.g. ears) 
and ventral body and sometimes haemorrhages, 
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however, pigs may die without external signs of 
haemorrhages. The following symptoms are more 
variable and not present in all diseased pigs or in all 
groups of diseased pigs: gastrointestinal-vomiting 
and diarrhoea/dysentery (bloody diarrhoea) and 
nervous signs – ataxia. Other signs as oculonasal 
discharges, epistaxis, dyspnoea, coughing and 
reproductive effects (in breeding herds) with 
abortion are observed.

The course of disease is peracute, acute, 
subacute, chronic and asymptomatic, and depends 
on the virulence of the virus. 

The highly virulent strains cause peracute 
and acute form of the disease with high fatality rate 
between 90-100%. The acute disease is characterised 
by high fever, anorexia, weakness, recumbence, 
lethargy, erythema, cyanosis, hemorrhages on 
the skin and snout, diarrhea, abortion, respiratory 
symptoms, nasal discharges, dyspnea and death 
after 7-10 days.

The middle virulent strains cause subacute 
form of disease with approximately 60% mortality 
rate. In that form the symptoms observed are 
abortions, fever, erythema, cyanosis, hemorrhages, 
thrombocytopenia, leukopenia, and death or 
recovery within 3-4 weeks. 

The low-virulence strains are the reason 
for chronicor asymptomatic course of the disease 
with mortality rate 2-20%. In chronic disease 
intermittent low fever, anorexia, depression, 
emaciation, stunting, respiratory signs – coughing, 
diarrhea, joint swelling, occasional vomiting, skin 
lesions may be observed.

If the infection is detected in one or two pigs in 
the group, they die before the ASF virus has spread 
to infect larger numbers of pigs, which can take one 
to two weeks, after which increased mortality is 
seen. This slower spread is associated with minimal 
transmission of the infection by aerosol. There are 
very high amounts of virus in the blood and tissues 
of affected pigs but relatively low amounts of virus 
in excretions and secretions from infected pigs. 
Thus, contact or consumption of carcasses of pigs 
or wild boars or their products is a possible method 
of transmission.
Pathology of ASF

In white-skinned pigs affected by ASF, the 
ears, tail, legs and underside of the body appear 
deeply flushed and may develop a bluish tinge 
(cyanosis). Widespread haemorrhages may be 
visible on the skin. Blood-tinged fluid often 
accumulates in the body cavities. Haemorrhages 
may be visible in multiple organs and on the serosal 

linings of the body cavities. The spleen is often 
markedly enlarged and dark red in color and friable. 
The lymph nodes, especially the gastrohepatic, 
are enlarged and haemorrhagic. At later stages 
of disease the haemorrhagic area increases and 
the lymph nodes become almost black. Tracheo-
bronchial lymph nodes are often nearly black 
and look like coagulum. Pinpoint to larger 
haemorrhages are visible on the kidney capsule. The 
liver is hemorrhagic with enlarged gallbladderand 
hemorrhagic lymph nodes. The wall of the intestine 
is congested, hemorrhagic with bloody fluid contents 
and multiple point hemorrhages. In the fundus of 
the stomach hemorrhagic gastritis with multiple 
haemorrhages is visible. Hemorrhagic cistitis with 
multiple hemorrhages and suffusion is visible in 
the urinary bladder. In the heart, abundant straw-
colored pericardial fluid (hydropericardium), and 
multifocal hemorrhages in the epicard are visible. 
The lung is noncollapsed and edematous and shows 
dorsal hemorrhage and ventral tan consolidation.
Diagnosis and differential diagnosis of ASF

Tissue samples for investigation need to be 
submitted on ice and should only be sent under 
secure conditions and to authorized laboratories 
to prevent the spread of the disease. The most 
appropriate organs for investigation are the spleen, 
lymph nodes, tonsils, lungs, kidneys, and blood.

Diagnostic tests for antigen detection are the 
isolation of the virus in primary porcine monocytes 
and macrophage cells and confirmation of ASFV 
by a haemadsorption test (HAd). Conventional and 
real time polymerase chain reaction (PCR) is used 
for genome detection. PCR has an advantage over 
other diagnostic test as HAd, ELISA/fluorescence 
antibody test (FAT), direct imunoperoxidase 
monolayer assay (DIPMA). 

For antibodies detection, the most appropriate 
diagnostic tests are ELISA, immunoblotting, 
indirect immunoperoxidase monolayer assay 
(IIPMA), indirect fluorescence antibody test (IFAT).

The differential diagnosis for ASF has to 
be made with different diseases as hog cholera 
(more commonly known as classical swine fever), 
which is clinically indistinguishable from ASF. 
Other diseases with similar signs are acute porcine 
reproductive and respiratory syndrome (PRRS), 
erysipelas, salmonellosis, eperythrozoonosis, 
actinobacillosis, Glasser’s disease (Haemophilus 
parasuis infection), Aujeszky’s disease 
(pseudorabies), thrombocytopenic purpura, 
warfarin poisoning, heavy metal toxicity, and other 
generalized septicemic or hemorrhagic conditions.
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Prevention and control
For ASF there is no vaccine or drugs  

available to prevent or treat itunlike other 
transboundary animal diseases (TADs). Preventing 
the entry of ASFV into both domestic and wild 
swine populations, and controlling and eradicating 
the disease as soon as it is detected, are the best 
ways of minimizing its impact. Prevention starts 
with stringent measures at the borders and raising 
awareness among all stakeholders involved. 
Early detection, diagnosis, response, and good 
communication are critical for minimizing the 
spread of the disease. The most effective measures 
against the transmission of ASF are the ban on the 
movement of contaminated pig and animal products, 
direct contact between live animals, including wild 
swine, and the prevention of Ornithodorus tick 
bites 

Measures taken to limit and eradicate the 
disease in domestic pigs at primary outbreak in 
settlements located in the 3 km-zone around the 
epidemiological focus are: enforced humane killing 
and disposal of all infected and contact domestic pigs 
in the affected establishment, as well as pigs reared 
in livestock establishments for personal needs and 
establishments not registered under Art. 137 of the 
Veterinary Law; mechanical cleaning and repeated 
disinfection of pig premises, equipment, vehicles, 
yards and streets in and around the breeding 
establishments. Owners of identified killed animals 
from registered sites are compensated under the 
Veterinary Law. 

In settlements within the 10 km-area around 
the epidemiological focus the entry and exit of 
people, motor vehicles and vehicles powered by 
animal traction, including agricultural machinery, is 
prohibited. The measures are: counting and updating 
the number of animals; collection of double blood 
samples from domestic pigs from each locality; 
weekly clinical examinations for ASF; sampling of 
each dead pig for virological examination. In the 
territory of primary outbreak the trade, movement 
and transport of domestic pigs are prohibited, with 
the exception of those from industrial pig holdings 
and Type A farms located outside the settlements 
within the 10 kmzone around the epidemiological 
focus, for immediate slaughter. Checks on the 
unauthorized movement and/or trade of domestic 
pigs are mandatory.

Measures taken in the event of a primary wild 
boar disease are: determination of the geographical 
coordinates of the primarily infected wild boars 
and designation of the infected area of 200 km2 

around the case found, prohibition of wild boar 
hunting. Access of people to the infected area is 
restricted and dogs are not allowed for hunting but 
only for detection of carcasses of dead feral pigs; 
disinfection of work clothes and vehicles.

The measures taken for wild boar carcasses 
include: detection of dead wild boar carcasses and 
notification to the official veterinarian, sampling 
for ASF and sending for laboratory testing, on-
site burial or transportation in waterproof bags to 
a grave/pit for disposal of specific animal products 
(SAP) and disinfection of the grave site and the 
tools used.

Measures outside the infected areas in feral 
pigs are: after shooting a wild boar, sampling for 
ASF and burial of the ASFV-specific animal organs. 
When traps are used for catching wild boars, the 
animals should be destroyed, sampling for ASF 
and on-site processing of the specific for ASFV 
animal organs. In the Northwest, North Central 
and North Eastern and private enterprises in the 
20 km-areas around the established ASF outbreaks 
wild boar density below 0.3 pigs for 100 ha must 
be be maintained, for other hunting areas up to 0.5 
units/100 ha.
ASF in Bulgaria
Epizootological investigation

In August 2018, in the village of Tutrakanci, 
Provadia, Varna region, an increase in the number 
of diseased and dead pigs was observed in domestic 
pigs from backyard farms. Samples for laboratory 
investigation were taken from the diseased pigs. 
Later in 2018, twenty wild boars (WBs) (3 in Silistra 
and 17 in Dobrich regions were investigated. 

In 2019, fourteen WBs (Silistra region - 3 
in Dulovo and 5 in Alfatar municipality; Dobrich 
region - 5 in Tervel municipality; Varna region - 
1 in Devnya municipality) were found dead. The 
last dead WBs were found in June 2019 inAlfatar 
municipality, Silistra region, and samples were 
obtained for virological and molecular biological 
investigation. On 2.7.2019, in the village of 
Zhernov, Pleven region, in backyard farms 14 
pigs were detected, 2 of which were dead and 2 
diseased. Samples for laboratory investigation were 
taken from dead and alive animals. Later in same 
month, a second outbreak in domestic swine was 
found in the village of Novachene, Pleven region, 
in a backyard farm with 2 pigs (1 dead, 1 sick). 
The situation in Russe region was the worst. The 
disease was detected in three industrial pig farms - 
Nikolovo, Brashlen and G.Vranovo. 
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Clinical and pathological studies in diseased swine
Clinical and pathological investigation was 

performned in the zones with increasing numbers 
of diseased and dead pigs. The diseased pigs were 
observed for changes in the general condition of 
the animals, body temperature and superficial 
changes of the skin and the duration of clinical 
signs. Pathological studies were performed after 
the necropsy of the dead pigs.
Molecular biological investigation

Pig samples from the spleen, lymph nodes and 
whole blood were tested by real time PCR according 
to the Manual of diagnostic standard for terrestrial 
animals (OIE, 2019, Section 3.8.1) for detection 
of ASFV. The results were read after automatic 
determination of cycle threshold (Ct), which is the 
point where the fluorescence measurement is above 
the background signal and reaches the detectable 
level. For positive samples a sigmoid-shaped 
amplification curve will be obtained where the Ct 
value is less than 40. Strongly positive samples have 
a Ct value less than 30. Samples with Ct values more 
than or equal to 38 should be suspected for ASFV 
and need to be repeated for confirmatory purposes. 
Samples maintaining the fluorescence profile under 
the background fluorescence level and when the 
equipment will not report any Ct value, or Ct value 
more than 40 can be considered as negative.
Measures for prevention of ASF spread

Due to clinical features observed in sick 
pigs similar to ASF infection, measures have been 
taken in accordance with the contingency plan to 
prevent the spread of the disease (Council directive 
2002/60/EC). 
Results
Epizootological investigation

The disease was first established in August 
2018 in the village of Tutrakanci, Provadia, Varna 
region, in domestic pigs from backyard farm. 

In 2018, twenty WBs (3 in Silistra and 17 in 
Dobrich regions, and in 2019 fourteen WBs (Silistra 
region - 3 in Dulovo and 5 in Alfatar municipality; 
Dobrich region - 5 in Tervel municipality; Varna 
region - 1 in Devnya municipality) were found 
with changes typical of ASF infection. The last 
confirmed outbreak was in June 2019 - Alfatar 
municipality, Silistra region (Fig. 1). 

In domestic pigs the first outbreak was 
diagnosed in the village of Zhernov, Pleven region, 
on 2.7.2019 in a backyard farm with 14 pigs, 2 of 
which were dead and 2 diseased. 

Following epizootological studies it was 
determined that the probable infection was 
mechanically transmitted by contaminated 
vehicles/people because of the Gernov village 
location (transit road with Romania with passing 
trucks or vehicles) or due to poor biosecurity at the 
farm entrance (equipment of the owner or visitors, 
including private vet and hunters). The other 
possibility is by direct contact with WBs, because 
the farm has well-fenced premises but no external 
fence at the back of the yard, which borders a field. 
The owner did not use swill-feeding, and no new 
animals have been introduced in the past months in 
the farm. The second outbreak in domestic swine 
was found in the village of Novachene, Pleven 
region, in a backyard farm with 2 pigs (1 dead and 
1 sick). Later in the same month, the disease was 
confirmed in three industrial farms - Nikolovo, 
Brashlen and G.Vranovo, where all pigs were 
destroyed.
Measures for prevention of ASF spread

To fight ASF, two zones were created around 
the outbreak of infection - 3 km for protection and 
10 km for surveillance. The measures in the 3 km-
zone were culling of all domestic pigs and cleansing 
and disinfection of premises. In this protective zone 
a total of 51 pigs were culled. 

In the 10 km-zone clinical examinations were 
performed and sampling of swine and creation of 

Fig. 1. The spread of ASF in Bulgaria during 
summer of 2019. Black colored pigs are the proven 
WBs with ASF infection. Pink colored areas are 
outbreaks with domestic pigs and with blue balloons 
are shown the industrial farms. Regionalization is 
in accordance to the Annex of CID 2014/709 (Part I 
– with blue, II – with pink and III – with red color). 
In 2-20 km2 zone (noted with yellow curve) is 
performed the active searching for WBs with ASF 
infection and in 20-40 km2 zone (noted with green 
curve) around the proven diseased WBs
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disinfection posts and vehicle checks. Later, other 
measures were enforced in Pleven region, such as 
clinical examinations of pigs in the entire Pleven 
region, checks for illegal movement of animals, 
ban of animal markets and exhibitions of pigs and 
the implementation of the measures set by the 
epizootic commission in all high-risk regions. The 
movement regime of swine in Pleven region was 
set out with ordinance by the Bulgarian food safety 
agency (BFSA) and was in line with community 
decision (EU) 2014/709 (i.e. pre-movement testing 
of each batch of pigs) and ban for pigs movement at 
this stage in the 3- and 10-km zones (in the 10-km 
zone there is one type A family farm). 
Clinical and pathological studies in diseased swine

The disease was running acutely with an 
elevated temperature of 41.5 - 42oC. Abortion with 
expulsion of the fetuses was observed in one sow 
prior to the onset of the characteristic clinical signs. 
Hemorrhagic diathesis and different degrees of 
bleeding on the internal organs were visible. After 
a high fever, the diseased sows refused to feed 
and lay down. Serous hemorrhagic conjunctivitis 
with closing of the eyelids and redness of the skin 
around the eyes were established. Animals were 
breathing fast, reluctant to move and consumed 
large amounts of water. After refusing feed, they 
died after 4-6 days.

In diseased swines redness on the skin of the 
body, ears, throat, limbs and lower body parts was 
observed. At autopsy, the mucous membranes of 
the oral and nasal cavities were red and streaked 
with multiple haemorrhages. When opening the 
chest and abdominal cavity, a large amount of 
serous fluid with red color was found. Multiple 
petechial hemorrhages in the larynx, trachea and 
bronchi with flowing blood red foamy exudate 
was established. On the endocardium of the heart 
petechial hemorrhages were visible. The lungs 
were enlarged with rounded edges and numerous 
petechial hemorrhages and ecchymoses (Fig. 2 A).

The spleen was with a dark black-red color, 
with rounded edges, a stretched capsule, and 
a soft consistency when compressed and was 
enlarged 3-4 times (Fig. 2 B). Dark red color on 
the cut surface was visible after section. The liver 
was slightly enlarged with rounded edges and 
hyperemic. The gallbladder was with a thick wall, 
enlarged and its fluid was gelatinous and mixed 
with blood. The most significant changes were 
observed in the gastrohepatic, mesenteric, renal 
lymph nodes, which were enlarged 2-3 times and 
look like a blood coagulum after the incision (Fig. 

2 C). The digestive tract was affected, with the 
strongest changes observed in the stomach and 
colon. In them, symptoms of hemorrhagic gastritis 
with extensive hemorrhages, suffusions, and 
ecchymoses were established. The mucosa of the 
intestine was littered with petechial hemorrhages 
and hemorrhagically inflamed.

Multiple petechial hemorrhages in the capsule 
and in the parenchyma of the kidney were visible 
(Fig. 2 D). In the urinary bladder, hemorrhages of 
different sizes were found.
Molecular biological investigation

After obtainig the virus DNA from the internal 
organs (spleen, lymph nodes) and whole blood of 
diseased and dead pigs, real time PCR for detection 
of DNA amplification was performed. Five of the 
investigated samples were strongly positive (Ct < 
30), which is evidence of high quantity of ASFV 
DNA (Fig. 3). 
Conclusions

There is no cure for the ASF disease. No 
vaccine has been developed so far. People do not 
become infected or ill from ASF.

To prevent the disease, it is essential to 
increase the biosecurity measures in the breeding 
establishments, which are reduced to: control of 
movement of persons, animals and vehicles; use 
of special work clothing; avoiding consumption of 
kitchen waste; quarantining newly arrived animals 
and separation of different groups of animals, 
tick control, awareness campaign for owners, 
veterinarians and hunters.

Fig. 2. Pathological changes in dead pigs from the 
ASF. A - lungs- noncollapsed and edematous with 
hemorrhages, B - spleen-markedly enlarged and 
dark red in color, C - lymph nodes-enlarged and 
haemorrhagic and look like coagulum, D - kidneys- 
pinpoint to larger haemorrhages
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Abstract
BKV infection is widespread as early as infancy and early adolescence. The virus remains persistent 

at low levels in many tissues of the human body, in particular the urogenital tract. Reactivation and/or re-
infection from donors in the post-transplant period may result in severe disease, including BKV-associated 
nephropathy and graft rejection. The aim of this study is to determine the percentage involvement of BKV 
in morbidity after kidney transplantation and after allogeneic stem cell transplantation. Eighty-seven studies 
were performed in a total of 37 post-transplant patients (out of which 59.4% were women)with a mean age 
of 42.2 years (SD ± 10.6, range 26-70 years). Thirty-three patients after renal transplantation were screened 
for reactivation (89.2%, CI: 79.2% to 99.2%) in serum, and 4 patients (10.8%; CI: 0.8% to 20.8%) after 
allogeneic stem cell transplantation in urine samples when clinical evidence of haematuria was present. 
We used quantitative BKV PCR test kit Anatolia Geneworks, Istanbul, Turkey. We obtained a positive 
result in 1 patient after renal transplantation (3.03%) and in 3 patients (75%) after allogeneic stem cell 
transplantation and haematuria. Our data indicate that BKV is involved in morbidity after transplantation. 
In order to determine the most appropriate PCR sample material (serum, plasma or urine), all three should 
be tested simultaneously.
Keywords: 
Резюме

BKV инфекцията е широко разпространена още в детска и ранна юношеска възраст. Вирусът 
остава да персистира в ниски нива в много тъкани на човешкия организъм, в частност урогениталния 
тракт. Реактивация и/или реинфекция от донора при пациенти след трансплантация на органи или 
тъкани може да доведе до тежко заболяване, включително BKV-асоциирана нефропатия и отхвърля-
не на присадката. Целта на настоящото проучване е да се определи относителния дял на участие на 
BKV в заболеваемостта след трансплантация на бъбрек и след алогенна трансплантация на стволови 
клетки. Проведени са 87 изследвания на 37 пациенти след трансплантация, на средна възраст 42.2 
г. (SD ± 10.6; обхват 26-70 г.). Скринирани са 33 пациенти след трансплантация на бъбрек (89.2%; 
CI:74.6%-97.0%) в клиничен материал серум/плазма и 4 пациенти след алогенна трансплантация на 
стволови клетки в материал урина и клинични данни за хематурия.

Приложен е PCR тест на Anatolia, Geneworks. Положителен резултат е получен при 1 пациент 
след бъбречна трансплантация (3.03%) и при 3 (75%) от пациентите след алогенна трансплантация 
на стволови клетки и хематурия. Нашите предварителни данни показват, че BKV участва в заболева-
емостта след трансплантация на органи или тъкани. За определяне на най-подходящия материал за 
изследване в PCR е необходимо едновременно приложение на теста в серум/плазма и урина.
Introduction

Polyomaviruses are ubiquitous, infecting many different mammalian species including humans. Most 
human polyoma-diseases are caused by JCV and BKV. BKV is a small non-enveloped double-stranded 
DNA virus. It is a ubiquitous virus with high seroprevalence in the general population (Knowles et al., 

* Corresponding author: liivanova@abv.bg 
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2003). BKV infection is usually acquired in early 
childhood. Transmission occurs typically via oral 
and respiratory routes. Following primary infec-
tion, the virus remains latent in the host in different 
sites, particularly the kidneys, uroepithelial cells 
and lymphocytes. Reactivation from latency may 
occur in normal subjects with asymptomatic viruria 
in about 5%, while it can be associated with ne-
phropathy in kidney transplant recipients (Dolei et 
al., 2000; Reploeg et al., 2001; Costa et al., 2012). 
Under the circumstances of severe immunosuppres-
sion, BKV can cause pneumonitis, hepatitis, retini-
tis, and meningoencephalitis (Bressollette-Bodin 
et al., 2005; Dropulic et al., 2008). Hemorrhagic 
cystitis is seen in 25–60% of bone marrow trans-
plant patients, usually 2 weeks after transplanta-
tion (Bressollette-Bodin et al., 2005). Up to 80% 
of renal transplant recipients have BK viruria, and 
5%–10% progress to BKV nephropathy (BKVN) 
(Hirsch et al., 2002). Given that polyomavirus is 
widely latent in the kidney, kidney transplantation 
(KT) is believed to be an important mode of in-
fection in patients with end-stage kidney disease. 
Graft loss rate has been reported to be as high as 
30%–50% following the diagnosis of BKVN (Sood 
et al., 2012; Hirsch et al., 2013). RT-PCR is the 
method of choice to detect viral replication in urine 
and blood, for diagnosis and prognosis of BKVN 
(Dall et al., 2008, Van Din et al., 2017) and screen-
ing is recommended every 3 months in the first two 
post-transplant years or when allograft dysfunction 
occurs (Posdzich et al., 2016). The aim of present 
study was to determine the percentage involvement 
of BKV in morbidity after KT and allogeneic stem 
cell transplantation (aHSCT).
Material and Method:
Material

87 tests were performed in a total of 37 
post-transplant recipients (out of which 59.4% 

were women) with a mean age of 42.2 years (SD 
± 10.6, range 26-70 years). 33 patients (89.2%, CI: 
79.2% to 99.2%) after KT were screened for reacti-
vation in serum and 4 patients (10.8%; CI: 0.8% to 
20.8%) after aHSCT in urine samples when clinical 
evidence of haematuria was present (Fig. 1, Fig. 2). 

A total of 87 studies were performed in differ-
ent post-transplant periods. 28 KT recipients were 
monitored in more than one sample. One patient af-
ter aHSCT was tested twice (Fig. 3). 

Method
We used quantitative BKV PCR test kit v1 of 

Anatolia, Geneworks, Istanbul, Turkey. 
Results and Discussion

A total of five samples from four patients 
were positive in PCR. We obtained positive results 
in 1 serum sample from a patient after KT (3.03%), 
and in the urine samples of 3 patients (75%) after 
aHSCT and haematuria, where one of them was 
positive twice (Fig. 4, Table 1).

BKV infection is widespread in the human 
population. Infection is usually asymptomatic in 
childhood. After primary infection, the virus re-
mains latent in many tissues and organs, mainly in 
the urogenital tract mucosa. Immunosuppression 
after transplantation leads to reactivation of the Fig. 1. Distribution of post-transplant recipients 

(n=37)

Fig. 2. Age distribution of post-transplant recipi-
ents (n=37)

Fig. 3. Number of tests performed per patient
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latent BKV infection and may cause rejection of 
the grafted organ or tissue. In a study of 441 organ 
transplant recipients in Europe 24 days after trans-
plantation, the detected BKV-seroprevalence was 
97%. In addition, there was a significant increase 
in antibody reactivity after the onset of immuno-
suppression (Antonsson et al., 2013). Viral reacti-
vation during immunosuppression causes cytopath-
ic changes in the uroepithelium and subsequently 
increases the viral load in the urine. Nucleic acid 
amplification testing of blood and urine is the main 
diagnostic and prognostic test for BKV infection. 
Data show that BKV viruria higher than 107 c/ml 
and plasma BKV viremia of 104 c/ml are report-
ed to be typical in patients with BKV nephropathy 
(Ferreira-Gonzalez et al., 2007). BKV disease is a 
common complication after aHSCT. Hemorrhagic 
cystitis is seen in 25–60% of bone marrow trans-
plant patients, usually 2 weeks after transplantation 
according to the literature (Bressollette-Bodin et 
al., 2005). According to other authors, BKV was 
detected in urine in 51.4% of patients 100 days after 
aHSCT, but only 19.1% of them developed hemor-
rhagic cystitis (Posdzich et al., 2015).

According to our data, 3 (75%) of the 4 pa-
tients after aHSCT developed BKV-associated 
hemorrhagic cystitis about 1 month after transplan-
tation (Table 1). In our study, the viral load in the 
urine of these patients was high and ranged from 
log 7.2 to log 10.5.

Our data from the screening program of 33 
kidney transplant recipients for BKV viremia after 
KT showed a positive result in one (3.03%) patient 
about 1 year after the transplantation. We do not 
have baseline data on the BKV seroprevalence of 
the patients studied. Real time PCR results do not 
show reactivation and viremia in most of them. A 
limitation of the study is that urine test was not per-
formed for these patients.

In conclusion, BKV is more frequently in-
volved in the morbidity of patients after aHSCT, 
who undergo more severe immunosuppression as 
a rule. BKV plays a role in morbidity after KT and 
aHSCT, but for more accurate determination of the 
proportion, a more frequent follow-up of the recipi-
ents is required simultaneously in both clinical ma-
terials - urine and serum/plasma.
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Abstract
The aim of the present study was to assess the time-related changes in the microflora of burn wounds 

in our setting and to determine the susceptibility pattern to commonly used antibiotics. In a period of 8 
months a total of 90 burn wound samples (swabs) from 23 hospitalized patients at the Burn Unit were 
sent for microbiological examination. Swabs were taken weekly in a period of four weeks or until the 
patients were dismissed from the hospital. Isolation, identification of bacteria and determination of 
the antimicrobial susceptibility were according to standard microbiological techniques. In the first and 
second week of hospitalization, the predominant organism was Acinetobacter spp. By the end of the third 
week, Pseudomonas aeruginosa had become more predominant. In a period of four and more weeks of 
hospitalization, 7 samples from two patients were positive (yielding double and triple isolates) with further 
prevalence of Acinetobacter spp. Most of Gram-negative isolates were multidrug-resistant. Acinetobacter 
spp isolates were resistant as follows: 100% to amoxicillin-clavulanic acid and to cephalosporins, 86.4% to 
cefepime, 91% to both amynoglycosides, 88.6% to ciprofloxacin and co-trimoxazole, and 84% to piperacillin/
tazobactam and carbapenems. P. aeruginosa isolates were resistant as follows: 100% were resistant to 
AMC, cefuroxime and cefixime, 95% to co-trimoxazole, from 9% to 40% to cephalosporins, 13.6% to 
gentamicin,9% to ciprofloxacin, and 4.5% to amikacin and carbapenems. In conclusion, knowledge of the 
responsible bacterial flora of burn wounds, its prevalence and bacterial resistance, is of crucial importance 
for fast and reliable therapeutic decisions.
Keywords: burn wound, colonization, wound swabs, Acinetobacter spp, Pseudomonas aeruginosa
Резюме

Целта на настоящото проучване е да се оценят промените във времето в микрофлората на рани 
от изгаряне и да се определи чувствителността на микроорганизмите към най-често използваните 
антибиотици. За период от 8 месеца в Отделението за изгаряния са изпратени за микробиологично 
изследване общо 90 проби (тампони) от рани, взети от 23 хоспитализирани пациенти. Тампоните се 
събират ежеседмично в продължение на 4 седмици или до изписване на пациентите. Изолирането, 
идентифицирането на бактериите и определянето на антимикробната чувствителност са извършени 
съгласно стандартните микробиологични техники. През първата и втората седмица от хоспитализа-
цията, преобладаващият микроорганизъм е Acinetobacter spp., но в края на третата седмица домини-
ращ е Pseudomonas aeruginosa. При пациенти, хоспитализирани за 4 и повече седмици се установи, 
че 7 проби от двама пациенти са положителни (дават двойни и тройни изолати) с по-нататъшно 
разпространение на Acinetobacter spp. Повечето от грам-отрицателни изолати проявяват множест-
вена лекарствена резистентност. Изолатите от Acinetobacter spp са устойчиви, както следва: 100% 
към амоксицилин-клавуланова киселина и към цефалоспорини, 86.4% към цефепим, 91% към ами-
ногликозиди, 88.6% към ципрофлоксацин и ко-тримоксазол и 84% към пиперацилин/тазобактам и 
карбапенеми. Изолатите на P. aeruginosa са устойчиви, както следва: 100% са резистентни на АМС, 
цефуроксим и цефиксим, 95% към ко-тримоксазол, от 9% до 40% към цефалоспорини, 13.6% към 
гентамицин, 9% към ципрофлоксацин и 4.5% към амикацин и карбапенеми. В заключение, знанията 
за бактериалната флора, отговорна за раните от изгаряне, нейното разпространение и бактериална 
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резистентност е от решаващо значение за бързи-
те и надеждни терапевтични решения.
Introduction

Burns are one of the most common and devas-
tating forms of trauma. Patients with serious thermal 
injury require immediate specialized care in order 
to minimize morbidity and mortality (Church et al., 
2016). Bacterial infection remains a major problem 
in the management of burn victims today. Severe 
dysfunction of the immune system, a large cutane-
ous colonization, the possibility of gastrointestinal 
translocation, prolonged hospitalization and invasive 
diagnostic and therapeutic procedures, all contribute 
to infections (Macedo et al., 2003). In patients with 
severe burns over more than 40% of the total body 
surface area (TBSA), 75% of all deaths are currently 
related to sepsis from burn wound infection or oth-
er infection complications and/or inhalation injury 
(Church et al., 2006; Norbury et al., 2016; Sabetha 
et al., 2017). Streptococcus pyogenes was the most 
frequently recognized cause of burn wound sepsis in 
the early part of the last century. Contrary to those 
findings, the isolation of beta-haemolytic streptococ-
ci from burn wounds has now become rare. Over the 
years, however, Staphylococcus aureus and Pseu-
domonas aeruginosa have become the most fre-
quently isolated organisms in most burn units (Law-
rence et al., 1992; Nasser et al., 2003; Agnihotri et 
al., 2004). In various countries, including India, the 
importance of Acinetobacter spp as a rapidly emerg-
ing nosocomial pathogen, has been documented as 
an important cause of nosocomial infection in burn 
units (Mehta et al., 2007). It is therefore essential for 
every burn institution to determine the time-related 
changes in the predominant flora and the antimicro-
bial susceptibility profile. Rational antibiotic thera-
py according to the prevalent strains of organisms 
should help in reducing the mortality and morbidity 
associated with burns (Ulku et al., 2004). 

The aim of this prospective study is to assess 
the time-related microflora changes in burn wounds 
in our setting and to determine the susceptibility pat-
tern to commonly used antibiotics. 
Material and Methods

This prospective study was conducted over a 
period of 8 months (January-August 2016). A total 
of 90 burn wound samples (swabs) collected from 23 
patients admitted to the Burn Unit were sent for mi-
crobiological examination. Out of these 23 patients, 
13 patients were male (56.5%) and 10 patients were 
female (43.5%). In terms of age, 17 patients were 
adults (mean age of 43.5 years) and 6 were children 

(mean age of 4.8 years). The mean total body surface 
area (TBSA) burn was 23% (range 5 to 60%).

Swabs from the burn wounds were collected 
weekly in a period of four weeks or until the patients 
were dismissed from the hospital. A different num-
ber of samples was taken from each patient. One, 
two, three, four and multiple samples were taken 
from 5, 7, 3, 3 and 4 patients, respectively. Pus was 
collected using sterile cotton tipped swabs. The sam-
pling procedure included collection of swab from 
the burn wound site prior to any cleansing. In each 
sampling procedure, the bandages were removed, 
the remnants of topical antimicrobial agents were 
scraped away and the wounds were swabbed before 
washing and applying new topical antimicrobial 
agents. Specimens were immediately transferred to a 
sterile test tube. After collection, tubes were plugged 
properly, labeled and carried promptly to the micro-
biology laboratory. The specimens were subjected to 
direct Gram staining and culture. They were inocu-
lated on Blood agar, Schaedler agar and Sabouraud 
agar (Oxoid). The sample was also put in liquid me-
dia (glycose broth) and was subcultured after over-
night incubation onto Blood agar. After incubation of 
18-48h at 37°C, bacterial pathogens were identified 
by conventional biochemical methods according to 
standard microbiological techniques. Antimicrobi-
al susceptibility was performed on Mueller-Hinton 
agar by the standard disk diffusion method recom-
mended by the CLSI. The following antibiotics were 
tested for Gram-positive cocci (concentration was in 
µg): penicillin 10IE, ampicillin (10), oxacillin (1), 
amoxicillin-clavulanic acid - AMC (20+10), van-
comycin (30), cefadroxil (30), cefpodoxime (10), 
ceftriaxone (30), amikacin (30), clindamycin (2), 
erithromycin (15), ciprofloxacin (5) and cotrimox-
azol (1.25+23.75), and for Gram-negative bacilli: 
amoxicillin-clavulanic acid (20+10), piperacillin-ta-
zobactam (100+10), imipenem (10), meropenem 
(10), cefuroxime (30), ceftriaxone (30), ceftazi-
dime (30), cefixime (5), cefepime (30), gentamicin 
(10), amikacin (30), ciprofloxacin (5), cotrimoxazol 
(1.25+23.75), colistin (10).

The confirmation of precision and accuracy 
of the procedures to evaluate the antimicrobial sus-
ceptibility was made using standard strains of E. 
coli ATCC 25922 and Staphylococcus aureus ATCC 
25923. 
Results 

The predominant cause of burn injuries among 
patients was flame - 9, then explosion of gas - 7, 
scald - 5 and electricity – 2 (Fig. 1). 
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Periodic wound swabs were collected at the 
1st, 2nd, 3rd, and 4th weeks of hospital stay. From 
all 23 patients samples were taken in the first week 
of hospitalization, from 10 in the second week, 
from 6 in the third week and from 2 patients in the 
fourth and fifth weeks. Out of 90 samples, 26 (29%) 
were sterile and 64 (71%) were positive (with one 
or more isolates). In the first week of sampling, a to-
tal of 60 samples were taken, of which 35 (58.3%) 
samples were positive and 25 (41.6%) were sterile. 
In the second week of sampling, out of 14 samples, 
13 (92.9%) were positive and only 1 (7.1%) was 
sterile. In the third week, 9 samples were collected 
and they were all positive (100%). In the last week 
of sampling, out of a total of 7 samples every single 
one was positive (100%) (Fig. 2).

In the first week of hospitalization, out of 35 
positive samples a single isolate was found in 27 
(77%) samples, while 8 (22.8%) samples yielded 
double isolates. The predominant organism was 
Acinetobacter spp, which formed 53.5% of all 
isolates at the end of the first week after admis-
sion, while Staphylococcus spp. and P. aeruginosa 
formed 21% and 16% of all isolates, respectively.

In the second week of hospitalization, out of 
13 positive samples a single isolate was found in 
4 (31%) samples and in 9 (69%) samples two bac-

teria were found. The predominant organism was 
Acinetobacter spp., which formed 50% of all iso-
lates at the end of the second week after admission, 
followed by P. aeruginosa - 27%, while Staphylo-
coccus spp formed 14 % of all isolates. 

In the third week of hospitalization, out of 
9 positive samples a single isolate was found in 5 
(56%) samples and in 4 (44%) samples two bacte-
ria were found. However, by the end of the third 
week, P. aeruginosa had become more predomi-
nant (54%), while Acinetobacter spp. formed 31% 
of all isolates. There were no Staphylococcus spp. 
isolates in the third week of hospitalization.

In a period of four and more weeks of hospi-
talization, 7 samples from 2 patients were positive 
(yielding double and triple isolates). Burn wound 
sampling performed revealed further prevalence of 
Gram-negative bacilli (Acinetobacter spp. - 50% 
and P. aeruginosa - 17%) over Gram-positive bac-
teria (Enterococcus - 17% and Corynebacterium 
spp. - 17%). There were no Staphylococcus spp. 
isolates in the period of four and more weeks of 
hospitalization. Table 1 shows the bacterial isolates 
from the burn that appeared separately throughout 
the weeks.

Figure 3 shows the total number of bacteri-
al isolates that appeared during all four weeks of 
hospital stay. Most of the Gram-negative isolates 

Fig. 1. Most common causes of burn injuries

Fig. 2. Number of positive and sterile samples from 
burn wounds in a period of four weeks

Bacteria
Time of sampling (weeks)

I II III IV 
Acinetobacter 
spp.

23 
(54%)

11 
(50%)

4 
(31%)

6 
(50%)

P. aeruginosa 7 
(16%)

 6 
(27%)

7 
(54%)

2 
(17%)

Proteus / 1 (5%) / /
Enterobacter spp. / 1 (5%) / /
Aeromonas 2 (5%) / / /
Staphylococcus 
spp.  
(CNS+MRSA)

 9 
(21%)

 3 
(14%) / /

Corynebacterium 
gr. JK

1  
(2%) / 1 

(7,7%)
2 

(17%)

Enterococcus / / / 2 
(17%)

Anaerobes 1 (2%) / 1 
(7,7%) /

Total number  
of bacteria

43 
(100%)

22 
(100%)

13 
(100%)

12 
(100%)

Table 1. Number and percentage of bacteria isolat-
ed from wound swabs in different sampling times

9%
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were multidrug-resistant. The percentages of resist-
ance of Acinetobacter spp. isolates were as follows: 
100% were resistant to amoxicillin-clavulanic acid 
and to cephalosporins, 86.4% to cefepime, 91% to 
both amynoglycosides, 88.6% to ciprofloxacin and 
co-trimoxazole and 84% were resistant to piperacil-
lin/tazobactam and carbapenems.

The percentages of resistance of P. aerugino-
sa isolates were as follows: 100 isolates were re-
sistant to AMC, cefuroxime and cefixime, 95% to 
co-trimoxazole, from 9% to 40% to cephalosporins, 
13.6% to gentamicin, 9% to ciprofloxacin and 4,5% 
isolates were resistant to amikacin and carbapen-
ems. 

Not a single strain of Acinetobacter spp. and 
P. aeruginosa was found to be resistant to colistin.

Coagulase-negative Staphylococcus showed 
resistance to a wide range of antibiotics, except to 
amikacin and vancomycin. S. aureus (2 isolates) 
showed high susceptibility to a few antibiotics: 
AMC, amikacin, erythromycin, ciprofloxacin and 
co-trimoxazole. However, all Staphylococci were 
susceptible to vankomycin (Table 2).
Discussion

Contamination of the burn wound is al-
most the rule in major burns. Coagulase-negative 
Staphylococci and S. aureus are the most prevalent  

Fig. 3. Bacterial isolates from the burn wounds

Antibiotics
A. baumanii (n=44) P. aeruginosa (n=22)

Antibiotics
Staphylococcus spp 

(n=12)
R (%) I/S (%) R (%) I/ S (%) R (%) I/S (%)

AMC 100 0 100 0 Penicillin 100 0
PIP/TAZ 84 16 0 100 Ampicillin 100 0
Imipenem 84 16 5 95 Oxacillin 83 17
Meropenem 84 16 5 95 AMC 83 17
Cefuroxime 10 0 100 0 Vancomycin 0 100
Ceftriaxone 100 0 41 59 Cefadroxil 100 0
Cefotaxime 100 0 41 59 Cefpodoxime 100 0
Ceftazidime 100 0 18 82 Ceftriaxone 83 17
Cefixime 100 0 100 0 Cefotaxime 83 17
Cefepime 86 14 9 91 Amikacin 1 83
Gentamicin 91 8 14 86 Clindamycin 100 0
Amikacin 91 8 5 95 Erithromycin 83 17
Ciprofloxacin 89 11 9 91 Ciprofloxacin 83 17
Cotrimoxazol 89 11 95 5 Cotrimoxazol 83 17
Colistin 0 100 0 100

Table 2. Resistance/susceptibility of Gram-negative and Gram-positive bacteria isolated from wound samples



180

organisms colonizing burn wounds in the first week 
following burn injuries (Altoparlak et al., 2004; 
Erol et al., 2004; Macedo et al., 2005; Guggenheim 
et al., 2009; Norbury et al., 2016). These bacteria 
were not predominant in our study. In fact, in the 
first week, only 9 (21%) isolates of Staphylococcus 
spp (2 were MRSA strains and 7 were Staphylococ-
cus coagulase negative) were isolated at the end of 
the first week, and 3 (14%) (2 were MRSA strains 
and 1 was Staphylococcus coagulase negative) in 
the second week after admission to the Burns unit. 
Our findings coincide with many previous studies 
regarding the fact that the growth of Gram-nega-
tives was predominant during the time of longer 
hospitalization with a greater propensity to invade. 
P. aeruginosa was reported as the predominant or-
ganism (Agnihotri et al., 2004; Norbury et al., 2016) 
or Klebsiella as the most common isolate, followed 
by Proteus spp. and Pseudomonas spp. (Ghai et al., 
2015). In other study, P. aeruginosa was the most 
common isolate, followed by Acinetobacter spp. 
and S. aureus (Rajbahak et al., 2014). In our study, 
P. aeruginosa, which was third in the first week, be-
came second in the second week, first in the third 
week and second again in the fourth week. Howev-
er, Acinetobacter spp was the most predominant or-
ganism in the burn wounds of patients in this study. 
As stated by Sengypta et al. (2001), Acinetobacter 
spp. are emerging as an important cause of nosoco-
mial infections in burn units. There are many fac-
tors which may contribute to this increase like its 
presence as a normal skin commensal and its easy 
spread due to multi drug resistance in a hospital set-
ting. Perhaps, the time of admission to burn units 
after the injury and the time of sampling influenced 
the flora of individual burn wounds. That is to say, 
four patients, after one or two weeks after the injury 
and admission to other hospitals, were transferred to 
a burn unit. And, maybe, we missed the time when 
Gram-positive organisms were prevalent. Consider-
ing the fact that we have no data on antibiotic treat-
ment in the period before hospitalization, there is a 
possibility that empirical antibiotic treatment has af-
fected gram-positive bacteria as a normal skin flora. 
Therefore, they are present in a small number in the 
first week of hospitalization. 

The reason for the smaller number of sam-
ples collected in the third week of hospitalization 
was due to the fact that patients were discharged at 
the end of first or second week, because most of the 
patients had smaller percent of TBSA of burn. The 
mortality rate was low (2 patients - 8.7%). These pa-
tients died at the end of second week of hospitaliza-

tion. Only 8 patients were hospitalized for three to 
five weeks. These data are in agreement with other 
studies (Sabetha et al., 2017). Antibiotic-resistant 
organisms such as MRSA and multiply-resistant 
Gram-negative rods, including P. aeruginosa, Acine-
tobacter spp. and various members of the Entero-
bactreriaceae family have been associated with in-
fections of the burn wound and other anatomic sites 
in patients with major thermal injury, occasionally 
in the form of nosocomial outbreaks. Risk factors 
for acquisition of an antibiotic-resistant organism 
include receipt of antibiotics prior to the develop-
ment of infection, extended duration of hospitaliza-
tion, previous hospitalization, invasive procedures, 
comatose state, and advancing age (Church et al., 
2006; Norbury et al., 2016; Sabetha et al., 2017). 

Monitoring of bacterial resistance in the burn 
unit is important both for clinical settings and epide-
miological purposes. Acinetobacter can cause infec-
tions in patients with burns, and it has been of much 
concern because of a rapid increase of resistance to 
a variety of antibacterial drugs. A high percentage 
of resistance among Acinetobacter spp. to amoxi-
cillin-clavulanic acid, cephalosporins, amynogly-
cosides, ciprofloxacin, co-trimoxazole, piperacillin/
tazobactam and carbapenems was detected, which 
coincides with previous reports in which almost all 
isolates of Acinetobacter spp. were completely re-
sistant to most antibiotics used at the 4th week of 
culture (Rajbahak et al., 2014).

Compared to Acinetobacter, Pseudomonas 
spp. were highly resistant to AMC, cefuroxime, ce-
fixime, cotrimoxazole, moderately resistant to ceph-
alosporins, gentamicin, ciprofloxacin, and lowly 
resistant to amikacin and carbapenems. Not a sin-
gle strain of Acinetobacter spp. and P. aeruginosa 
was found to be resistant to colistin. Susceptibility 
to colistin could be due to the fact that this drug is 
used as the last option for multi-drug resistant bacte-
ria in our hospital setting. Considering Staphylococ-
ci, vancomycin was shown to be highly effective. 
This is in accordance with other studies (Ghai et al., 
2015).

To ensure early and appropriate therapy in 
burn patients, frequent evaluation of the wound is 
necessary. Therefore, knowledge of the responsible 
bacterial flora of burn wounds, its prevalence and 
bacterial resistance, is of crucial importance for fast 
and reliable therapeutic decisions. Liaison between 
plastic surgeons, infectious disease physicians, and 
clinical microbiologists is essential to facilitate the 
development of treatment of multi-drug resistant 
pathogens in burn infections. 
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Abstract
The aim of the study was to determine the frequency and antibiotic susceptibilityof urinary pathogens 

isolated from outpatients of both genders divided into three age categories. A prospective study was carried 
out in the period from December 2017 to April 2018 of the Upper Vrbas Region in Bosnia and Herzegovina. 
Midstream samples of urine (1 444) were taken and sent to the microbiologic laboratory for further evalu-
ation. Antibioticssusceptibility patternsaccording to EUCAST standards were observed. Data were analyz-
ed by age and gender. The results showed that E. coli was the most prevalent cause of urinary infections 
in females (86%), followed by Klebsiella pneumoniae (16%). The most prevalent isolates in males were 
caused by Enterobacter spp. (37%), K. pneumoniae (33%), and besides that, strains of Enterococcus genus 
were reported. E. coli showed the highest resistance to ampicillin (77% in females vs. 100% in males) and 
gentamycin (100% in females vs. 45% in males) but also high resistance to cephalosporines (30-50%), 
fluoroquinolones (30%) and penicillin. Enterococcus spp. isolates showed resistance to trimethoprim/sul-
famethoxazole and phosphomycin in males (100%), but were also highly resistant to fluoroquinolone activ-
ity. Isolates of Pseudomonas aeruginosa, Proteus mirabilis, Staphylococcus aureus, Hafnia alvei, Serratia 
marcescens and Acinetobacter spp. showed low resistance percentages. In conclusion, E. coli is the most 
prevalent cause of urinary tract infections, especially in females. In addition to E. coli, a large number of 
female urinary infections are caused by K. pneumoniae, Enterococcus spp. and Enterobacter spp.
Keywords: antimicrobial resistance, Escherichia coli, ESBL strains, Klebsiella pnumoniae, EUCAST, 
urinary
Резюме

Целта на изследването е да се определи честотата и чувствителността към антибиотици на 
пикочните патогени, изолирани от амбулаторно болни от двата пола, разделени в три възрастови 
категории. Проведено е проспективно проучване в периода от декември 2017 г. до април 2018 г. в 
района на Горна Връбас в Босна и Херцеговина. Взети са средни проби от урина (1 444) и са изпра-
тени в микробиологична лаборатория за допълнителна оценка. Наблюдавани са модели на чувст-
вителност към антибиотици съгласно стандартите на EUCAST. Данните са анализирани по възраст 
и пол. Резултатите показват, че Escherichia coli е най-разпространеният причинител на уринарни 
инфекции при жени (86%), следвана от щамове Klebsiella pneumoniae (16%). Най-разпространените 
причинители при мъжете са Enterobacter spp. (37%) и K. pneumoniae (33%), като освен тях се съоб-
щават щамове от род Enterococcus. E. coli показва най-високата резистентност към ампицилин (77% 
при жените срещу 100% при мъжете) и гентамицин (100% при жените срещу 45% при мъжете), но 
също така и висока устойчивост към цефалоспорини (30-50%), флуорохинолони ( 30%) и пеници-
лин. Изолатите от Enterococcus spp. от мъже показват 100% резистентност към триметоприм/сул-
фаметоксазол и фосфомицин и висока устойчивост към флуорохинолонова активност. Получените 
данни за изолати от Pseudomonas aeruginosa, Proteus mirabilis, Staphylococcus aureus, Hafnia alvei, 
Serratia marcescens и Acinetobacter spp. демонстрират ниска степен на резистентност. В заключение 
може да се отбележи, че E. coli е най-разпространеният причинител на инфекции по пикочните 

* Corresponding author: sabina.mahmutovic@mf.unsa.ba
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пътища, особено при жените. Освен това, голям 
брой пикочни инфекции при жените се причи-
няват от Klebsiella pneumoniae, Enterococcus 
spp. и Enterobacter spp.
Introduction

Urinary tract infections (UTI) are very prev-
alentand occur approximately in 150 million peo-
ple per year (Flores-Mireles et al., 2015). They are 
more common in females than in males and are 
caused by bacterial pathogens with high adherence 
potential (Colgan and Williams, 2011). Most com-
monly, they occur in between the ages of 16 and 35, 
and reinfections are frequent. Healthy people with 
a strong immune response generally have no prob-
lem fighting an invasion of any bacteria. It should 
be known that the urine is naturally sterile and its 
environment is suitable for growth and division of 
bacteria, whether commensals or pathogens.

Bacterial adhesion is a key role in any patho-
genesis of UTI. Urinary tract infection usually be-
gins with periurethral contamination of the urinary 
pathogen originating from the intestine, followed 
by urethra colonization and later migration of the 
pathogen into the bladder, an event requiring the 
presence of flagellas or pilots. In the urinary blad-
der, the consequence of a complex interaction of 
the pathogen-host is either a successful coloniza-
tion of the uropathogen or its elimination. A large 
number of bacterial adhesins recognize receptors 
on the bladder epithelium (also known as uroepi-
thelium) and mediate colonization. Uropathogens 
such as uropatogenic Escherichia coli-UPEC have 
survived the invasion of the bladder epithelium, 
creating toxins and proteases to release nutrients 
from the host cell and synthesizing siderophores 
for iron supply. Uropathogens may subsequently 
reach the kidney safter frequency division and re-
capturing through adhezine or colonization of the 
kidney epithelium, producing toxins that damage 
the tissue. As a result, uropathogens can cross the 
intestinal epithelial barrier to access the blood-
stream, initiating bacteraemia. Uropathogens that 
cause uncomplicated urinary infections, including 
UPEC, Klebsiella pneumoniae and Staphylococcus 
saprophyticus, have the ability to bind directly to 
the kidney epithelium. 

UPEC and K. pneumoniae bind to the urop-
lakins, the main protein components of the apical 
membrane surface cells (Khandelwal et al., 2009), 
which form a crystal sequence that protects mam-
malian urinary bladder tissue from harmful urinary 
agents (Lee, 2011). In addition to uroplakins, α3β1 
integrins expressed on the surface of uroepithelial 

cells can also serve as receptors for UPEC (Eto et 
al., 2007). In contrast, complicated urinary infec-
tions are initiated when the bacteria bind to the uri-
nary catheter, kidney stone or bladder stone or when 
they are retained in the urinary tract by physical ob-
struction. Some pathogens (UPECs) may also cause 
uncomplicated and complicated urinary infections. 
However, others such as Pseudomonas aeruginosa, 
Proteus mirabilis, and Enterococcus spp. mainly 
cause complicated urinary infections. They often 
form biofilms that are responsible for colonization 
and persistence (Jacobsen and Shirtliff, 2011; Niv-
editha et al., 2012).

Uropathogenic E. coli from the intestine 
causes 80-85% of the urinary tract infections, to-
gether with S. saprophyticus as a causative agent of 
5-10% of infections (Nicolle, 2008; Abraham and 
Miao, 2015). Urinary infections can be caused by a 
huge number of pathogens: E. coli (27%), Klebsiel-
la (11%), Pseudomonas (11%), Candida albicans 
(9%), Enterococcus (7%) (Bagshaw and Laupland, 
2006; Salvatore et al., 2011; Sievert et al., 2013). 
Urogenital tract infections caused by Staphylococ-
cus aureus usually occur as secondary infections 
that are transmitted by blood (Lane and Takhar, 
2011).

Antimicrobial resistance (AMR or AR) is 
the ability of particular microorganisms (bacteria, 
fungi, viruses or parasites) to resist the effects of 
drugs (antibiotics, antifungicides, antiviral drugs) 
that could successfully fight such microorganisms 
(CDC, 2017). The term antibiotic resistance (AR 
or ABR) is a subset of antimicrobial resistance, 
and refers to resistance to antibiotic resistant bac-
teria. Resistant microorganisms are more difficult 
to cure, require alternative treatments or higher 
doses of antimicrobial drugs. These approaches 
can be more expensive, more harmful, or both. Mi-
croorganisms resistant to multiple antimicrobial 
drugs are termed multi-resistant microorganisms or 
MDRs (multidrug-resistant). Those that are exten-
sively resistant to antimicrobial drugs are referred 
to as extensively drug-resistant-XDR, and those 
that are fully resistant to all antimicrobial drugs 
are labeled totally drug-resistant-TDR and in sci-
ence they are termed "superbugs". New resistance 
mechanisms appear constantly and are widespread 
globally, threatening the treatment of contagious 
diseases, resulting in longer-lasting illness, disabil-
ity, and even death. Without effective antimicrobial 
agents for the prevention and treatment of infec-
tions, medical procedures such as organ transplan-
tation, cancer chemotherapy, diabetes treatment, 
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and even surgical procedures, become a major risk 
of infection. Antimicrobial resistance increases the 
cost of health care, prolonging hospital stay and the 
need for more intensive care. Drug-resistant micro-
organisms are found in humans, animals, food, and 
even in the environment (water, soil and air). They 
can spread between humans and animals by eating 
animal food, but also from person to person. Poor 
infection control, inadequate sanitation, and inade-
quate handling of food stimulate the spread of anti-
microbial resistance (WHO, 2018).

The resistance of K. pneumoniae to carbap-
enem antibiotics has spread to all regions of the 
world. K. pneumoniae is the major cause of hospital 
infections such as lung inflammation, blood infec-
tions and infections in newborns and intensive care 
patients. Resistance of E. coli to fluoroquinolone 
antibiotics (one of the most common antibiotics for 
urinary tract infections) is very widespread. There 
are countries in many parts of the world where this 
treatment is ineffective in more than half of the pa-
tients. 

According to the ECDC report for 2016, in 
Europe E. coli has shown resistance to quinolones 
of 59.8%, ciprofloxacins 64%, ampicillin 58%, sul-
phamethoxazole 49.9%, tetracycline 47.1% and 
trimethoprim/sulfamethoxazole 47.1 %. It could 
also be established that there are 24 significantly 
decreasing and 10 increased levels of ampicillin re-
sistance among the 11 EU member states.

The aims of the study were to obtain the fol-
lowing: to determine the frequency of pathogens in 
the etiology of UTI of the Upper Vrbas Region in 
BiH in outpatient population in relation to gender 
and age distribution; to determine the difference in 
the frequency of isolated pathogens in the etiolo-
gy of urinary infections in the time interval of the 
study, and investigate the antimicrobial sensitivity 
of isolated strains to applied antibiotics and chem-
otherapeutics.
Material and Methods

The prospective study was carried out inves-
tigating the outptient population of different gender 
and age in the period from January 2017 to April 
2018. 

The study included 1 444 urine specimens. 
Antibiotics susceptibility patterns according to EU-
CAST standards were observed. Midstream urine 
specimens of all patients were evaluated by the 
microbiologists in the laboratory of the hospital of 
Bugojno, Upper Vrbas Region. The disc diffusion 
test was applied to determine antimicrobial suscep-
tibility, as described by the National Committee for 

Clinical Laboratory Standards. The Hospital Mi-
crobiology Laboratory in Bugojno used two meth-
ods to prove ESBL strains of bacteria: the double 
disk method (DDST) and the combined disk meth-
od. For the method of combined discs, the micro-
biology laboratory Hospital used MASTDISCSTM 
ID ESβL tests (Mast Group, UK).

Statistical data analysis was performed based 
on the collected data from medical documentation 
(referrals, findings, protocols) and laboratory anal-
yses. Microsoft Office Excel 2010 and SPSS 2.0 
(Statistical Package for the Social Sciences) pro-
grams were used. The results of the research and 
statistical analysis are presented in text, by tables 
and charts, as absolute numbers (N) and percent-
ages (%).
Results

E. coli, K. pneumoniae, Acinetobacter spp., H. 
alvei, S. marcesecens, yeast Candida spp., bacteria 
from the genera Enterococcus, Enterobacter, Strep-
tococcus, Staphylococcus, Proteus, Pseudomonas, 
were isolated from urine cultures of outpatients of 
different gender and age. Out of 1 444 urine cul-
tures, 358 were positive isolates during the period 
of testing from December, 2017 to April, 2018. The 
statistical difference was established in meaning of 
the percentage of positive urine cultures by months 
of research (34% in December; 22% in January; 
25% in February, 21% in March and 26% in April) 
and the arithmetic mean was 25%.

The percentage of all isolated microorgan-
isms according to gender distribution for the period 
from December to April is presented in Figs. 1-5. 

According to sample size, patient age data 
were divided into three age categories asfollows: up 
to 14 years, from 14 to 65, and over 65 years of age. 
High resistance rates were recorded after antibiotic 
susceptibility testing. The resistance profile of E. coli 
in Figs. 6 and 7 reveal a high resistance rate in fe-
males and males, divided by age categories.

Fig. 1. The percentage of all isolated pathogens ac-
cording to gender distribution (December, 2017)
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Discussion
During this prospective study, for a period of 

five months a total of 1 444 urine cultures from 358 
isolated pathogens of UTI in different genders and 
age groups of outpatients of Upper Vrbas Region 
were evaluated. The most common cause of urinary 
infections was primarily E. coli, but other bacterial 
species from the Enterobacteriaceae family were 
also isolated. Isolation and identification of UTI 
pathogens was performed based on their biochem-
ical properties, but also with visible morphological 
characteristics on nutrient media. By analysing the 
data the presence of isolated pathogens in patients 
of different genders was revealed. The most preva-
lent UTI pathogen in females during the test period 
was certainly E. coli, followed by high rates of K. 
pneumoniae. 

Pathogens such as H. alvei, S. marcescens, 
Candida spp., and Streptococcus strains were iden-
tified only in females. For comparison, the most 
prevalent cause of UTI in males was K. pneumo-
niae, but also bacteria from the genus Enterococ-
cus and Enterobacter were recorded at high rates, 
showing greater prevalence in relation to females. 
Acinetobacter spp. was reported as a causative 
agent in males, without isolation in females. In 

Fig. 2. The percentage of all isolated pathogens ac-
cording to gender distribution (January, 2018)

Fig. 3. The percentage of all isolated pathogens ac-
cording to gender distribution (February, 2018)

Fig. 4. The percentage of all isolated pathogens ac-
cording to gender distribution (March 2018)

Fig. 5. The percentage of all isolated pathogens ac-
cording to gender distribution (April 2018)

Fig. 6. Resistance profile of E. coli in females by 
age groups

Fig. 7. Resistance profile of E. coli in males by age 
groups
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addition to these pathogens, P. aeruginosa, P. mi-
rabilis and S. aureus were also isolated, almost 
equally in both genders. Since E. coli was the most 
prevalent cause in females, it was found that this 
bacterium caused most UTI in the age group 14 to 
65 years, but a high rate was also observed in the 
group over 65 years of age. E. coli in males is not 
a common cause of urinary infections, and in this 
study it was mostly represented in the age group 14 
to 65 years. K. pneumoniae was observed at high 
rates in females in age groups 14 to 65 years, and 
over 65 years, while in males in the age group 14 
to 65 years. Enterococcus spp. is a cause of urinary 
infections in males, mainly in the age group 14 to 
65 years, while in females it is almost the same in 
all age groups, but at a low rate.

Resistance to antibiotics is a major problem in 
the treatment and prevention of urinary infections. 
Bacteria have the ability to continuously develop 
new ways and types of antimicrobial resistance, 
as well as the ability to spread the resistance gene 
by exchanging it with other bacteria. Resistance 
to antibiotics is increased by excessive antibiotic 
use, but also by the absence of newly synthesized 
compounds with antimicrobial activity. During this 
study, sensitivity to a large number of antibiotics 
was tested in different groups, and high percentages 
of resistance rates were recorded. 

E. coli and K. pneumoniae showed high re-
sistance rates to a wide spectrum of antibiotics and 
the reason was the isolation of extended-spectrum 
beta-lactamases (ESBL) of these bacteria. 

E. coli was most resistant in females and 
males in the elderly group over 65 years. The high-
est resistance rates were observed for ciprofloxa-
cin and norfloxacin (about 30%), ampicillin (69%) 
and gentamicin (100%) in females in the above 
mentioned group. A high rate of resistance to 11 
antibiotics and the highest rates of resistance to 
nitrofurantoin above 50%, amoxicillin-clavulanic 
acid, ciprofloxacin and norfloxacin (over 60%) and 
ampicillin (100%) were recorded in males in this 
group. 

In the age group 14 to 65 years, the highest 
percentage of resistance of about 50%was observed 
in both genders to trimethoprim/sulfamethoxazole. 
High rates of resistance to cephalosporins have 
been reported especially in males, where they ex-
ceed 40%. 

Nowadays, approximately 50% of E. coli 
has gained resistance to ampicillin in many parts 
of the world. Since resistance to ampicillin in E. 
coli is mediated by the production of broad-spec-

trum beta-lactamase, belonging to class A and sen-
sitive to inhibitors such as clavulanic acid, the ad-
dition of clavulanate greatly protected ampicillin 
and reversed its efficacy. Consensus about UTI is 
difficult to reach, and the European Committee on 
Antimicrobial Sensitivity Testing (EUCAST) sev-
eral times changed the border concentrations and 
interpretation of the sensitivity of enterobacteria to 
this antibiotic.

In our study, resistance to ciprofloxacin, levo-
floxacin and norfloxacin by Enterococcus spp. was 
found at 75% in males in the ages 14 to 65, and over 
65 years, and exceptionally high resistance rates 
(100%) to trimethoprim/sulfamethoxazole and 
phosphomycin in the age group above 65 years. In 
this age group resistance to ciprofloxacin and nor-
floxacinwas also found in females. 

Lower resistance rates (25%) in males were 
found to ampicillin, vancomycin and amoxycil-
lin-clavulanic acid. Similar research suggests that 
Enterococci are intrinsically resistant to some pen-
icillins, all cephalosporins and in small amounts to 
aminoglycosides. In fact, they have the ability to 
develop resistance to most other classes of antibi-
otics (Linden, 2007; Chou et al., 2008). Because 
of the low affinity levels for penicillin binding 
proteins (PBPs), they can develop intrinsic resist-
ance to most beta-lactam antibiotics. P. aeruginosa 
has shown resistance to the action of levofloxacin, 
piperacillin-tazobactam, cefepime and ceftazidime 
antibiotics in our isolates. Similar results were 
found during the study from 2005 to 2010, where 
resistance to cepefime, ceftazidime and piperacil-
lin-tazobactam remained unchanged at a rate of 23 
to 26%. P. aeruginosa is intrinsically resistant to 
numerous beta-lactam antibiotics including amox-
icillin, first and second generation cephalosporins, 
cefotaxime, ceftriaxone and ertapenem. P. aerugi-
nosa also has the ability to obtain beta-lactamase, 
including ESBL and carbapenemase (Ruppé et al., 
2013). The reduced permeability of the outer mem-
brane caused by qualitative or quantitative chang-
es of the OprDporin, which controls the passage 
of imipenem through the outer membrane, gives 
P. aeruginosa basal resistance to carbapenems, es-
pecially to imipenem (Li et al., 2012). Resistance 
of P. aeruginosa to fluoroquinolone significantly 
increased over time, from about 22% in 2005 to 
33% in 2010. Resistance to imipenem remained 
unchanged at a rate of 20%. However, the SMART 
study has shown that the activity of selected anti-
microbial drugs varies in different regions of the 
world. In South Africa, during the 2004-2009 pe-
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riod, resistance to piperacillin-tazobactam was 
approximately 8%, while resistance to cefepime, 
ceftazidime and imipenemwas approximately 25%, 
and 27% to amikacin. 

During the relatively same time period (2002-
2009), in China, P. aeruginosa resistance to amik-
acin was 12% and to piperacillin-tazobactam was 
8% (Babinchak et al., 2010; Morrissey et al., 2013).

P. mirabilis was resistant to trimethoprim/
sulfamethoxazole, nitrofurantoin, cefotaxime, gen-
tamicin, ceftriaxone, ceftazidime, ciprofloxacin, 
levofloxacin and norfloxacin antibiotics according 
to our results. Resistance to beta-lactams (penicillin 
and cephalosporin), fluoroquinolones, nitrofuranto-
in, phosphomycin, aminoglycosides, tetracycline 
and sulphonamides (Schito et al., 2009; Ma and 
Wang, 2013; Adamus-Bialek et al., 2013) is de-
scribed. These results coincide with ours. P. mira-
bilis is also highly resistant to antimicrobial pep-
tides, including polymyxin B, protegrin, LL-37 and 
defensin (McCoy et al., 2001; Belas et al., 2004). 
This resistance relies on LPS modification and ex-
tracellular protease such as ZapA. The issues of the 
increasing antibiotic resistance to this organism are 
largely similar to those to UPEC.

Candida spp. is actually a commensal mem-
ber of the gastrointestinal microbiota and home-
ostasis with the host. However, this homeostasis 
can be disturbed, where the yeast can pass through 
the intestinal mucous barrier and cause dissemina-
tion (Yan et al., 2013; Schulte et al., 2015). Con-
sequently, invasive candidiasis is considered to be 
predominantly from this reservoir (Miranda et al., 
2009). H. alvei ESBL has been recorded as a cause 
of urinary infection in a female patient over the age 
of 65. Thus, the bacterium was only susceptible to 
imipenem and medium sensitive only to amikacin, 
while resistance was recorded to a variety of anti-
biotics including amoxicillin-clavulanic acid, cef-
triaxone, gentamicin, trimethoprim/sulfamethoxaz-
ole, ciprofloxacin, cefalecin, cefuroxime, cefixim, 
norfloxacin, phosphomycin, ceftazidime, cefotax-
ime, cefepime, cefoxite, levofloxacin, moxifloxacin 
and piperacillin/tazobactam. H. alveolus is often a 
cause of urinary infections, and a number of studies 
are being discussed. It is isolated from the commu-
nity of microorganisms that cause urinary system 
and hemolytic-uremic syndrome infections (Cran-
dall et al., 2006). This bacterium can cause urinary 
tract infection, but also sepsis in infants (Laupland 
et al., 2006). The Laboratory Survey of 2006 by 
the Institute for Clinical and Laboratory Standards 
showed that H. alvei was isolated at a rate of 81% 

as a cause of urinary tract infection. In the Auda 
Al-Grawistudy (2008) of a total of 250 bacterial iso-
lates 220 H. alvei isolates were reported in urinary 
infections patients. The bacteria showed sensitiv-
ity to cefotaxime, ciprofloxacin, chloramphenicol, 
trimethoprim/sulfamethoxazole and doxycycline, 
and resistance to penicillin, oxacillin and amoxicil-
lin. Many studies of antimicrobial sensitivity have 
shown the same results as this study (Girlich et al., 
2000; Janda and Abbott 2006). 

S. marcescens was also reported as a cause 
of UTI, in the age group of females above 65 years 
of age. The bacterium was only sensitive to the ac-
tion of three antibiotics, namely amikacin, imipen-
em and piperacillin/tazobactam. On the other hand, 
bacteria have shown resistance to a variety of an-
tibiotic agents including ceftriaxone, gentamicin, 
trimethoprim/sulfamethoxazole,ciprofloxacin, lev-
ofloxacin, phosphomycin, norfloxacin, cefixim, 
cefepim, cefotaxim and ceftazidim. 

Many of the clinical isolates of this micro-
organism carry chromosomal and plasmid-encoded 
determinants that determine resistance to a broad 
spectrum of antibiotics (Mahlen, 2011), producing 
ESBL and MBL. For example, a study in Poland 
between 1996 and 2000 in two hospitals showed 
a rate of 19% (67/354) S. marcescens isolates pro-
duced by ESBL (Naumiuk, 2004). Similarly, in Tai-
wan, from 2001 to 2002, the rate of 12% (15/123) 
indicated the strains of this bacterium produced 
by ESBL, resulting in mortality of 33% (Cheng 
et al., 2006). During the second half of the 1990s, 
an increasing number of epidemics of this imipe-
nem-resistant microorganism (Troillet, 1999) and 
extended spectrum beta-lactamases (Pagani et al., 
1994; Luzzaro et al., 1998) were reported. During 
the research that lasted 12 years, more precisely in 
the period from 1991 to 2002, 4 972 urinary tract 
infections were caused by S. marcescens. 

According to the Croatian research by Pas-
tuović et al. (2008), a total of 28 097 samples of 
urine were processed in 2007. The most common 
isolate was E. coli (46.5%). Out of 3 367 indi-
viduals with E. coli isolates, 2 595 were female 
(79.98%) and 674 were male (20.02%). E. coli is 
highly resistant to amoxicillin (57.8%), followed 
by sulfamethoxazole/trimethoprim (33.8%) and ce-
phalexin (10.8%). 

According to research in Europe for the past 
twenty years, the resistance of isolated bacteria 
from the family of Enterobacteriaceae has occurred 
in about 30% of isolated strains with a constant ten-
dency of growth, which was officially confirmed in 
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2001. Then, extreme resistance of certain bacterial 
isolates to antimicrobial agents ranged from 66.6 to 
92.3%. According to the European Survey on An-
tibiotic Sensitivity (ESGNI-003), 54.8% of E. coli 
isolates showed resistance to ampicillin, 14.2% to 
amoxicillin, and 2.8% to trimethoprim sulfameth-
oxazole (Buoza et al., 2001).
Conclusion

E. coli is the most prevalent cause of uri-
nary infections, especially in females. Additional-
ly, a large number of female urinary infections are 
caused by K. pneumoniae, Enterococcus spp. and 
E. aerogenes.The largest number of urinary infec-
tions in males are caused by Enterobacter spp. and 
K. pneumoniae. Individual infections caused by P. 
mirabilis, P. aeruginosa, S. aureus, Streptococcus 
spp., Acinetobacter spp. and H. alvei are document-
ed. E. coli is the most common cause in the age 
group 14 to 65 years in both genders. The highest 
resistance rates of E. coli have been reported in the 
activity of ampicillin (70% females, 100% males) 
and gentamicin (100% females, 45% males), but 
high resistance rates to a large the number of cepha-
losporins (30 to 50%, depending on the antibiotic), 
as well as to the fluoroquinolones (30%).
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Abstract
This study aimed at isolating fungi from cocoa pod husks, screen for their ability to degrade cellulose, 

optimize, produce and purify cellulase. Cocoa pod husks were obtained from Badeku area of Oyo State. 
The isolates that showed consistent zone of hydrolysis and negative for aflatoxin production were used for 
cellulase production. 

Cellulase activity was measured in terms of FPUase and CMCase. A total of 23 fungal isolates were 
obtained from cocoa pod husk out of which 12 showed a consistent zone of hydrolysis. The fungal isolates 
were: Aspergillus niger CH2, A. niger CH4, A. flavus CH5, Fusarium oxysporium CH8, A. niger CH10, 
A. flavus CH13, A. niger CH15, Phytophthora sp. CH16, A. niger CH18, A. niger CH20, A. flavus CH21, 
A. niger CH23. A. niger CH4 and F. oxysporium CH8 were the isolates used in this study. Incubation time, 
pH, temperature and substrate concentrations were the parameters used for the optimization of cellulase. 
The preferred optimized conditions determined for the production of cellulase by A. niger CH4 were 96 
hrs, pH 5.5, 30°C and 5% CPH concentration while for F. oxysporium CH8 they were 72 hrs, pH 5.9, 30°C 
and 4% CPH concentration. Endoglucanase activity was higher in F. oxysporium CH8 while exoglucanase 
was higher in A. niger CH4. The purification of the ammonium sulphate purified cellulase enzyme using 
Sephadex G-200 gel filtration increased A. niger CH4 cellulase activity by 1.49-times while that of F. ox-
ysporium CH8 increased by 1.63-times. A. niger CH4 and F. oxysporum CH8 can be used for the production 
of cellulose.
Keywords: Cellulose, cellulase, cellulolytic fungi, cocoa pod husk
Резюме

Целта на настоящото проучване е да се изолират щамове гъби от какаови шушулки, да се 
проучи способността им да разграждат целулоза, да се оптимизират условията за култивиране и да 
се получи пречистена целулаза. Какаовите шушулки са от района на Badeku, щата Oyo, Нигерия. 
Изолатите, които показват постоянна зона на хидролиза и са отрицателни за производството на афла-
токсин, са използване за получаване на целулаза. 

Целулазната активност се измерва по отношение разграждането на карбоксиметил целулоза 
(КМЦ активност) и на филтърна хартия (ФХ активност). Получени са общо 23 фунгални изолати, 
от които 12 показват постоянна зона на хидролиза на целулозата. Тези изолати са идентифицирани 
като Aspergillus niger CH2, A. niger CH4, A. flavus CH5, Fusarium oxysporium CH8, A. niger CH10, 
A. flavus CH13, A. niger CH15, Phytophthora sp. CH16, A. niger CH18, A. niger CH20, A. flavus CH21, 
A. niger CH23. В следващите експерименти са използвани щамовете A. niger CH4 и F. oxysporium 
CH8. Оптимизирани са параметрите на ферментацията - време на инкубация, рН, температура и 
концентрация на субстратите. Предпочитаните условия, определени за производството на целулаза 
от A. niger CH4 са 96 часа култивиране при pH 5.5, 30°C и 5% концентрация на какаова шушулка, 
докато за F. oxysporium CH8 са 72 ч, pH 5.9, 30°C и 4% концентрация на какаова шушулка. Ендо-
глюканазната активност е по-висока при F. oxysporium CH8, докато екзоглюканазата е по-висока 
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при A. niger CH4. За получаване на пречистен 
целулазен ензим след утаяване с амониев сул-
фат се използва гел-филтрация със Sephadex 
G-200, при което активността на целулазата на 
A. niger CH4 се повишава 1.49 пъти, докато тази 
на F. oxysporium CH8 се увеличава с 1.63 пъти. 
A. niger CH4 и F. oxysporum CH8 могат да бъдат 
използвани за производството на целулаза.
Introduction

Cellulases are a class of enzymes (produced 
majorly by microorganisms e.g. fungi, bacteria, 
protozoan) that speed up the degradation of cellu-
lose and some other polysaccharides. Some plants 
and animals are also able to produce cellulases. 
Cellulases are hydrolytic enzymes responsible for 
the decomposition of the natural cellulose polymer 
by acting on 1, 4 β-D-glucosidic linkages which is 
finally converted into glucose monomer. The pro-
duction and applications of cellulases are impor-
tant in the bioprocessing industries, preparation of 
medicines, waste treatment, food production, paper 
industries, perfumes, baking (Picart et al., 2007).

Cellulose, the major component of plant cell 
walls, is the most abundant polysaccharide in na-
ture and a source of renewable bioenergy (Priit et 
al., 2001) and a linear polysaccharide composed 
of β-1, 4-linked glucose molecules (Olanbiwoninu 
and Odunfa, 2016). 

Fungal cellulases are the most involved in the 
degradation of lignocellulosic materials. Examples 
of lignocellulose are cocoa pod husks, corn cobs, 
rice husks, sugarcane bagasse, citrus zest, mango 
pills etc. which are mostly agricultural wastes and 
wastes from various industrial processes. Some-
times, the bulk of these fruits are wastes dumped 
indiscriminately in the environment; this is respon-
sible for the ready availability of many lignocel-
lulosic materials to be used as substrate for large-
scale production of value-added products. Cocoa 
(Theobroma cacao L.) is one of the cash crops in 
Nigeria cultivated majorly in the south western part 
of the country (Oyewole et al., 2012). Cocoa pod 
husk as a by-product of cocoa processing has vast 
quantities of sugars occurring as structural polysac-
charide - cellulose and hemicellulose (Igbinadolor, 
2012). Cocoa is an important plant in Indonesia, 
and the country is the second largest producer of 
cocoa beans in the world after Ivory Coast (FA-
OStat, 2012). This indicates that a large quantity of 
cocoa pod husk is also produced in the country as 
a by-product. The total area of cocoa plantations in 
2011 was about 1.68 million hectars (Agricultural 
Ministry, 2012), which equals at least 4.54 million 

tonnes of dried cocoa pod husk.
Among the different ligno-cellulosic raw ma-

terials, cocoa pod husk is known as a rich source of 
biomass very much available in Nigeria as agricul-
tural waste residues in farms with vast quantities 
of sugars occurring as structural polysaccharide, 
cellulose and hemicellulose (Igbinadolor, 2012). In 
West Africa, an estimated 6.7 million metric tons of 
cocoa pod husk is generated as a by-product of co-
coa cultivation (Hamsat and Adeola, 2011). These 
wastes are usually left unattended and later dis-
posed of by burning which increases the problem 
of greenhouse effect. It is estimated that 0.8 to 1.0 
million tonnes of cocoa pod husk (CPH) is gener-
ated annually in cocoa farms in Nigeria (Igbinado-
lor, 2012). Cocoa pod husk (CPH) is an agro-based 
by-product which can be incorporated into layers 
diets to reduce the maize requirement. Very few 
of the potentials locked up in this by-product have 
been exploited (Egbe and Olubamiwa, 1989). Re-
search conducted in Nigeria has shown that crushed 
CPH could be integrated into livestock feeds. Also, 
animal feeding trials have been carried out in Ghana 
and Brazil (Egbe and Olubamiwa, 1989). 

The growing interest in the use of bio-
mass-based materials like cocoa pod husk (CPH) 
for bio-ethanol production, especially when accru-
ing as wastes from the agricultural sector is gener-
ally a welcome development. Biomass feedstocks 
are one of the most abundant renewable resources 
in the world; not only as an alternative source of 
energy but also have remarkable potentials to miti-
gate greenhouse gas emissions and contribute to the 
development of organic chemical industries. How-
ever, before lingo-cellulosic materials can be effec-
tively utilized, there is a need for some conversion 
processes. 

The indiscriminate disposal of cocoa pod 
husk has been a major environmental concern be-
cause cocoa pod husk cannot be digested efficient-
ly by animals due to its relatively high content of 
fibre. Also, cellulase of chemical origin is expen-
sive and has been an obstacle for conversion of bio-
mass into value -added products. The use of readily 
available lignocellulosic materials (e.g. cocoa pod 
husks) as substrate for the production of cellulase 
requires less energy, saves cost and significant-
ly reduces environmental pollution. If cellulase is 
produced directly from CPH and then applied to 
further degrade the CPH cellulose, the cost of cel-
lulase will be significantly reduced, the cost of live-
stock feed will drop, and a significant level of waste 
lying fallow and constituting a nuisance in our en-
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vironment will be reduced leading to a significant 
decrease in the greenhouse effect. Also, there will 
be an increase in the profit of the local farmers who 
are the major producers of this by-product because 
the whole cocoa fruit will be economically signif-
icant. Therefore, this present study was aimed to: 
(i) isolate fungi from cocoa pod husks, screen for 
their ability to degrade cellulose; (ii) optimize the 
different conditions for cellulase production using 
cocoa pod husk as substrate, produce and purify the 
cellulase.
Materials and Methods
Sample collection

Healthy and rotten samples of lignocellulo-
lytic material (cocoa pod husk) were obtained from 
Badeku area, Ona-ara Local government, Ibadan, 
Oyo State. Samples were brought to the laboratory 
in sterile polyethylene bags. 
Preparation of lignocellulolytic substrate

Fresh cocoa pod husks were washed to re-
move dirt. These cocoa pod husks were sun-dried 
and weighed until consistent weight was obtained. 
Then, they were cut into small strips with a sterile 
razor blade. The cocoa pod husks were oven-dried 
at 150ºC for 2 hrs, milled to powder and kept in 
sterile ziploc bags prior to the time of use (Sai et 
al., 2015).
Isolation of fungi

Potato Dextrose Agar (PDA, Oxoid) was 
used as the medium for isolation of fungal isolates 
and it was prepared according to the manufacturer’s 
description. Isolation was carried out by the method 
of Aneja (2005) using serial dilution and pour plate 
methods. One g of cocoa pod husk was used to pre-
pare stock solution by adding it to 9 ml of sterile 
distilled water in sterile test tubes.
Screening for cellulolytic fungi

This was done using carboxymethyl cellulose 
agar (CMC) according to the method of Tirthesh 
and Ramendra (2015). The medium was sterilized 
at 121ºC for 15 min and allowed to cool before 
being poured into sterile Petri-dishes and allowed 
to solidify. Five mm cock borer was flamed then 
used to bore holes in the solidified CMC-agar 
plates and in the pure culture of three-day old fun-
gi isolates. Agar blocks from three- day old fungal 
isolate plates was then transferred to the center of 
the CMC-agar and incubated at 37ºC for 72 hours. 
Screening was done by staining the CMC-agar 
plates with 1% Congo-red dye for 1 hour and then 
further de-stained using 1M NaCl for 30 min. Clear 

zones were observed, measured and values were re-
corded.
Morphological and cultural characterization of 
isolates

Colonies developing on the plates were 
grouped on the basis of their morphology. Cultur-
al features observed were front, back, color pattern 
of mycelia growth, colony diameter, and color of 
spores and production of color pigment, presence 
or absence of odor. Microscopic identification was 
done using 0.1% lactophenol cotton blue stain cov-
ered with coverslip and then observed under micro-
scope using x40 objective lens. This was done for 
the different isolates and observations were record-
ed with reference to Leslie and Summerell (2006), 
Sharma and Pandey (2010).
Aflatoxin vapor color change test

This was done according to the method of 
Abbas et al. (2004). Isolates were grown as single 
colonies on PDA plates. One drop of NH4OH was 
put on the cover of the plate and the plate was left 
inverted. Change in the color of the underside of 
the plates into brownish/yellowish or pink/red con-
firmed the aflatoxin producing isolates. 
Fermentation and extraction of cellulase

Production of cellulase was done using the 
submerged fermentation method of Quratu-ul-ain 
et al. (2013) using Vogel’s Medium. Five ml of se-
lected fungi spore suspension were inoculated into 
250 ml Erlenmeyer flasks which contained 100 ml 
of Vogel’s medium. The spore suspension was pre-
pared by flooding the pure fungal plates with 10 ml 
of sterile distilled water and filtered to remove the 
mycelia. The medium was sterilized at 121ºC for 
15 min before inoculating with the fungal isolates. 
After fermentation, the medium was centrifuged at 
4000 rpm at 4ºC for 15 min. The supernatant was 
collected and used for determination of enzyme ac-
tivity.
Determination of cellulase activity

This was done according to the DNS method 
of Miller (1959), Ghose (1987), Adney and Baker 
(2008). The DNSA reagent used for the determina-
tion of reducing sugar was composed of dinitrosali-
cylic acid, Rochelle salt, phenol, sodium bisulphate 
and sodium hydroxide.
Filter paper assay for saccharifying cellulase

Whatman No. 1 filter paper strip, 1.0 x 6.0 
cm (=50mg) was used as substrate. The filter paper 
was cut into a 1 cm x 6 cm strip. Two dilutions of 
the crude enzyme were done by adding 1 ml crude 
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enzyme to 0.5 ml citrate buffer and 1 ml crude en-
zyme to 1 ml citrate buffer respectively. One unit 
of FPase activity was defined as the amount of en-
zyme needed to liberate 1 μmol of glucose/min dur-
ing hydrolysis reaction. 
Purification of cellulase

The cellulase enzymes were partially puri-
fied using ammonium sulphate precipitation, also 
known as “salting out”, according to the method of 
Kotchoni and Shonukan (2002). The supernatant 
(crude enzyme) was brought to 40% and 80% satu-
ration with (NH4)2SO4 over the course of two days 
overnight at 4°C, and centrifuged at 12 000rpm 
for 30 minutes. The precipitate was dissolved in 
20 mmol L-1 0.1 M sodium citrate buffer pH 4.8. 
The partially purified enzyme was dialyzed using 
the same buffer for 24 hrs with three buffer chang-
es. Dialysis was performed using a cellulose mem-
brane with a molecular weight cut-off of 5 kDa. 
Partially purified cellulase was passed through a 
Sephadex G-100 column. Fractions were collected 
at a flow rate of 1 ml 5 min-1 and assayed for enzy-
matic activity.
Results 
Fungal isolation, screening and characterization

The result of the cellulolytic fungi isolated 
from cocoa pod husk samples is shown in Table 1. 
A total of 23 isolates were obtained from cocoa pod 
husks. They included species of Aspergillus, Fusar-
ium, Rhizopus and Phytophtora. 

The Rhizopus isolate formed no zone of hy-
drolysis on CMC-agar. Seventeen isolates formed 
zones of hydrolysis on CMC-agar. Of the 17 iso-
lates only 12 showed consistent zones of hydrolysis 
of over 10 mm. The dominant genera were: Asper-
gillus, Phytophtora and Fusarium with Aspergillus 
spp. The percentage of occurrence of these isolates 
is shown in Fig. 1. A. niger had the highest percent-
age of occurrence of 50%, A. flavus 34%, Phytoph-
tora sp. 8%, and F. oxysporum 8%. 

 
Aflatoxin vapor color test 

The results of the aflatoxin vapor color change 
test carried out on the fungal isolates obtained from 
the cocoa pod husk sample with a consistent zone 
of hydrolysis above 10 mm on CMC-agar is rep-
resented in Table 2. A. niger CH4, F. oxysporum 
CH8 and Phytophtora sp. CH16 showed no sign of 
production of aflatoxin. All the consistently cellulo-
lytic A. flavus isolates tested positive for production 
of aflatoxin.
Production of cellulase

A. niger CH4 and F. oxysporium CH8 were the 
isolates used for cellulase production in this study. Iso-
late CH4 was chosen of all the cellulolytic A. niger iso-
lates obtained because it had the most consistent zone 
of hydrolysis. Control fermentation using CMC as 
substrate for cellulase production was first carried out. 

Isolates R1 (mm) R2 (mm) R3 (mm)
A. niger CH 1 12 9 7
A. flavus CH 2 10 13 13
A. flavus CH 3 5 4 8
A. niger CH 4 19 19 19
A. flavus CH 5 14 10 12
Fusarium sp. CH 6 - - -
A. niger CH 7 13 9 8
F. oxysporum CH 8 12 12 10
A. flavus CH 9 - - -
A. niger CH 10 18 17 19
A. niger CH 11 - - -
A. niger CH 12 12 9 10
A. flavus CH 13 12 12 11
A. flavus CH 14 - - -
A. niger CH 15 14 `2
Phytophtora sp. CH 16 10 11 11
Rhizopus sp. CH 17 - - -
A. niger CH 18 12 10 12
A. flavus CH 19 - - -
A. niger CH 20 19 18 19
A. flavus CH 21 12 13 13
A. niger CH 22 8 3 -
A. niger CH 23 17 15 18

Table. 1. Fungal isolates obtained from cocoa pod 
husks showing zones of hydrolysis on CMC-agar

Key: R1, zone of hydrolysis repetition one; R2, 
zone of hydrolysis repetition two; R3, zone of hy-
drolysis repetition three; (-), noo zone of hydroly-
sis; CH, isolates from cocoa pod husk sample

Fig. 1. Percentage occurrence of fungal isolates  
obtained from cocoa pod husk sample
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This is represented in Tables 3 and 4. Cel-
lulase produced by isolate A. niger CH 4 had the 
highest cellulase production and activity after 96 
hrs with FPUase and CMCase values of 0.357 U/ml 
and 0.680 U/ml respectively. Cellulase produced by 
F. oxysporium had FPUase activity of 0.172 U/ml 
and CMCase activity of 0.728 U/ml after 72 hrs.

 

Table 3. Production and saccharification of A. 
niger CH 4 cellulase using CMC as fermentation 
substrate

Incu-
bation  
time
(hrs)

FPUase CMCase
Ab.  

Glucose
(mg/0.5ml) 

Activity
(U/ml)

Ab.  
Glucose

(mg/0.5ml)

Activity
(U/ml)

24 0.878 0.163 0.801 0.296
48 0.914 0.169 0.849 0.314
72 1.334 0.247 1.034 0.383
96 1.942 0.359 1.839 0.680

120 1.877 0.347 1.502 0.556

Key: CH, isolate from cocoa pod husk sample; 
CMC, carboxymethyl cellulose; FPUase, filter 
paper assay for saccharifying cellulose; CMCase, 
carboxymethyl cellulose assay for endo-β-1,4-glu-
canase; Ab., absolute

Table 4. Production and saccharification of F. ox-
ysporum CH 8 cellulase using CMC as fermenta-
tion substrate

Incu-
bation  
time
(hrs)

FPUase CMCase
Ab.  

Glucose
(mg/0.5ml)

Activity
(U/ml)

Ab.  
Glucose

(mg/0.5ml)

Activity
(U/ml)

24 0.808 0.149 0.819 0.303
48 0.904 0.167 0.894 0.330
72 0.930 0.172 1.968 0.728
96 0.867 0.160 1.826 0.675

120 0.829 0.153 0.951 0.352

Key: CH, isolate from cocoa pod husk sample; 
CMC, carboxymethyl cellulose; FPUase, filter 
paper assay for saccharifying cellulose; CMCase, 
carboxymethyl cellulose assay for endo-β-1,4-glu-
canase 

Optimized cellulase production
Comparison of the control, pilot and the opti-

mized cellulase production is shown in Fig. 2. and 
Fig. 3. It was observed that FPUase activity of cel-
lulase produced by A. niger CH 4 and F. oxysporum 
CH8 rose significantly in the optimized FPUase 
than the control while there was a downside in the 
CMC-ase.

Purification of cellulase
The activity of the fractions obtained from 

the gel filtration of the partially purified and dia-
lyzed cellulase using Sephadex-200 gel filtration is 
shown in Fig. 4. with fraction 7 of the A. niger CH4 
having the highest activity of 2.633 U/ml and frac-
tion 9 of F. oxysporum CH8 with 1.716 U/ml.

Table 2. Reaction of fungal isolates obtained from 
CPH sample to NH4OH vapor color change

Strains Aflatoxin
production
A. flavus CH 2 +
A. niger CH 4 -
A. flavus CH 5 +
F. oxysporum CH 8 -
A. niger CH 10 -
A. flavus CH 13 +
A. niger CH 15
Phytophtora sp. CH 16 -
A. niger CH 18 -
A. niger CH 20 -
A. flavus CH 21 +
A. niger CH 23 -

Key: CPH, cocoa pod husk; (+), positive; (-), neg-
ative; CH, isolate from cocoa pod husk sample

Fig. 2. Difference in the FPUase activity of cellu-
lase produced in the control, pilot and fermentation.
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Discussion
Twenty three fungal isolates were obtained. 

This is in agreement with Stone et al. (2000) and 
Arnold (2001) who stated that among terrestri-
al plants, fungi appear to be quite ubiquitous and 
every plant species examined to date harbors one 
or more fungal endophyte species. The dominating 
genera in this study were: Aspergillus, Phytophto-
ra and Fusarium with Aspergillus spp. having the 
highest occurrence. This is in agreement with the 
works of Amin et al. (2014) that reported the iso-
lation of Aspergillus spp. and Fusarium spp. from 
cocoa pod. The successful isolation of Phytophtora 
sp. from cocoa pod husk in this study is in accord-
ance with the fact noted by Bowers et al. (2001) 
that Phytophtora spp. is an economically signifi-
cant microorganism involved in the destruction of 
cocoa pod. Also, Fagbohun et al. (2011) in their 
research reported that filamentous fungi A. flavus, 
A. niger and fungi-like P. palmivora are associated 
with cocoa beans during storage. In agreement with 

this study, Ogundeji and Olufolaji (2015) confirmed 
that Aspergillus spp. is the predominant fungi of co-
coa beans storage in south-west Nigeria. This study 
also corroborates the data reported by ICCO (2004) 
that Aspergillus spp. is the predominant fungi asso-
ciated with cocoa pod spoilage in West Africa. This 
study, however, is in disagreement with the works 
of Marciano et al. (2005), whose fungal isolates 
from cocoa pod were: Acremonium, Blastomyces, 
Botryosphaeria, Cladosporium, Colletotrichum, 
Cordyceps, Diaporthe, Fusarium, Geotrichum, 
Gibberella, Gliocladium, Lasiodiplodia, Monilo-
choetes, Nectria, Pestalotiopsis, Phomopsis, Pleu-
rotus, Pseudofusarium, Rhizopycnis, Syncephalas-
trum, Trichoderma, Verticillium and Xylariato with 
the exception of Fusarium sp. being the only simi-
lar fungal isolate. This may be a result of climatic, 
environmental and continental differences.

Fungi are the main cellulase producing mi-
croorganisms (Narendhirakannan et al., 2014). In 
this study, seventeen of the twenty-three fungal iso-
lates were capable of producing zones of hydroly-
sis. This is in agreement with Ibatsam et al. (2012), 
who stated that a large number of microorganisms 
are capable of degrading cellulose, but only a few 
of these microorganisms produce significant quan-
tities of enzymes capable of completely hydrolyz-
ing cellulose. Of the 17 isolates only 12 showed 
consistent zones of hydrolysis above 10 mm and 
they were identified as species A. niger, A. flavus, 
Phytophtora sp., and F. oxysporum. The cellulolyt-
ic ability of A. niger isolates and A. flavus isolates 
in this study agrees with Ibatsam et al. (2012), who 
reported the species of the genera Aspergillus to be 
very active cellulolytic fungi. Reddy et al. (2014) 
and Mangalanayaki and Madhavan (2015) agreed 
with this study that A. niger, A. flavus and F. ox-
ysporum are good producers of cellulase. Akinre-
fon (1968), who studied the production of extracel-
lular enzymes by P. palmivora corroborates the cel-
lulolytic activity of Phytophtora sp. in this study, 
although Phytophtora spp. is more exacting in its 
nutrition for extracellular enzymes than its produc-
tion during growth.

The production of aflatoxin by A. flavus iso-
lates in this study agreed with the report of Fakrud-
din et al. (2015), who found all the strains of A. 
flavus isolated from feed and grains positive for 
aflatoxin production. Erhlich (2014) also stated that 
A. flavus is the most common species associated 
with aflatoxin contamination of agricultural crops. 
Hedayati et al. (2007) also agrees that A. flavus pro-
duces the most toxic and potent hepatocarcinogen-

Fig. 3. Difference in the CMCase activity of cellu-
lase produced in the control, pilot and fermentation

Fig. 4. Activity of fractions from Sephadex-G 200 
filtration



196

ic natural compound ever characterized. In contrast 
to this study, Saito and Machinda (1999) observed 
no color change in the ammonium hydroxide vapor 
with A. flavus on peptone-mineral salts and Cza-
pek solution media. This may be due to the fact that 
these media do not support aflatoxin production as 
reported by Abbas et al. (2004).

In this research, the isolates A. niger CH4 
and F. oxysporum CH8 were used for cellulase 
production based on their cellulolytic activity on 
CMC-agar. Soma and Rangasamy (2011), similar-
ly produced cellulase under submerged and solid 
state fermentation using A. niger and coir waste as 
substrate. Also, Parkash et al. (2016) produced cel-
lulase by A. niger using lignocellulolytic substrates. 
Ramanathan et al. (2010) and Mangalanayaki and 
Madhavan (2016) successfully produced cellulase 
by F. oxysporum using CMC (carboxyl methyl cel-
lulose) and banana waste respectively. Phytophtora 
sp. CH16 was excluded in this study. According to 
Rossman and Palm (2006), the genus Phytophto-
ra belongs to the class Oomycota which cannot be 
categorically called fungi but rather are called fun-
gi-like organisms because they are filamentous in 
appearance but have many features that differenti-
ate them from true fungi. Vallance et al. (2009) and 
Ruggiero et al. (2015) also support the notion that 
Phytophtora spp. are not true fungi.

The highest cellulase production and activity 
using F. oxysporum CH8 as inoculum was observed 
after 72 hrs with FPUase activity of 0.172 U/ml and 
CMCase activity of 0.728 U/ml. The high endoglu-
canase activity in this study as compared with the 
exoglucanase activity is in agreement with the re-
ports of Ramanathan et al. (2010), who confirmed 
that F. oxysporum produces more endoglucanase 
than exoglucanase though the highest production 
days and activity differ probably because isolate 
sources differ. Similarly, Dar et al. (2013) suggest-
ed that the cellulase produced by F. oxysporum is 
majorly endoglucanase with little or no activity on 
Avicel and cellobiose. A. niger CH4 produced high-
er yield of cellulase after 96 hrs using CMC as a 
sole carbon source with FPUase activity recorded 
as 0.359 U/ml and CMCase of 0.680 U/ml. The re-
corded activity in this research supports the works 
of Oyeleke et al. (2012) that isolated A. niger from 
corn cobs and observed highest cellulase produc-
tion on the 4th day of fermentation with CMC as 
sole carbon source.

In this study, optimization of cellulase pro-
duction was done using cocoa pod husk (CPH) as 
the sole carbon source. Ebabhi et al. (2013) made it 

clear that a huge amount of agricultural waste such 
as crop residue, herbaceous plants, forest residue 
and animal waste are produced annually around the 
world and the need to put this waste to beneficial 
use cannot be over-emphasized. 

The incubation time for the highest cellulase 
production from CPH by A. niger CH4 was ob-
served after 120 hrs while F. oxysporum CH8 at-
tained its peak after 72 hrs. There was no visible 
CMCase activity with A. niger CH4 at 24 hrs un-
til after 48 hrs. CMCase was valued at 0.350 U/ml 
and 0.399 U/ml for A. niger CH4 and F. oxysporum 
CH8, respectively. FPUase for F. oxysporum CH8 
cellulase was calculated as 0.151 U/ml and 0.402U/
ml for A. niger CH4 cellulase. The difference in the 
best incubation times of A. niger CH4 using CPH 
(120 hrs) as compared to that of the control (96 hrs) 
may be a result of the degradability of the different 
carbon sources. This is in agreement with Lee et 
al. (2002), who noted that there is a possibility for 
cellulase to degrade CMC cellulose faster than the 
cellulose polymer. This work is in agreement with 
the work of Bhoosreddy (2012), who observed the 
highest cellulase production and activity at 120 hrs 
using corn cob as fermentation substrate. At 168 
hrs, there was no observed activity in FPUase of F. 
oxysporum CH8. The 72-hr window of cultivation 
and production of cellulase by F. oxysporum CH 
8 in this study is in disagreement with the works 
of Olajuyigbe et al. (2016), who observed maxi-
mum glucose production at activity at 96 hrs with 
no activity at 48 hrs. Shahzadi et al. (2014) agrees 
that the reduction in enzyme production after the 
optimum cultivation period could be a result of in-
activation or inhibition of the fermentation process 
due to the exhaustion of nutrients in the media or 
accumulation of toxic wastes that hinder the growth 
of the fungus. There is a relationship between the 
glucose produced and the cellulase activity. This 
is in agreement with the observations of Lui et al. 
(2012) and Olajuyigbe et al. (2016), who suggested 
a correlation between the production of glucose and 
β-glucosidase.

Variation in substrate concentration of the 
fermentation medium showed that 5% concen-
tration best supports the production of cellulase 
by A. niger CH4 while 4% substrate supported F. 
oxysporum CH8 best with a significant decline in 
production of cellulase at 5%. At 1%, the fermenta-
tion medium was not as turbid as those with higher 
concentrations of substrate with both A. niger CH4 
and F. oxysporum CH8. This research suggests that 
an increase in the substrate concentration is direct-
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ly proportional to an increase in the production of 
cellulase when using A. niger CH4. The drop in the 
production of cellulase with higher substrate con-
centrations may be a result of the overpopulation of 
spores through rapid multiplication of the inoculum 
or, according to Mohammed et al. (2014), a drop 
in the production with an increase or decrease in 
substrate concentration may be due to the catabolite 
repression and/ or the accumulation of the phenolic 
compounds in the fermentation medium. Worthing-
ton (2016) recently suggested that if the amount of 
the enzyme is kept constant and the substrate con-
centration is then gradually increased, the reaction 
rate will increase until it reaches a maximum. After 
this point, increases in substrate concentration will 
not increase the rate of production. 0.861 mg/0.5 ml 
glucose was produced by F. oxysporum CH8 at 4% 
concentration while A. niger CH4 produced 1.652 
mg/0.5 ml glucose at 5% substrate concentration. 
This is in agreement with the works of Archaya et 
al. (2012), who observed an increase in production 
up to 9.6% (0.1813 U/ml) when sawdust was used 
as the fermentation substrate and A. niger as inoc-
ulum. Similarly, Mohammed et al. (2014) reported 
that fermentation media supplied with 5% sugar 
cane bagasse as a sole carbon source was suitable 
for maximum CMCase (0.582 U/ml), cellulobiase 
(3.008 U/ml) and FPase (0.129 U/ml) production 
when Trichoderma spp. was used as inoculum. 

In this research, A. niger CH4 exhibited the 
highest production and activity at pH 5.5 (Fig. 4 
and Fig. 5). This is in disagreement with Akiba et 
al. (1995) who stated that A. niger cellulases are 
active in the pH range 6.0-7.0. However, Bhavsa et 
al. (2015) agrees that the best activity of A. niger 
cellulase from agro-wastes was at pH 5.3. Cellulase 
production gradually increased until it reached the 
pH that best suited the production of cellulase by 
F. oxysporum CH8 which was 5.9 although cellu-
lase activity was stable between pH 5.9-7.0. Glu-
cose produced by A. niger CH4 at its peak pH of 
5.5 was 1.328 mg/0.5 ml with activity of 0.246 U/
ml. F. oxysporum CH8 produced 1.079 mg/0.5ml 
of glucose with activity of 0.399 U/ml at pH 5.9, 
which was the highest for this strain. The ability 
of F. oxysporum CH 8 to produce cellulase at such 
pH ranges suggests that it is a neutrophile. This is 
in agreement with Ramanthan et al. (2010), who 
observed the highest cellulase activity at 6.0 and 
7.0 with F. oxysporum by submerged fermentation. 
Similarly, this research supports the suggestion of 
Sethi and Gupta (2014) in the optimization of cul-
tural parameters for cellulase production by fungi 

that pH plays an important role by inducing mor-
phological changes in microorganisms and in en-
zyme secretion.

This research showed that the most favora-
ble temperature for both A. niger CH4 and F. ox-
ysporum CH8 was 30°C. The 72-hour window of 
cultivation and production of cellulase by F. ox-
ysporum CH8 in this study is in disagreement with 
the works of Olajuyigbe et al. (2016), who ob-
served maximum glucose production at activity at 
96 hrs with no activity at 48 hrs. Shahzadi et al. 
(2014) agrees that the reduction in enzyme produc-
tion after the optimum cultivation period could be 
a result of inactivation or inhibition of the fermen-
tation process due to the exhaustion of nutrients in 
the media or accumulation of toxic wastes that hin-
der the growth of the fungus. There is a relationship 
between the glucose produced and cellulase activ-
ity. This is in agreement with the observations of 
Lui et al. (2012) and Olajuyigbe et al. (2016), who 
suggested a correlation between the production of 
glucose and β-glucosidase.
Conclusion

In conclusion, A. niger CH4 and F. oxysporum 
CH8 can be used for the production of cellulase. 
Optimization of the cultural parameters involved in 
the production process is essential to achieve maxi-
mum output of cellulase. The degradation of ligno-
cellulosic materials by microorganisms is crucial to 
the sustenance of the world of biotechnology. The 
utilization of cocoa pod husk combats the prob-
lem of waste disposal from agricultural practices 
and also provides extra income for farmers thereby 
helping in the alleviation of poverty in present-day 
Nigeria.
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Abstract
Olives are the main part of the healthy, largely vegetarian, Mediterranean diet known to have aquin-

tessential role in prolonging lifespan. All parts of the olive plant - leaves, roots, flowers and fruits are rich in 
beneficial bacteria. Often, during olive processing and storage foodborne bacteria grow and spoil the prod-
uct. The aim of this study was dual - to investigate the microbiota in fresh and canned green table olives, 
and to test foodborne bacteria isolated from olives for their antibiotic resistance. The presence of pathogens 
as clostridia, Staphylococci, fecal enterococci, yeasts, Candida spp. and Escherichia coli and coliforms was 
assessed using selective, differential and chromogenic media. Randomly picked colonies were further sub-
cultured and tested for antibiotic resistance towards 17 antibiotics and six antifungals. Our results showed 
that fresh olives contained total number of microorganisms (CFU) - 3x102, fecal enterococci - 2.4x104, 
Candida – 1.5x102 CFU/g and total number of yeasts and molds - 2.3x103. Staphylococci, clostridia and E. 
coli and coliforms were not detected in fresh olives. In contrast, no bacteria, yeasts and molds, Candida, 
Staphylococci, clostridia and E. coli and coliforms were observed in canned green olives. Two isolates from 
fresh olives were further analyzed. They were identified as Enterococcus faecium and Candida krusei. The 
antibiotic resistance analysis demonstrated resistance of E. faecium 3391 to nine out of 17 antibiotics, in-
cluding Linezolid, an antibiotic used for treatment of severe infections. C. krusei 3389 showed resistance to 
two out of six antifungals – to Itraconazole and Fluconazole, belonging to the class of triazole compounds.
Keywords: food microbiology, green olives, fecal enterococci, Candida, antibiotic resistance
Резюме

Маслините са основна част от здравословната средиземноморска диета, основана главно на 
растителни продукти. Тя е от ключово значение за удължaване продължителността на живота. Всич-
ки части на маслиновото дърво – листа, корени, цветове и плодове са богати на полезни бактерии. 
Често обаче, по време на обработването и съхранението на готовите вече маслини се развиват па-
тогенни микроорганизми. Целта на нашето изследване е двукомпонентно - на първо място, да се 
изследва микробиологичното съдържание на свежи и стерилизирани зелени маслини и на второ 
място – да се култивират изолати от пробите, които да бъдат изследвани за антибиотична резистент-
ност. Наличието на патогенните клостридии, стафилококи, фекални етерококи, дрожди и плесени, 
кандиди и Escherichia coli и колиформи е изучено чрез използването на селективни, диференциал-
ни и хромогенни хранителни среди. Случайно подбрани колонии са култивирани и изследвани за 
резистентност към 17 антибиотици и 6 противогъбични препарата. Резултатите от проведеното из-
следване показаха, че свежите маслини съдържат общ брой микроорганизми (КФЕ) - 3x102, фекални 
ентерококи - 2.4x104, кандиди – 1.5x102 КФЕ/г, а общият брой дрожди и плесени беше 2.3x103 КФЕ/г. 
Стафилококи, клостридии и E. coli и колиформи не бяха регистрирани в свежите маслини. За разли-
ка от свежите маслини, в стерилизираните маслини не беше установена нито една от изследваните 
микроорганизмови групи. Бяха култивирани два изолата от свежите маслини, които бяха иденти-

* Corresponding author: gsatchanska@nbu.bg
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фицирани като Enterococcus faecium и Candida 
krusei. E. faecium 3391 показа резистентнот 
към 9 от 17 изследвани антибиотици, единият 
от които Линезолид, използван при лечението 
на тежки инфекции. Вторият изолат – C. krusei 
3389 показа резистентност към 2 от 6 изследва-
ни противогъбични препарата – итраконазол и 
флуконазол, и двата от групата на триазоловите 
съединения.
Introduction

Olives are known to be rich in valuable nutri-
ents and bioactive components of medicinal inter-
est (Gnanbari et al., 2012; Essafi et al., 2019). Olive 
fruits contain appreciable concentrations of over 
30 different phenolic compounds. Phenolic sub-
stances, both hydrophilic and lipophilic, are minor 
components in olives but have generated great in-
terest due to their beneficial effect on human health. 
Hydrophilic phenol derivatives are phenolic acids, 
phenolic alcohols, flavonoids and secoiridoids. The 
lipophilic phenolic fraction possesses a broad range 
of biological activities such as antimicrobial, anti-
inflammatory, antidislipidemic, antihypertensive, 
antioxidant, anticarcinogenic, antihypertensive, 
cardiotonic, laxative and antiplatelet (Gnanbari et 
al., 2012). The main beneficial effect of olives and 
olive oil is their anticancer effect and protection 
from cardiovascular disease (Oven et al., 2004; 
Gnanbari et al., 2012; Essafi et al., 2019). Recently, 
Francisco et al. (2019), reported another positive 
effect of olives and olive oil on human health, as-
sociated with the prevention of rheumatic diseas-
es. Peyrol et al. (2017) described the prevention 
of MetS (Metabolic Syndrome) by olive products. 
The main phenolic component in olives responsible 
for their health beneficial effect is hydroxytyrosol 
(Rafehi et al., 2012), a superior antioxidant and 
radical scavenger (Fig. 1A), which induces apop-
tosis and arrests the cell cycle in cancer cells. The 
hydroxytyrosol demonstrated antimicrobial activi-

ty (Tuck et al., 2002) and is renally excreted via 
many metabolites as glucuronide conjugate, sulfate 
conjugate, homovalliic acid and 3,4 – dihydrophe-
nylacetaldehide. Along with hydroxytyrosol, other 
phenolic compounds as tyrosol (Fig. 1B), the bitter 
olive glycoside – oleuropein (Fig. 1C), oleocanthal 
(Fig. 1D), and oleacein (Fig. 1E) are known to ex-
ert antiatherogenic, neuroprotective and endocrine 
effect (Karkovich et al., 2019).

Although olives and olive oil are abundant 
in antimicrobial substances, contamination with 
pathogens of animal or human sources is possible 
during their growth, harvest, transportation and 
storage. Contamination can emerge via treatment 
of soil with organic fertilizers, manure, sewage wa-
ter, irrigation water or by the pathogens persisting 
in vegetables (Hamilton et al., 2006). The aim of 
our study was to compare microbiota in samples of 
fresh and canned green table olives and to study ol-
ive foodborne pathogens for antibiotic resistance.
Materials and Methods
Sampling and sample preparation

Samples of fresh and canned green table ol-
ives were purchased in 2019 in big grocery stores 
in Sofia, Bulgaria, and were comparatively investi-
gated for presence of viable microbiota. Ten grams 
of each sample were aseptically smashed and added 
to 90 ml Ringer’s solution. The purpose of using 
Ringer's solution was to completely dissolve the 
fats in the products. Starting sample solutions were 
diluted decimally (10-1 to 10-7) further 0.1 ml of 
each was spread on agar plates, a routine method of 
Koch for counting microorganisms.
Total number of viable bacteria 

CFU of viable bacteria was examined on nu-
trient agar (HiMedia, India and Oxoid, England). 
The agar was inoculated with 0.1 ml of each dilu-
tion. Cultivation was carried out at 30°C for 48h. 
Enumeration was performed using the method of 
Koch.

Fig. 1. Structural formula of hydroxytyrosol (A), tyrosol (B), oleuropein (C), oleocanthal (D), oleacein 
(E) (Pubchem)
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Number of fecal enterococci
KEAA (Kanamycin-Esculin-Azide agar, 

Merck, Germany) was applied for detection of fecal 
enterococci. Metabolizing esculin in the medium, 
enterococci turn the white-colored agar black and 
are visible as transparent to white-colored colonies. 
Being a component of the medium, kanamycin in-
hibited the growth of other Gram (+) bacteria. The 
agar was inoculated with 0.1 ml of each dilution. 
Incubation was carried out for 48h at 30°C. Ente-
rococcal counts were assessed using the method of 
Koch.

Number of Candida spp.
Both Candida conventional (HiMedia, In-

dia) and Differential chromogenic agars (HiMe-
dia, India) were used for detecting Candida spp. 
Colonies of Candida grew black-colored on the 
white agar when conventional agar was used, and 
white-to-pink when grown on a differential chro-
mogenic agar. While conventional agar has to be 
autoclaved, chromogenic agar should be prepared 
only by boiling according to the manufacturer’s 
instructions. The agar was inoculated with 0.1 ml 
of each dilution. Incubation lasted 7 days at 28°C 
and the enumeration was performed according to 
Koch’s method.

Total number of yeasts and molds
The total number of yeasts and molds was ana-

lyzed on YGC agar (Yeast peptone-Glucose-Chlo-
ramphenicol agar). Petri dishes were inoculated 
with 0.1 ml of each dilution. Incubation lasted 7 
days at 28°C.Yeasts and moldswere enumerated ac-
cording to the method of Koch.

The enumeration of Clostridium perfringens 
was carried out on SPS agar (Sulphite-Polymyx-
in-Sulphadiazine Agar, HiMedia, India). One ml 
of inoculum of each dilution was poured out in the 
petri dish bottom and covered with 20 ml of SPS 
agar for deep seeding and creating anaerobic con-
ditions. Incubation lasted 48h at 37°C and the enu-
meration was performed via the Koch method. 
Number of Staphylococci

MSA (Manitol-Salt agar, 6.5% NaCl, 
Merck, Germany) was used to study the presence 
of members of the Staphylococcus genus. On the 
orange-pink agar, staphylococcal colonies grew 
gold-colored surrounded by a visible well-shaped 
yellow halo. Petri dishes were inoculated with 0.1 
ml of the dilutions, further incubated for 48h at 
30°C and enumerated by the method of Koch.

Number of E. coli and coliforms
On VRBA agar (Violet Red Bile Agar) or 

DCLA (Deoxycholate Lactose Agar) was spread 
0.1 ml of each dilution was spread on VRBA agar 
(Violet Red Bile Agar) or DCLA (Deoxycholate 
Lactose Agar). Incubation lasted 48h at 30°C and 
the number of E. coli and coliforms was assessed 
using the method of Koch.
Isolation and characterization of bacterial strains 
from green table olives

Randomly selected colonies were picked up 
from each plate for further cultivation and identifi-
cation. Among the grown colonies, two isolates were 
chosen for further analysis. Isolates were sub-cul-
tured on different media such as Columbia agar 
with 5% sheep blood, Brucella agar with 5% horse 
blood (BD, USA), MacConkey agar (BD, USA), Sa-
bouraud dextrose agar and BBL CHROMagar Can-
dida (BD, USA). Their identification was carried out 
using Crystal (BD, USA) system; VITEK 2 System 
(bioMerieux, France) and API 20 C AUX Candida 
(bioMerieux, France). Strains were stored at -20°C at 
New Bulgarian University Microbial Culture Collec-
tion (NBU-MCC).

Antibiotic and antifungal susceptibility tests of 
the microorganisms isolated from green table olives 
was performed using the standard disk agar diffusion 
method. The bacterial and fungal isolates were spread 
at concentration/turbidity equal to 0.5 McFarland on 
blood agar and Candida agar, respectively. Seven-
teen antibiotics currently used in clinics (BD, USA) 
– Cefoxitin (30 μg), Amikacin (30 μg), Rifamycin 
(5 μg), Erythromycin (15 μg), Clindamycin (2 μg), 
Gentamicin (30 μg), Gentamicin (120 μg), Ciproflox-
acin (5 μg), Amoxicillin/Clavulanic acid (20/10 μg), 
Ceftriaxone (30 μg), Vancomicin (5 μg), Teicoplanin 
(30 μg), Levofloxacin (5 μg), Linezolid (30 μg), Sulf-
methoxasole/Trimethoprim (25 μg), Tigecicline (15 
μg), Ampicillin (2 μg), and six antifungals (HiMedia, 
India) – Clotrimazole (10 μg), Voriconazole (1 μg), 
Itraconazole (10 μg), Nystatin (50 μg), Ketoconazole 
(10 μg), Fluconazole (25 μg) were applied. The re-
sults obtained were evaluated according to the EU-
CAST system, version 7.0-2019 (www. eucast.org).
Results 
Total number of viable bacteria 

Our investigation showed presence of total 
number of bacteria in fresh olives at the amount of 
3x102 CFU/g. The recorded microbial counts did 
not exceed the standard limits (Enikova, 2010). The 
canned green olives were free from all seven micro-
bial groups tested (Table 1).



203

Number of fecal enterococci
As seen in Table 1, fecal enterococci grew in 

fresh olives at a concentration of 2.4x102 CFU/g 
in contrast to canned olives, where no enterococ-
cal colony was observed. Enterococci are not in-
cluded in the standards as target microorganisms to 
be monitored in foods and no limits are described. 
However, recently, due to the broad spectrum of 
diseases caused in humans by these bacteria, their 
number in food is in focus in many reports. 
Number of fungi (Candida spp.)

During the enumeration period of 7 days, no 
colonies grew from either fresh or canned olives. 
On the 7-10th day, a few black colonies were ob-
served in each petri dish with standard Candida 
agar from fresh olives. The colonies were further 
transferred on Candida CHROMagar, where they 
grew pink to light purple in color, hence were prov-
en to belong to Candida.
Total number of molds and yeasts

Our study demonstrated presence of yeasts 
and molds only in fresh olives (2.3x103 CFU/g). 
No molds and yeasts grew from the canned olive 
sample (Table 1). 
Number of Staphylococci

As shown in Table 1, both fresh and canned 
green table olives were negative for Staphylococci.
Number of C. perfringens

The investigated samples of fresh and canned 
olives contained no clostridia.

Number of E. coli and coliforms
Our analysis proved that the studied fresh and 

canned olives were not contaminated with E. coli 
or coliforms, and no colonies of these bacteria were 
cultivated on VRBA or on DCLA agar.
Isolation and identification of bacterial strains 
from green table olives

Randomly selected colonies grown from the 
fresh olives sample, were selected and further ana-
lyzed. Of the colonies formed, two isolates, one 

cultivated on Candida CHROMagar and the second 
on KEAA agar, were selected for identification and 
for studying their antibiotic resistance. Using Crys-
tal, VITEK 2 and API 20 C AUX Candida, these 
strains were identified as Candida krusei and En-
terococcus faecium, respectively. Both strains were 
stored at New Bulgarian University Microbial Cul-
ture Collection (NBU-MCC) under the following 
numbers: C. krusei 3389 and E. faecium 3391.
Antibiotic and antifungal susceptibility of the 
isolates from table green olives was tested by the 
standard disk diffusion method. 

As seen in Fig. 2, the antibiotic susceptibility 
of E. faecium 3391 is diverse. The strain demon-
strated sensitivity to eight (47%) and resistance to 
nine antibiotics (53%) (see Table 2). 

Table 2 demonstrates that the isolate E. fae-
cium 3391 is sensitive to Rifamicin, Gentamicin 
120, Ceftriaxone, Vancomicin, Teicoplanin, Lev-
ofloxacin, Sulfmethoxasole/Trimethoprim and 
Tigecicline. The strain showed resistance to a 
greater number of antibiotics: Cefoxitin, Amikacin, 
Erythromycin, Clindamycin, Gentamicin 30, Cip-
rofloxacin, Amoxicillin/Clavulanic acid, Linezolid 
and Ampicillin. An important finding is the resist-
ance of E. faecium 3391 to the antibiotic Linezolid, 
which is used in fighting severe infections. 

Figure 3 presents the antifungal susceptibility 
test of the strain C. krusei 3389. 

 This pathogenic fungus showed sensitivity to 
four (67%) and resistance to two antifungals (33 %) 
(See Table 3).

Table 1. Number of bacteria and fungi in fresh and canned green table olives

Microorganisms/
Sample

Total  
number  
bacteria  
/MPA/

Fecal  
enterococci

/КЕАА/

Fungi
/Candida 

agar/

Total number 
Yeast&Molds 

/YGC/

Staphylococci
/MSA/

C. perfringens 
/SPS agar/

E. coli 
and  

coliforms  
/VRBA/

1. Fresh  
green olives

3x102 2.4x104 1,5x 102 2.3x103 0 0 0

2. Canned  
green olives

0 0 0 0 0 0 0

Fig. 2. Agar diffusion susceptibility test of E.  
faecium 3391 towards 17 antibiotics
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Table 3. Antibiotic susceptibility test of C. krusei 
3389
Antifungals/Strain 1 2 3 4 5 6
C. krusei 3389 S S R S S R

R- Resistant, S- Sensitive
Clotrimazole (1), Voriconazole (2), Itraconazole (3), 
Nystatin (4), Ketoconazole (5), Fluconazole (6).

As seen in Table 3, C. krusei 3389 was sen-
sitive to four (Clotrimazole, Voriconazole, Nystatin 
and Ketoconazole) and resistant to two antifungals 
(Itraconazole and Fluconazole). 
Discussion

Both bacteria and yeasts are usually detected 
in olives during their harvesting or processing as 
described by Arroyo Lopez et al. (2008). Typical-
ly, the microbial community in olives is dominat-
ed by the yeasts Saccharomyces cerevisiae and C. 
apicola, as reported by Arroyo-Lopez et al. (2008), 
Medina et al. (2016), and Ciafardinni et al. (2018). 
The authors describe in their study 131 bacterial 
genera including over 350 taxonomic units detect-
ed in olives by pyrosequencing of 16S rDNA. The 
same research groups have found in olive samples 
members of the families Enterobacteriaceae and 
Lactobacillaceae, of the Staphylococcus genus and 
the most common spoilage bacteria, Pseudomonas 
and Propionibacterium. 

Yeasts are present throughout the whole olive 
fermentation process, which is important as they 

produce compounds whose organoleptic proper-
ties improve the quality and flavor of olives (Ar-
royo-Lopez et al., 2008). Besides the yeasts S. cere-
visiae and C. apicola, Medina et al. (2016) reported 
presence of Pichia manshurica and P. galeiformis 
in olives, and Mateus et al. (2016) of C. boidinii, 
P. membranefaciens, Zygosaccharomyces mrakii, 
Priceomices carsonii and Wickerhampmyces 
anomalus. Arroyo-Lopez et al. (2008) described 
other spoilage species as C. boindii, Debaromyces 
hansenii, P. anomalia and Rhodothorula glutinis. 
C. apicola is known as a highly osmotolerant asco-
mycete fungus, which produces sophorolipids (bio-
surfactants), membrane fatty acids and enzymes, 
such as reductases and proteases. This microscopic 
fungus is found naturally in wine and cachaça fer-
mentation processes. Recently, C. apicola has been 
reported to secrete β-fructofuranosidases with fruc-
tosyltransferase activity, useful for prebiotic syn-
thesis. The total number of yeasts detected during 
our analysiswas 2.3x103 CFU/g (fresh olives) and 0 
CFU/g (canned olives). No data about the presence 
of C. krusei in olives is described in the literature. 

The main bacterial genus isolated from ta-
ble olives is Lactobacillus with the predominant 
species – Lactobacillus plantarum and L. pento-
sus (Hurtado et al., 2012). Most often, the spoil-
age bacteria in olives belong to the family Entero-
bacteriaceae, family Lactobacillaceae and genera 
Staphylococcus, Pseudomonas and Propionibacte-
rium. Recently, new bacteria were discussed by de 
Castro et al. (2018) responsible for the spoilage of 
green table olives in Spain – members of the family 
Cardiobacteriaceae and of the genus Ruminococ-
cus. The genera Alcalibacterium, Marinilactiba-
cillus and Halolactibacillus were discussed in the 
paper of Lucena-Padros and Luis Barba (2016). 
Our results coincide partially with the findings of 
the above authors, showing low presence of total 
number of bacteria at concentration 3x102 CFU/g 
(fresh olives) and 0 CFU/g (canned olives) but dif-
fer as regards the presence of E. coli (Enterobac-
teriaceae), staphylococci and clostridia: both types 

Table 2. Antibiotic susceptibility test of E. faecium 3391

Antibiotic/Strain 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
E. faecium 3391 R R S R R R S R R S S S S R S S R

R- Resistant, S- Sensitive
Cefoxitin (1), Amikacin (2), Rifamycin (3), Erythromycin (4), Clindamycin (5), Gentamicin 30 (6), Gen-
tamicin 120 (7), Ciprofloxacin (8), Amoxicillin/Clavulanic acid (9), Ceftriaxone (10), Vancomicin (11), 
Teicoplanin (12), Levofloxacin (13), Linezolid (14), Sulfmethoxasole/Trimethoprim (15), Tigecicline (16), 
Ampicillin (17)

Fig. 3. Agar diffusion susceptibility test of Can-
dida krusei 3389 towards 6 antifungals



205

of olive samples investigated were free of these 
bacteria. An interesting finding of our investigation 
was the high amount of fecal enterococci (2.4x104 
CFU/g) in fresh olives. No results about the amount 
of enterococci in olives are described in the litera-
ture.

During our investigation one bacterial isolate 
identified as E. faecium, was cultured and tested for 
its antibiotic resistance towards antibiotics tackling 
moderate or severe bacterial infections. Enterococci 
play a dual role being recognized both as probiotic 
but recently also as pathogenic bacteria with intrin-
sic or acquired resistance to almost all antibiotics 
currently in use (Tendolkar and Baghdayan, 2003). 
This Gram-positive bacterium which inhabits the 
gastro-intestinal tract of humans and animals can 
cause life–threatening infections in humans. There-
search report of Franz and co-authors (Franz et al., 
1996) described the strain E. faecium BFE 900 iso-
lated from black olives. Apart from olives, entero-
cocci are present in various Spanish foods. Accord-
ing to some authors (Ben Omar et al., 2004), the 
isolated enterococci were resistant to Erythromycin 
and Rifampin. These results coincide with the find-
ings of our study – the isolate E. faecium 3391 also 
showed resistance to Rifampin. Rifampin is a mac-
rocyclic antibiotic typically used in the treatment of 
tuberculosis and bacterial meningitis, inhibiting the 
DNA polymerase in Mycobacterium tuberculosis. 
E. faecium 3391 isolated during our investigation 
showed resistance to more than 53% of the antibi-
otics tested. 

Tamang et al. (2016) described the following 
yeasts which colonize olives: C. apicola, Pichia sp., 
P. manshurica/P. galeiformis, S. cerevisiae. In the 
list of authors and in other reports, C. krusei is not 
included; hence no data about the antifungal activi-
ty of this microorganism is available and could not 
be discussed. Ciafardini et al. (2013) described C. 
parapsilosis in olive oil but not in olives. C. krusei 
3389 isolated during our experiments was sensitive 
to four antifungals (Clotrimazole, Voriconazole, 
Nystatin and Ketoconazole) and resistant to two 
agents (Itraconazole and Fluconazole). The result 
obtained is alarming as Itraconazole is a broad-spec-
trum antimycotic triazole agent with a low toxicity 
profile used for treatment of a wide range of fungal 
infections such as vulvovaginal candidiasis, oral 
candidiasis, dermatophytoses e.g. tinea pedis, tin-
ea cruris, tinea corporis, tinea manuum, Pityriasis 
versicolor, onychomycoses, systemic candidiasis, 
cryptococcal infections (including cryptococcal 
meningitis), histoplasmosis and aspergillosis. Flu-

conazole, the second antifungalsubstance the iso-
late C. kruzei 3389 was resistant to, also belongs to 
the class of triazole antifungals and is a remedy for 
a wide spectrum of candidiasis – oral, vaginal and 
of the blood, throat, esophagus and lungs. It is also 
applied to patients with bone marrow transplanta-
tion to prevent candidiasis. This antifungal is also a 
powerful cure for meningitis caused by the fungus 
Cryptococcus (Liu et al., 2016).

Coliforms were reported in olive oil (Zullo et 
al., 2018) but no data about their survival in olives 
were found in the literature. The samples investigat-
ed in our study were free of E. coli and coliforms.

As the investigated samples were free of 
Staphylococci, we have not discussed this bacteri-
al genus here. .Staphylococci, which are sensitive 
to the phenolic compound oleuropein in olives, 
were likely to have been inhibited by this substance 
(Zanicelli et al., 2005).
Conclusions

Our analyses showed that fresh olives con-
tained total number of microorganisms - 3x102 
CFU/g, fecal enterococci - 2.4x104 CFU/g, Can-
dida – 1.5x102 CFU/g and total number of yeasts 
and molds - 2.3x103; staphylococci, clostridia and 
E. coli and coliforms were not detected. While 
yeasts are typical of fresh olives, the presence of 
enterococci in high amounts is alarming. No bac-
teria, yeasts and molds, candida, staphylococci, 
clostridia and E. coli and coliforms were detected in 
canned green olives. Two isolates from fresh olives 
were sub-cultured. They were identified as E. fae-
cium and C. krusei. Tests for antibiotic resistance 
demonstrated resistance of E. faecium 3391 to nine 
out of 17 antibiotics, including Linezolid, used for 
treatmentof severe infections. The widespread oc-
currence of antibiotic resistance of E. faecium iso-
lated from fresh olives is meaningful and confirms 
that the food and foodborne bacteria contribute to 
the worldwide global antibiotic resistance. 
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