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Introduction
The review encompasses the basic data on 

the chemical compounds manifesting pronounced 
activity against SARS-CoV-2, the causative agent of 
the COVID-19 pandemic. It started in the Chinese 
11-million city of Wuhan where the first cases of 
the disease were officially announced on December 
31st, 2019 and gradually spread throughout the 
world. Some of the countries that currently have 
the highest COVID-19 morbidity rate are the 
USA, Italy, Spain and France. It may be said that 
the epidemic in China is over. In comparison with 
China, the morbidity rates in Europe and the USA 
are higher which could be explained by two factors: 
(a) the higher age of the population and (b) the 
inadequate level of the quarantine. The quarantine 
turned out to be the main line of defense against 
this pandemic. The same could be said about 
the SARS epidemic in 2002-2004. During that 

 
epidemic effective antivirals, anti-inflammatory 
agents and specific serotherapy were absent. Within 
the period between the SARS-CoV-1 epidemic and 
the COVID-19 pandemic, including the initial few 
weeks of the pandemic, a significant amount of 
work for the search of effective anti-coronavirus 
antivirals was carried out. They are presented in 
this review.
Ivermectin

Ivermectin [IM] is a broad-spectrum anti-
parasitic substance. This US Foot-and Drug 
Administration (FDA)-approved drug is a mixture 
of mainly avermectin H2B1a with some avermectin 
H2B1b (Gonzalez Canga et al., 2008). The 
avermectins are bacterial marcrolides isolated from 
Streptomyces avermitilis. 

* Corresponding author: galabov@microbio.bas.bg
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Abstract
The review presents the basic data on the chemical compounds manifesting pronounced activity 

against SARS-CoV-2, the causative agent of the COVID-19 pandemic. The compounds are characterized 
with their chemical structure, and experimental anti-coronavirus activity in vitro (in cell cultures) and in vivo 
(in laboratory animals). The existing data on their clinical use in the treatment of patients with COVID-19, 
double-blind trials included, occupies an important place and are object of discussion on the therapeutic 
effectiveness of antivirals.
Keywords: SARS-CoV-2, COVID-19, antivirals, chemotherapeuc agents 
Резюме

Обзорът обхваща основните данни върху химическите съединения, показващи отчетлива ак-
тивност срещу SARS-CoV-2, причинител на пандемията от COVID-19. Съединенията са охарактери-
зирани с химическата им структура и с експерименталната им анти-коронавирусна активност in vitro 
(в клетъчни култури) и in vivo (в лабораторни животни). Наличните данни относно приложението 
им в клиниката за лечение на пациенти болни от COVID-19, включително в изпитания по схемата 
double-blind, заемат широко място и са обект на обсъждане за терапевтичната им ефективност като 
антивирусни средства.
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IM is a medication used to treat many types 
of parasite infections. This includes head lice, sca-
bies, river blindness, strongyloidiasis, trichuriasis, 
ascariasis, and lymphatic filariasis. It can be taken 
by mouth or applied to the skin for external infesta-
tions. Use in the eyes should be avoided.

The compound manifests activity in vitro 
against a broad range of viruses: influenza A (Gotz 
et al., 2008), venezuelian equine encephalitis virus 
(Lundberg et al., 2013), dengue virus (Wagstaff et 
al., 2012; Tay et al., 2013), flavi- (Mastrangelo et 
al., 2012) and HIV-1 (Mastrangelo et al., 2012). On 
the model of HIV-1 IM inhibits the interaction be-
tween the integrase protein and the importin ɑ/ß1 
heterodimer responsible for integrase protein import 
(Wagstaff et al., 2011). Besides, IM inhibits nuclear 
import of viral and host cell proteins of SV40 and 
dengue virus (Wagstaff et al., 2011, 2012), limits 
infection by dengue virus, WNV, VEEV and influ-
enza virus, based on the reliance on importin ɑ/ß1 
(Cally et al., 2012; Jans et al., 2019). IM was effec-
tive versus pseudorabies virus both in vitro and in 
vivo (in mice) (Lv et al., 2018). The compound was 
ineffective versus Zika virus in mice (Ketkar et al., 
2019). Importantly, IM included in a double-trial 
against dengue infection via single daily oral dose, 
demonstrated to be safe and resulted in a significant 
reduction in plasma levels of viral NS1 protein, but 
no change in viremia or clinical benefit (Yamasmith 
et al., 2018). 

IM was tested vs SARS-CoV-2 in Vero/
hSLAM cells, infected at MOI 0.1 (Cally et al., 
2020). After virus adsorbtion lasting 2 hours, the 
compound was added at a concentration 5 µM. A 
reduction by 93% of the extracellular and 99.8% of 
the intracellular viral RNA was established. At the 
48th hour this effect increased to an approximately 
5000-fold reduction of viral RNA as compared to 

the control samples. No further diminishement of 
viral RNA was recorded at the 72nd hour. IM was 
without cellular toxicity during this period of time. 
Detection of SARS-CoV-2 was carried out using a 
TaqMan Real-time RT-PCR assay. 

On the base of these results, demonstrating 
the very high effectiveness of IM versus SARS-
CoV-2, and its FDA-approval as anti-parasitic 
agent, the compound warrants further investigation 
for possible benefits in humans.
Favipiravir

Among antivirals studied toward SARS-
CoV-2 favipiravir (6-fluoro-3-hydroxy pyrazine-
2-carboxaide; favilavir, T-705, favipira; Avigan©), 
developed by the company „Fujifilm Toyama 
Chemical” (Fujifilm’s daughter company), stands 
out by its effectiveness.

Favipiravir inhibits the replication in vitro 
of various RNA viruses – alpha-, flavi- (yelow 
fever virus, WNV), noro-, bunya-, influenza, filo- 
(ebola-), rhabdo- (rabies), arena-. It is remarkable 
that in experiments conducted in vivo (in laboratory 
animals) favipiravir has shown an unusually 
large scope activity: against influenza viruses, 
alphaviruses, flaviviruses (West Nile virus, yellow 
fever virus), bunyaviruses (Rift Valley virus), 
arenaviruses, picornaviruses (foot-and-mouth 
disease virus, enteroviruses) (Furuta et al.,.2009, 
2013; Caroline et al., 2014). Favipiravir has showed 
limited efficacy against Zika virus and rabies virus 
(Mumtaz et al., 2016).

This compound is selective inhibitor of the 
viral RNA-dependent RNA polymerase (Jin et al., 
2013). Its active form is phosphorilased - favipiravir-
ribofuranosyl-5’-triphosphate (favipiravir-RTP). 
Favipiravir-RTP is available in both oral and 
intravenous formulations (Baranovich et al., 2013; 
Guedj et al., 2018). Favipiravir does not inhibit 
RNA or DNA synthesis in mammalian cells and is 
not toxic to them (Furuta et al., 2009).

Been approved in Japan as anti-influenza 
drug in 2014, in 2015 the compound was included 

Formula: C48H74O14 (22,23-dihydroavermectin 
B1a); C47H72O14 (22,23-dihydroavermectin B1b); 
Molar mass: 875.1 g/mol

Formula: C5H4FN3O2; Molar mass: 157.10 g/mol
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in phase III of a double-blind trial. China also 
registered favipiravir as anti-flu drug. However, 
favi-piravir (a) has not been shown to be effective 
in primary human cells, casting doubt on its efficacy 
in influenza treatment, and (b) animal experiments 
showed the potential for teratogenic effects on 
fetuses. For these reasons favipiravir registration 
was limited only in Japan. In 2015 FDA completed 
a Phase III clinical trial studying the safety and 
efficacy of favipiravir in the treatment of influenza 
(Smee et al., 2019; Yuoon et al., 2019).

Some research has been done suggesting that 
in mouse models favipiravir may have efficacy 
against Ebola. However, its efficacy against Ebola 
in humans is unproven (Fink, 2015; Cohen, 2015; 
Sissoko et al., 2016).

In China the drug was approved for use in 
clinical trials for treating COVID-19 pneumonia. 
This started with experimental treatment in 
February 2020 (Li and De Clercq, 2020; Cai et al., 
2020; Dong et al., 2020). Clinical trials in Wuhan 
and Shenzhen on 340 patients, including a group 
of 80 divided in two – treated with favipiravir 
and with other means, demonstrated promising 
results: shortening of the illness, improvement of 
the clinical state in 91% of the ills, and in 62% of 
the treated by other means. On 17 March 2020, 
Chinese officials suggested that Favipiravir seemed 
to be effective in treating COVID-19 in Wuhan and 
Shenzhen (Hayden and Shindo, 2019).

On 22 March 2020 Italy has approved the 
drug for experimental use against COVID-19 and 
has begun conducting trials in 3 regions most 
affected by the disease. The Italian Pharmaceutical 
Agency, however, has reminded the public that the 
existing evidence in support of this drug is scant 
and preliminary (AIFA, 2020).
Remdesivir

Remdesivir (GS5734) is a novel antiviral 
drug in the class of nucleotide analogs. It is prodrug 
converted in the active structure which incorporates 
into nascent viral RNA chains and causes their  

pre-mature termination (Brunk, 2020). 
It was developed by Gilead Sciences as a 

treatment for Ebola virus disease and Marburg 
vi-rus infections (Lo et al., 2017). The compound 
possesses a large antivirus spectrum, showing 
antivi-ral activity against other single stranded 
RNA viruses, the paramyxoviruses respiratory 
syncytial virus, Nipah virus and Hendra virus, Junin 
virus, Lassa fever virus, and the coronaviruses 
(including MERS and SARS viruses) (Sheahan 
et al., 2017; Agostini et al., 2018; Brunk, 2020). 
In experiments in vivo in mice infected with 
MERS-CoV significantly decreased the lung virus 
titer, improved the lung function and diminished 
pathological damages in the lung tissue. Based 
on the success against other human coronavirus 
infections remdesivir was tested on SARS-
CoV-2. In cell culture experiments the compound 
manifested a very high activity – selectivity index 
(SI) SI >129.87 (EC50 0.77 µM, CC50 >100 µM) 
(Dong et al., 2020). This was confirmed in in vivo 
testing. The remdesivir producer Gilead provided 
remdesivir to physicians who treated an American 
patient infected with SARS-CoV-2 in Snohomish 
County, Washington (Holshue et al., 2020) and then 
provided the compound to China to conduct a pair 
of trials in infected individuals with and without 
severe symptoms.Two double-blind trials were 
started (Johnson, 2020). The one which will end in 
April this year, started with 200 mg in the first day, 
followed by a 9-days course by 100 mg. 

The compound has veterinary application 
for the treatment of feline coronavirus-induced in-
fectious peritonitis (Addie, 2020).
Chloroquine/Hydroxychloroquine

Formula: C27H35N6O8P; 
Molar mass: 602.585 g/mol

Formula: C18H26C1N3

Formula: C18H26C1N3O
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Chloroquine (Resochin©; chloroquine 
phosphate, Aralen©) is a medication primarily 
used to prevent and treat malaria in areas where 
malaria remains sensitive to its effects. Its potential 
antiviral activity was established by Savarino et al. 
(2006). Earlier, a research team of Rega Institute 
of Microbiologhy in Loeven showed effectiveness 
of the compound in cell culture test vs SARS-
CoV-1. Screening study in cell cultures vs human 
coronaviruses SARS-CoV-1, SARS-CoV MERS 
and human CoV 229E demonstrated a marked 
activity of chloroquine, superior as compared with 
the anti-HIV-1 compounds lopinavir and ritonavir 
(de Wilde et al., 2014). Recently chloroquine mani-
fested a very pronounced inhibitory effect on the 
replication of SARS-CoV-2 in cell culture study: 
EC50 1.13 µM and CC50 >100 µM,. SI >88 (Wang 
et al., 2020).

As concerns the mode of antiviral effect of 
chloroquine, it was established that chloroquine 
impaired the release of the virus from the endosome 
or lysosome. As a consequence, the virus is unable 
to release its genetic material into the cell and to 
replicate (Fredericksen et al., 2002). Besides, 
chloroquine acts as a zinc ionophore, that way 
allowing extracellular zinc to enter the cell and 
to inhibit viral RNA-dependent RNA polymerase 
(Velthuis et al., 2010; Xue et al., 2014).

In late January 2020 Chinese medical 
researchers stated that chloroquine have "fairly 
good inhibitory effects" on the SARS-CoV-2 virus 
(Wang et al., 2020) and requests to start clinical 
testing were submitted. Chloroquine has been 
approved by Chinese, South Korean and Italian 
health authorities for the experimental treatment of 
COVID-19. These agencies noted contraindications 
for people with heart disease or diabetes.

Hydroxychloroquine sulphate (Plaquenil©), 
is used to treat malaria in areas sensitive to 
chloroquine. Hydroxychloroquine is being studied 
as an experimental treatment for COVID-19, not 
been approved by FDA (Grady et al., 2020). The 
experimental treatment is authorized only for 
emergency use for people who are hospitalized but 
not included in a clinical trial. On 1 April 2020, the 
European Medicines Agency issued guidance that 
chloroquine and hydroxychloroquine are only to be 
used in clinical trials or emergency use programs 
(Corteliani et al., 2020).
Caletra (lopinavir/ritonavir)

Anti-HIV combination caletra (lopinavir + 
ritonavir), a medication including two com-
poundes proved to be HIV-proteas inhibitors, 

manifested an activity against SARS-CoV-1. A study 
on 80 patients comparing caletra to lopinavir and 
ritonavir applied individually found that it signifi-
cantly reduced viral clearance time to four days, 
compared with eleven days for the control group, 
and that 91.43% of patients had improved clearence 
time scans with few side effects. The limitation of 
this study is that it was not a randomized double-
blinded placebo-controlled clinical trial (Cao et al., 
2020).
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Introduction
Definition of colinfections

The group of colinfections combines sever-
al clinically manifested diseases and subclinical-
ly occurring infections, most commonly affecting 
newborn and growing animals and humans, caused  

 
 
by various members of the species Escherichia coli 
(Dimitrov, 1988; Bertschinger et al., 1992; Popova, 
2009).

Review

Sensitivity of Escherichia coli strains isolated from pigs in the period  
2006 - 2015 to antimicrobial drugs: review

Albena Dimitrova*, Simeon Yordanov
National Diagnostic Research Veterinary Medical Institute, Sofia, Bulgaria

Abstract
The paper provides a chronological review and analysis of the sensitivity test results for pathogenic 

strains of Escherichia coli isolated from pigs to the most commonly used antimicrobial drugs (AMD) in 
veterinary medicine for the period of 2006 – 2015.

The sensitivity of E. coli strains expressed in percentages from 51 to 100% in 2006-2010 was found 
to be within the range of 9-10 (37.5-47.6%) AMD, and in 2011- 2015 in the range of 5-11 (average 33.3%) 
AMD. The resistance of E. coli strains expressed in percentages from 51 to 100% in the first 5 years (2006 
- 2010) rangedwithin 7-8 (33.3%) AMD, and during the period of 2011-2015 was within the range of 5 to 
11 (33.3 - 41.7%) AMD.
Keywords: pigs, E. сoli, antimicrobial drugs, sensitivity 
Резюме

В статията се прави хронологичен преглед и анализ на резултатите от изпитванията за чувст-
вителност на изолирани от прасета патогенни щамове Escherichia coli към най-често употребявани 
във ветеринарномедицинската практика антимикробни средства (АМС) за периода 2006 – 2015 г. 

Установено е, че чувствителността на щамовете E. сoli, изразена в степен от 51 до 100% през 
2006 – 2010 година се движи в границите на 9-10 (37.5-47.6%) от АМС, а през периода 2011-2015 г. 
в границите на 5-11 (средно 33.3%) от АМС. Резистентността на щамовете E. сoli, изразена в степен 
от 51 до 100% през първите 5 години се движи в рамките на 7-8 (33.3%) от АМС, а през периода 
2011-2015 г. в границите от 5 до 11 (33.3-41.7%) от АМС. 

Установено е, че през периода 2006-2015 г. се запазва тенденцията за повишаване на резистент-
ността на щамовете E. сoli, изолирани от прасета, спрямо регистрираната през периода 2003-2005 
г., към амоксицилин, ампицилин, спектиномицин, стрептомицин, окситетрациклин, доксициклин, 
тилмикозин, еритромицин, линко-спектин, тиамулин и налидиксова киселина. 

За първи път резистентни E. сoli щамове към апрамицин, тилмикозин, тилвалозин, налидик-
сова киселина, флумеквин, енрофлоксацин и пефлоксацин, са регистрирани през 2006-2010 г. и към 
цефквином, цефотаксим, колистин и флорфеникол през 2011-2015 г.. 

Анализират се евентуалните причини и се препоръчват мерки за недопускане и ограничаване 
разпространението на резистентни E. сoli щамове.
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Colibacteriosis (CB), such as colienteritis and 
edema disease of pigs 

Colibacteriosis is one of the most widely 
spread diseases in suckling and growing pigs in all 
countries with advanced pig breeding. The disease 
is widespread both in traditional and industrial pig 
farms and causes great economic damage, entail-
ing serious problems for the sub-sector (Yordanov, 
1982; Dimitrova, 2009; Dragoycheva et al., 2011; 
Yordanov, 2014; Dimitrova et al., 2014; Petkova 
and Yordanov, 2016; Petkova, 2017). 

Out of 501 samples from pigs with gastroen-
teritis in the period 2003-2005, Dimitrova (2009) 
obtained 245 isolates in the assay, 22.8% of which 
were E. coli. 

In the next period (2006-2010), Dragoycheva 
et al. (2011) examined 335 samplesfrom pigs with 
diarrhea and in 129 cases (38.5%) isolated enter-
opathogenic (EPEC), enterotoxigenic (ETEC) and 
enterohaemorrhagic (EHEC) E. coli strains, more 
often from industrial complexes (45.2 %) and less 
often from traditional farms (37.8%) and private 
farms (36.6%), the average rate rising from 31.9% 
in 2006 to 58.6% in 2009. Lyutskanov (2012; 2013) 
and Petkova et al., (2014) found that the incidence 
of coli-infections in intensive pig production in 
2012-2014 was 100%, and Petkova (2017) report-
ed that in the period 2011-2015, coli infections in 
pigs in our country were caused by members of 12 
hemolytic and non-hemolytic serogroups, of which 
strains O157, O149, O20 and O74 were dominant, 
and strains O8, O9, O74 and O78 were accepted as 
new, reported in 2014.
Use of antimicrobial agents

In cases of CB in pigs, the antibiotics strep-
tomycin, neomycin, apramycin, spectinomycin and 
chloramphenicol were used in the past with good 
effect, but as some E. coli strains acquired resist-
ance against them, the aminoglycosides gentamicin, 
kanamycin and amikacin; amphenicols - florfenicol 
and thiamphenicol; quinolones - nalidixic acid, ox-
olinic acid and flumequine became more relevant 
in the following years (Courvalen, 1994; Dunlop 
et al., 1998; Yordanov et al., 1999; Plumb, 2002; 
Popova and Dimitrov, 2001; Yordanov et al., 2005; 
Sčuca, 2005; Popova, 2009; Vestič, 2012), and 
second- and third-generation fluoroquinolones ac-
tive against a large number of gram-negative and 
gram-positive bacteria: ciprofloxacin, norfloxacin, 
pefloxacin, enrofloxacin (accepted as the "gold 
standard"), marbofloxacin and orbifloxacin (Kan-
tardzhiev, 1998; Dimitrova et al, 2005; Popova and 
Todorov, 2008; Dimitrova, 2009; Dimitrova et al., 

2011; Popova, 2013; Dimitrova et al., 2014). There 
is no resistance to fluoroquinolones just yet or re-
corded resistance is very low, which is why they are 
referred to as strategic therapeutics (Georgiev et al., 
2010; Lyutskanov, 2012; Fraile, 2013; Yordanov 
and Dimitrova, 2014; Petkova and Yordanov, 
2016). In pig farms with permanent CB, in addi-
tion to the therapeutic course, metaphylactic course 
of therapy is applied using medicated (antibiotic) 
premixes, such as Colistin-premix, Nipoxim-pre-
mix, Fenivex-premix, Floron-premix, Oxytetracy-
cline-premix, Tetramutin-premix, etc. ffor treat-
ment of whole batches of pigs (Yordanov, 2014; 
Dimitrova, 2009; Lyutskanov, 2013; Dimitrova et 
al. 2016; Petkova, 2017). 
Occurrence of resistant E. coli strains

The occurrence of resistant E. coli strains is 
associated, on the one hand, with the frequency 
of occurrence of genetically modified individuals 
(mutations) and, on the other hand, with the wide-
spread use of certain antimicrobial drugs (AMD) 
(Dimitrov et al., 1984; Courvalen, 1994). Many of 
the agents used have already exhausted their ca-
pabilities due to the rapidly evolving resistance of 
microorganisms, which requires particular care in 
their selection (Dunlop et al., 1998; Habrun, 2010). 
According to Drumev (2001) and Friendship and 
Fraile (2013), both the poor choice of antimicrobial 
agents (AMCs) and antibiotic prophylaxis without 
a definite indication contribute to the development 
of resistance in microorganisms. 

Antimicrobials used in productive animals in 
Europe are often the same, or belong to the same 
classes as those used in human medicine. Therefore, 
antimicrobial resistance (AMR) is a major undesir-
able side effect of AMD use both in humans and 
animals. In this regard, some E. coli strains are an 
example of zoonotic bacteria that can be ingested 
by humans with food of animal origin (Close et al., 
2000; Zaharieva and Vassileva, 2019). According to 
Bosch (2004), even with the best management, pigs 
remain susceptible to bacterial infections, so the use 
of AMD will remain an integral part of their con-
trol, but this requires control of circulating E. coli 
strains and changes in their susceptibility to AMD. 

In any event, the use of AMD should be based 
on the proven sensitivity of the isolated pathogenic 
strains to them (Drumev, 2001; Dimitrova, 2009; 
Georgiev et al., 2010; Lyutskanov, 2012; Yordanov 
and Dimitrova, 2014; Dimitrova et al., 2014; 2016). 
According to Mos et al. (2010), the disk diffusion 
method (DDM) is reliable in antibiotic testing, eas-
ily feasible and effective, and its results are compa-
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rable to those of minimal inhibition concentration 
(MIC).
Results of E. coli susceptibility tests in previous 
periods

At the beginning of the new century, Dimi-
trova (2009) examined the susceptibility of E. coli 
strains isolated from pigs from different farms 
during the period 2003-2005, finding a sensitivity 
higher than 50% to: gentamicin 77.8%, sulfameth-
oxazole + trimethoprim (SMZ+T) 75%, pefloxacin 
66.7%, kanamycin and streptomycin 55.6% and 
flumequine 50%. At the same time, resistance over 
50% was demonstrated to erythromycin and lin-
co-spectin 100%,oxytetracycline 80%, tylosin and 
tiamulin 75%, spectinomycin and nalidixic acid 
60%, and doxycycline and tilmicosin 50%.

In a comparative susceptibility test for 16 
AMD with 32 E. coli strains isolated from pigs in 
2005, Yordanov et al. (2005) found that 75% of the 
strains were sensitive and 18.7% were moderately 
sensitive to enrofloxacin. Similar sensitivity (81.2% 
and 6.3%) was reported only for gentamicin and to 
some extent for kanamycin and flumequine. Signif-
icantly high resistance to other agents was found: 
amoxicillin 100%, streptomycin 73.4%, tetracy-
cline 66.6%, ampicillin 65%, spectinomycin 60%. 
It was confirmed that there was no cross-resistance 
between enrofloxacin and representatives of other 
antibiotic groups, as some of them, considered to be 
effective until recently, have been reported to have 
high resistance. 

Gin et al. (2015) found that AMR was of-
ten detectable among E. coli isolates in cases of 
post-weaning diarrhea of pigs (PWD) in France. 
The highest percentage of resistant ETEC isolates 
was found to amoxicillin (58.97%) and spectino-
mycin (48.08%), followed by apramycin (38.46%), 
neomycin (37.18%) and gentamicin (14.74%). 
Only 1.92% of the isolates were resistant to ceftio-
fur and none to amikacin and enrofloxacin. Increas-
inglylowersensitivity to colistin has been reported. 
In fattening pigs, the highest levels of AMR were 
found for tetracycline (52.1%), sulfamethoxazole 
(SMZ) (42.4%), ampicillin (38.5%) and trimeth-
oprim (32.2%), with only 39.2% of E. coli isolates 
fully sensitive to the range of AMD tested.
Purpose of the review.

We set out to do a chronological review and 
analysis of the results of investigations on E. coli 
pathogenic strains isolated from pigs in Bulgaria 
for sensitivity to the most commonly used antimi-
crobial agents in the period 2006 - 2015.

Results and Discussion 
Survey for the period 2006 – 2010 
In a pig-breeding complex with intensive 
exploitation of the breeding herd

Forty-one E. coli strains from 6 serogroups, 
relevant to both the complex and the country, were 
isolated from suckling and weaned pigs (Dimitrova 
et al., 2014). The isolated strains were tested for 
susceptibility to 20 AMD. A sensitivity of more than 
50% to 10 AMDs (47.6%), respectively to amino-
glycoside agents (amikacin 75-60%; gentamicin 
and kanamycin 62.5-60%; streptomycin and apra-
mycin 50%); fluoroquinolones (enrofloxacin 62.5-
100% and pefloxacin 62.5-80%); quinolones (na-
lidixic acid and flumequine 50%); and SMZ+T 
50-50% was recorded. High resistance, over 50%, 
was reported against 7 (33.3%) AMC: ampicillin 
75-80%; oxytetracycline 50-60%; doxycycline – 
75-60%; tylosin 62.5-60%; erythromycin 60-60%, 
spectinomycin 62.5-60%, and streptomycin 50% 
(Tables 1 and 2). 

The analysis of the data revealed that, with the 
exception of amikacin and kanamycin, the strains 
were resistant against all other AMD. For the first 
time, strains resistant to nalidixic acid, flumequine, 
pefloxacin and enrofloxacin were reported. These 
results are close to those found by Dimitrova et al. 
(2011) and are in line with the opinion of Drumev 
(2001) that both the poor choice of AMD and an-
timicrobial prophylaxis without definite indication 
contribute to the emergence of resistance in micro-
organisms.
In industrial pig complex 

Forty-seven E. coli strains isolated from in-
dustrially farmed pigs between 2006 and 2010 
showed high sensitivity to 9 (37.5%) antibiotics 
in susceptibility testing conducted by Dimitrova et 
al. (2011) with 24 AMD: florfenicol (87.5%), en-
rofloxacin (76%), pefloxacin (78.7%), cefquinome 
(71.4%), gentamicin (68.3%), flumequine (62.5%), 
kanamycin (55.6%), amikacin (51.9%) and SMZ+T 
(52.9%); average sensitivity to: apramycin (80%), 
tilmicosin (53.1%), ampicillin (44.8%), oxytet-
racycline (44.4%), colistin (41%) and amikacin 
(40.7%), and the highest resistance to 8 (33.3%) 
of the agents: linco-spectin (100%), tylvalosin 
(95.4%), oxytetracycline (87.9%), tylosin (80%), 
doxycycline (68.42%), spectinomycin (60%) and 
nalidixic acid (60 %).No resistance to enrofloxacin, 
florfenicol, and cefquinome was recorded.

The data are largely in line with the findings 
of Yordanov et al. (2005) and it is noteworthy that 
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some ETEC strains in pigs are no longer sensitive 
to tetracyclines, macrolides and linco-spectin. What 
is striking is the rather high percentage (53.1%) of 
medium-sensitive strains to tilmicosin, unlike the 
other members of the group, which is in support of 
what was already established by Dimitrova (2009). 
The information about high resistance (60%) to na-
lidixic acid and spectinomycin is disturbing.

In industrial pig complexes and pig farms from 
different regions 

In studies on colibacteriosis in suckling and 
growing pigs in intensive pig production, Lut-
skanov (2013) tested the susceptibility of E. coli 
strains isolated in the period 2006-2010 to 11 of the 
most commonly used AMD, and found that with 
the exception of doxycycline, to all others, it ranged 
from 66.9% to 96.7%, as follows: amoxacillin and 

Table 1. Sensitivity of E. coli strains, isolated from pigs in 2006 – 2015 in degree from 51 % to 100%  
to used AMD

№ Antimicrobial
drugs

2005 
-

2009

2006 
-

2010

2006 
-

2010

2010 
-
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-
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2011
-
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-
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2014 2014 
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-
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1 Amikacin + + + + + + + + + + +
2 Apramycin + + + + +
3 Gentamicin + + + + + + + + + + + +
4 Kanamycin + + + + + + + + + + +
5 Spectinomycin +
6 Streptomycin +
7 Amoxicillin +
8 Ampicillin
9 Oxytetracycline +

10 Doxycycline
11 Cefquinome + + + + +
12 Cefotaxime + + + + +  
13 Erythromycin
14 Tylosin
15 Tilmicosin
16 Tylvalosin
17 Linco-spectin +
18 Colistin +
19 Florfenicol + + + + + + + + + +
20 Nalidixic acid +
21 Flumequine + + + +
22 Enrofloxacin + + + + + + + + + + +
23 Pefloxacin + + + + + + + +
24 Ciprofloxacin + + +
25 Norfloxacin + + + + + +
26 Tiamulin
27 SMZ + T + + + + + + + + +

Num. 10 9 9 8 10 11 11 11 5 8 8 7
% 47.6 37.5 81.8 66,7 58.8 45.8 45.8 42.3 20 33.3 33.4 26.9

Dim. + - Dimitrova et al. (2014)
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gentamicin 75.6%, neomycin 78%, spectinomycin 
66.9%, tetracycline 83.4%, colistin 93.1% , flum-
equine 86.4, enrofloxacin 87.9%, and florfenicol 
83.4%. The data differ from the results of Yordanov 
et al. (2005) and Dimitrova (2009), which may be 
due both to the origin of the isolates and to the an-
timicrobial agents and regimens used in the respec-
tive farms. 

Survey for the period 2011 – 2015 
In pig complex with total replacement of the 
breeding herd 

In 2010, in pig-breeding complexes with in-
tensive exploitation, after total replacement of the 
breeding herd with gilts from only one reproduc-
tive base (RB), 10 E. coli strains were isolated from 
two serogroups, one of which was new, and in 2011 

Table 2. Resistance of E. coli strains, isolated from pigs in 2006 – 2015 in degree from 51 % to 100%  
to used AMD

№ Antimicrobial
drugs
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-

2010
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-
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1 Amikacin
2 Apramycin + +
3 Gentamicin
4 Kanamycin
5 Spectinomycin + + + + + + + +
6 Streptomycin + + + +
7 Amoxicillin + + + + + + +
8 Ampicillin + + + + + + + + +
9 Oxytetracycline + + + + + + + + + + +

10 Doxycycline + + + + + + + + + +
11 Cefquinome + + +
12 Cefotaxime + +
13 Erythromycin + + + + +
14 Tylosin + + + + + + + + + +
15 Tilmicosin + + + + + + + + +
16 Tylvalosin +
17 Linco-spectin + +
18 Colistin + + + +
19 Florfenicol
20 Nalidixic acid + + + +
21 Flumequine + +
22 Enrofloxacin
23 Pefloxacin
24 Ciprofloxacin
25 Norfloxacin
26 Tiamulin + + + + + + + +
27 SMZ + T

Num. 8 7 1 7 5 9 9 9 9 13 11 12
% 40 29.2 9.1 33.3 29.4 37.5 37.5 37.5 36 54.2 42.3 46.1
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19 strains were isolated from 4 serogroups, 3 of 
which were new to the complex (Dimitrova et al., 
2014). Of the 12 (66.7%) E. coli strains tested, 
8 (72.5%) were more than 50% sensitive to: 
amikacin 80-100%; gentamicin 40-100%; kanamy-
cin 40-85.7%; cefquinome 80-85.7%; cefotaxime 
60-85.7%; florfenicol 80-42.9%; enrofloxacin and 
pefloxacin 40-100%. Evidently, with the exception 
of florfenicol, sensitivity to the rest of AMD was 
increased. Over 51% of the strains were resistant 
to 7 kinds (58.3%) of AMD: streptomycin 60-
42.9%; spectinomycin 60-14.2%; ampicillin 80-
71.4%, oxytetracycline and doxycycline 60-42.9%; 
erythromycin 80-71.4% and tylosin 50-42.5%. It 
is evident that the resistance of all strains reported 
in 2013 was reduced compared to that established 
for 2012, with more than 50% for ampicillin and 
erythromycin alone. These results are likely to have 
been achieved through the repair of the breeding 
herd and the replacement of circulating strains, as 
well as the measures implemented for this purpose 
recommended by Binek et al. (1994), Courvalen 
(1994), Drumev (2001) and Fraile (2013). 
In a semi-industrial pig farm with import of 
replacement pigs and fattening pigs from Western 
Europe in 2012-2013

Dimitrova et al. (2013) isolated from healthy 
and diseased pigs 37 strains of E. coli from 7 sero-
groups, of which O8, O157, O136 and O20 were 
dominant. When tested for sensitivity to 17 AMD, 
a sensitivity of 51 to 100% was found to 10 (58.8%) 
AMD: aminoglycosides (amikacin, kanamycin, 
gentamicin, apramycin), quinolones (flumequine), 
fluoroquinolones (enrofloxacin, ciprofloxacin), am-
phenicols (florfenicol) and SMZ+T, which corre-
sponds to their pharmacological characteristics but 
also shows some decrease due to their widespread 
use during that period. Resistance data show that 
out of 17 AMD, one was found in 9 (53%) of them, 
and more than 50% in 5 kinds (294%) of AMD: 
oxytetracycline (90%), streptomycin (90%), amox-
icillin (85%), tilmicosin (70%) and tiamulin (70%). 
Oxytetracycline, colistin and especially streptomy-
cin (90%) are considered to be an indicator of ac-
quired resistance. 
Resistance of E. coli strains in weaning pigs from 
different regions in 2011-2015

In a longer study on the sensitivity of E. coli 
strains isolated from pigs in the period 2011-2015, 
Petkova (2017) found that out of the 24 AMD used, 
the numberand the corresponding percentage of 
susceptible and resistant strains varied in differ-

ent years. In 2011, isolates were 51%-100% sen-
sitive to 7 (29.2%) AMD: gentamicin, kanamycin, 
amikacin, florfenicol, enrofloxacin, pefloxacin and 
SMZ+T, and resistant to 5 (20.1%) AMD; in 2012, 
they were sensitive to 11 (45.8%) of the agents: 
gentamycin, kanamycin, apramycin, amikacin, 
cefquinome, cefotaxime, florfenicol, enrofloxacin, 
pefloxacin, norfloxacin and SMZ + T, and resist-
ant to 8 (33.3%); in 2013, they were sensitive to 11 
(45.8%) AMD: gentamicin, kanamycin, apramycin, 
amikacin, cefquinome, cefotaxime, florfenicol, en-
rofloxacin, pefloxacin, norfloxacin and SM + T, and 
resistant to 7 (29.2%). In 2014, they were sensitive 
to 6 (25%) of the AMD: gentamicin, amikacin, flor-
fenicol, enrofloxacin, norfloxacin and SMZ + T, 
and resistant to 9 (37.5%), and in 2015 sensitive 
to 7 (29.2%) AMD: gentamicin, kanamycin, amik-
acin, florfenicol, enrofloxacin, pefloxacin and nor-
floxacin, and resistant to 11 (45.8%). 

In summary, from 2011 to 2015, isolated E. 
coli strains were sensitive to 20 (83.3%) of the 
24 AMD used, but 51%-100%-resistant only to 8 
kinds (33.3%): gentamicin, kanamycin, amikacin, 
florfenicol, enrofloxacin, pefloxacin, norfloxacin 
and SMZ + T, of which amikacin, kanamycin and 
SMZ + T are rarely used in veterinary medicine. At 
the same time, there was resistance to 22 (91.7%) 
AMD, of which 51%-100%-resistant to 10 (41.7%): 
ampicillin, amoxicillin, spectinomycin, oxytetracy-
cline, doxycycline, erythromycin, tylosin, tilmico-
sin, nalidixic acid and tiamulin, which is 8.4% more 
than the sensitive and is a worrying trend in the de-
velopment of antimicrobial resistance of pathogen-
ic E. coli in pigs. The data confirm the findings of 
Gavrocič et al. (2011) that 50% of strains isolated 
from pigs show multiple resistance and are in line 
with the findings by Courvalent (1994) and Popova 
(2013) that there is an increasing resistance of some 
of the strains to AMD. The opinion of some authors 
(Drumev, 2001; Dunlop et al., 1998; Georgiev 
et al., 2010) confirms that, in addition to genetic 
changes, the poor selection of antimicrobial agents 
and their unnecessary use for no definite indication 
or in inappropriate doses and courses contribute to 
the emergence of resistance in bacteria.
Surveys for 5 consecutive years, 2011 – 2015

Sensitivity studies of 62 intestinal E. coli 
strains isolated from pigs conducted by Yordanov 
et al. (2016) showed that in 2011 the strains were 
most sensitive to 7 AMD: enrofloxacin (100%), 
pefloxacin and florfenicol (80%), followed by gen-
tamicin, kanamycin, amikacin and SMZ + T (60%). 
The highest rates of resistant strains were found to 

9%
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6 AMD: ampicillin (80%), oxytetracycline, doxy-
cycline, erythromycin, tylosin, and spectinomycin 
(60%). In 2012, the E. coli strains tested were sen-
sitive to 9 of the agents: amikacin (93.3%), norflox-
acin, cefquinome, SMZ + T and florfenicol (80%), 
followed by kanamycin (73.3%), gentamicin, enro-
floxacin and pefloxacin (66.6%). Most frequently, 
E. coli continued to be resistant to 8 AMD: ampicil-
lin, oxytetracycline, erythromycin and spectinomy-
cin (80%); tiamulin (70%) and doxycycline, tilmi-
cosin and streptomycin (60%). The established re-
sistance, though still low (6.7%), to the members of 
the quinolone and fluoroquinolone groups and, for 
the first time, to florfenicol, is of concern because 
these data differ from older results by Yordanov 
et al. (1999) about the absence of strains resistant 
to flumequine and florfenicol. These results con-
firm the opinion of Binek et al. (1994) that some 
antibacterial agents have exhausted their capabili-
ties and there is a need to fight in two directions: 
against the possibility of emergence of resistance 
and against already existing resistance (Drumev, 
2001; Georgiev et al., 2010; Vestič, 2012; Fraile, 
2013). The data for 2013 show increased sensitivity 
of E. coli to 9 of the AMD used: amikacin (100%), 
gentamicin, kanamycin, enrofloxacin, pefloxa-
cin and cefquinome (85.7-88.2%); to cefotaxime 
and apramycin (65%) and retention of norfloxacin 
(80%), which is most likely due to the imposed re-
striction on the use of some of them. Some decrease 
in sensitivity was found for SMZ + T (70.5%) and 
florfenicol (64.6%), which in turn appeared to be 
the replacements of the first ones. The strains were 
most resistant to 7 (30.5%) of the AMD: amoxicil-
lin (80%), ampicillin, erythromycin, oxytetracy-
cline and tiamulin (70 - 71.4%) and to a large extent 
(58.7%) to tilmicosin and spectinomycin, which on 
the one hand, with the exception of spectinomycin, 
is explained by their general characteristics and, 
on the other, by the widespread use of tetracycline 
agents. Close (2000) is of the opinion that this is a 
natural and inevitable phenomenon, as well as that 
there is a need to test pathogenic E. coli strains for 
susceptibility, to select appropriate therapies and 
metaphylactics, and to refrain from using certain 
AMD for a specified period of time (Dimitrova, 
2009; Lyutskanov and Urumova, 2010; Yordanov 
and Dimitrova, 2014; Dimitrova et al., 2011, 2014). 
In 2014, a decrease in E. coli strains sensitive to 
the AMD was reported. All tested strains were only 
sensitive (100%) to amikacin. Sensitivity to SMZ 
+ T (77.8%), gentamicin, and florfenicol (61%) 
and enrofloxacin and norfloxacin (50%) remained 

unchanged to some extent. In regard to quinolones 
and fluoroquinolones, the reported sensitivity is less 
than 50%. Inversely, resistant strains were found 
to 18 of the agents, for 9 of them (39.1%) it was 
from 51% to 100%, including amoxicillin, oxytet-
racycline, tiamulin, ampicillin, tilmicosin, colistin, 
tylosin, doxycycline and spectinomycin. The rate 
of resistance to: amoxicillin, oxytetracycline, am-
picillin, and tiamulin (71.4-88.9%), as well as to 
tilmicosin, doxycycline, spectinomycin and tylosin 
(58.3-66.7%) increased. Against this background, 
the established resistance to florfenicol (5.6%) may 
be considered low, but the fact that 33.6% of the 
strains already have an average sensitivity to it sug-
gests a negative trend in this process. The findings 
for 2015 show that of the 24 AMD only 12 kinds 
(50%) of them were active against E. coli to varying 
degrees. Only 7 kinds (29.2%) of them were report-
ed with higher sensitivity: enrofloxacin, florfenicol, 
amikacin and kanamycin (85.7%) and gentamicin, 
pefloxacin and norfloxacin (71.4%- 57.1%). Resist-
ant strains were identified to 16 of the agents, with 
11 (45.8%) ranging from 51% to 93.9%, confirming 
what was expressed by Gavrocič et al. (2011) that 
multiple AMD resistance was established in 50% of 
the strains isolated from pigs. 
In pigs from different pig farms and pig-breeding 
complexes 

In a study by Dimitrova et al. (2016), 43 E. 
coli strains isolated from pigs in the period 2012-
2014 were tested for sensitivity to 26 AMD. As a 
result, sensitivity was found to 22 (84.6%) of them, 
but only to 11 (42.3%) it was ranging from 51% to 
100%, including to: amikacin 94.1%, ciprofloxacin 
80%, kanamycin 73.7%, enrofloxacin 72.7%, SMZ 
+ T 67.9%, gentamicin 67.5%, florfenicol 67.4%, 
cefotaxime 66.7%, cefquinome 60.7%, apramycin 
58.1% and pefloxacin 52.2%. Of the remaining 15 
AMD, 11 (42.3%) were active in only 1% to 10% of 
the cases. Resistant strains were established against 
22 of the AMD, of which 9 were 51%-80.7% re-
sistantto: amoxicillin 80.7%, erythromycin 80%, 
ampicillin 72.2%, oxytetracycline 72.2%, tiamu-
lin 70%, doxycycline 64.7%, streptomycin 63.1%, 
tilmicosin 62.2% and tylosin 52.9%.
In weaned pigs 

In their studies on E. coli infections in weaned 
pigs, Petkova et al. (2014) found that E. coli strains 
isolated in 2014 were more than 50% sensitive to 
only 5 (20%) AMD: - amikacin (100%), kanamy-
cin (80%), gentamicin (77%), CMZ+T (71.4%) and 
norfloxacin (66.7%); also moderately sensitive to 



16

5 (20%): pefloxacin (66.7%), florfenicol (61.5%), 
cefuroxime (60%), flumequine and nalidixic acid 
(50%) and resistant to 9 (36%) AMD: amoxicillin, 
ampicillin and tetracycline (100%), cefquinome 
(80%), oxytetracycline, colistin (76.9%), tiamulin 
(71.4), and tylosin and tilmicosin (60%). These 
findings, compared with the results of Dimitrova et 
al. (2013), showed that 100% sensitivity of E. coli 
strains was observed only to amikacin, whereas to 
gentamicin, enrofloxacin, pefloxacin, kanamycin 
and cefuroxime, it decreased from 5.7% to 33%, 
which is alarming. Moreover, as compared to 2013, 
resistance to tetracycline and macrolide agents in-
creased from 17.1% to 27.1%, and to ampicillin 
and erythromycin - by 28.6%, which, according 
to Drumev (2001) and Yordanov and Dimitrova 
(2014), contributes to their widespread and often 
unjustified use in the treatment and metaphylactics 
of many bacterial and viral diseases. 
In weaned and growing pigs

Petkova (2017) studied the sensitivity of E. 
coli strains isolated from weaned and growing pigs 
in 2015 to 26 currently used AMD, finding that the 
strains exhibited sensitivity to a total of 16 AMD, of 
which 51-100% sensitivity to 7 (26.9%): amikacin, 
kanamycin, gentamicin, florfenicol, norfloxacin, 
enrofloxacin and ciprofloxacin. Resistant strains 
were established to 23 (88.5%) AMD, of which 
more than 50% to 13 (50.0%): amoxicillin, ampicil-
lin, spectinomycin, oxytetracycline, doxycycline, 
cefquinome, cefotaxime, tylosin, linco-spectin, 
colistin, nalidixic acid, flumequine and tiamulin. 
The test data show that the sensitivity, compared to 
the results of Dimitrova et al. (2013), is observed 
only to amikacin, whereas for gentamicin, enro-
floxacin, kanamycin, and cefuroxime, it is severely 
reduced, which is alarming. In addition, resistance 
to tetracyclines, macrolides, linco-spectin and some 
aminoglycosides increased from 17.1% to 28.6%, 
which, according to Drumev (2001), Yordanov 
and Dimitrova (2014), is most often due to their 
widespread and not always justified application for 
therapy and metaphylactics of certain bacterial and 
viral diseases. The high sensitivity to ciprofloxacin 
(100%), amikacin (97.4%) and kanamycin (77.8%) 
is attributed to both their pharmacological charac-
teristics (Popova, 2009; Georgiev et al., 2010) and 
to their limited use in veterinary medicine. Overall, 
these results are largely consistent with the data of 
Gin et al. (2015), whohave come to believe that an-
timicrobial resistance is often detectable among E. 
coli isolates in cases of post-weaning diarrhea in 
pigs.

Conclusion
A review and analysis of the sensitivity and 

resistance of E. coli strains isolated from pigs in 
the period 2006-2015 to the most commonly used 
AMD shows that: 

The sensitivity of E. coli strains in the first 
5years ranges from 51% to 100%, to 9 to 10 kinds 
(37.5-47.6%) of AMD: amikacin, gentamicin, kan-
amycin, spectinomycin, florfenicol, flumequine, 
enrofloxacin, pefloxacin and SMZ+T., and in the 
second 5 years to 5–11 (avg. 33.3%) AMDs, includ-
ing: amikacin, apramycin, gentamicin, kanamycin, 
cefquinome, cefotaxime, florfenicol, enrofloxacin, 
pefloxacin, ciprofloxacin, norfloxacin and SMZ+T., 
from 2011 to 2014 the sensitivity decreased mark-
edly from 10 to 5 AMD, in 2014 increased to 11 , 
and again decreased to 8 AMD in 2015. 

The resistance of E. coli strains isolated from 
pigs to the most commonly used AMD, ranging 
from 51% to 100% in the first 5 years (2006-2010) 
was manifested against 7-8 kinds (33.3%) of AMD: 
apramycin, spectinomycin, ampicillin, oxytetracy-
cline, doxycycline, erythromycin, tylosin, tilmico-
sin, tylvalosin, linco-spectin and nalidixic acid, and 
in the second 5 years (2011-2015) was against 5 to 
11 kinds (33.3-41.7) of AMD, while in 2011, 2012 
and 2013 was in the range of 5-8 AMD, and in 2014 
and 2015 it increased to 11 , with higher resistance to 
amoxicillin, cefquinome, cefotaxime, nalidixic acid, 
colistin, tiamulin, flumequine and streptomicin.

It was found that in the period 2006-2015 the 
tendency of increased resistance of E. coli strains 
isolated from pigs to the existing AMD remained 
unchanged in the period 2003-2005 to amoxicillin, 
ampicillin, spectinomycin, streptomycin, oxytetra-
cycline, doxycycline, tilmicosin, erythromycin, lin-
co-spectin, tiamulin and nalidixic acid. 

For the first time, in the years 2005-2010, re-
sistant E. coli strains isolated from pigs were recorded 
chronologically to nalidixic acid, flumequine, apra-
mycin, spectinomycin, pefloxacin and enrofloxacin, 
and in 2011-2015 to ampicillin, tilmicosin, tylvalosin, 
colistin, florfenicol, cefquinome and cefuroxime. 

The present review on the susceptibility of 
E. coli strains pathogenic to pigs demonstrates the 
need for awareness among human and veterinary 
doctors, the public and farmers to take steps to pre-
vent the emergence and spread of resistant bacte-
ria that have become a challenge to humanity. The 
implementation of new methods for monitoring 
AMR, the reasonable and justified use and control 
of the use of AMD should be a mandatory part of 
the AMR strategies.
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Introduction
Popular depictions of space exploration as 

well as government life support research programs 
have long assumed that future planetary bases 
would rely on small scale, closed ecological sys-
tems with crop plants producing food, water, and 
oxygen and with bioreactors recycling waste.

Among the wastes that are formed in the con-
ditions of manned space flight, a significant pro-
portion are cellulose-containing materials such as 
personal hygiene products, uneaten parts of plants 
from greenhouse, etc. (Ilyin et al., 2004; 2018). 
Organic waste collection and containment present 

 
 difficulties and challenges for the each manned 
space mission. These materials must be processed 
onboard the spacecraft, which requires technolo-
gies based on low energy consumption, high pro-
cessing speed, on the area, volume and mass of the 
processing system. Microbial degradation, for both 
economic and ecological reasons, has become an 
increasingly popular alternative for the treatment of 
organic waste in the space stations. It offers several 
advantages: low energy, mild operation conditions 
and control on biological hazard of the wastes.

Review

Capacity of fungi for biodegradation of cellulose wastes generated at 
manned space flight

Ekaterina Krumova, Hristo Najdenski, Vladislava Dishlijska, Radoslav Abrashev, Galina 
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Abstract
The amount of waste generated on manned long-duration space missions away from Earth orbit 

creates the daunting challenge of how to manage the waste through reuse, rejection, or recycling. Microbial 
degradation, for both economic and ecological reasons, has become an increasingly popular alternative 
for the treatment of cellulose containing organic waste in the space stations. This approach offers several 
advantages: low energy, mild operation conditions, control on biological hazard of the wastes, etc. Fungi 
are the main cellulose-degrading microorganisms in the nature and their cellulolytic features are object 
of intensive studies. This review describes the ability of anaerobic, aerobic, and microaerophilic fungi to 
degrade organic wastes generated during manned space flight.
Keywords: fungi, celullose-containing waste, biodegradation, manned space-flight 
Резюме

По време на пилотируемите космически мисии, далеч от земната орбита в станциите се натруп-
ват големи количества органични целулоза съдържащи отпадъци. Тяхното управление чрез повтор-
на употреба, изхвърляне или рециклиране е изключително предизвикателство за науката. Микроб-
ното разграждане на място, в космическите станции, се превръща във все по-популярна алтернатива 
по икономически и екологични причини. Този метод предлага няколко предимства: ниска енергия, 
меки условия на работа и контрол върху биологичната опасност на отпадъците. Гъбите са основните 
микроорганизми, които разграждат целулозата в природата и техните целулозолитични свойства са 
обект на интензивни проучвания. Този обзор разглежда способността на анаеробните, аеробните и 
микроаерофилните гъби да разграждат органичните отпадъци, натрупвани по време на пилотиру-
емите космически полети.
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For the most part the organic wastes are dis-
posable personal hygiene items used in large quan-
tities containing human body products, which are 
very dangerous from the sanitary-epidemiological 
standpoint. Thus, it is very important to develop a 
process of biotransformation of the used personal 
hygiene products of cosmonauts, as well as vege-
table and liquid organic waste, to the life support 
systems of space crews.
Structure of cellulose materials

Cellulose-containing wastes include agricul-
ture residue, water plants, grasses, and other plant, 
food and higiene materials and substances. In gen-
eral, agricultural waste biomass is composed of cel-
lulose (C6H10O5)n, hemicellulose (C5H8O4)m, lignin 
[(C9H10O3(OCH3)0.9–1.7]x, pectin, extractives, 
glycosylated proteins and several inorganic mate-
rials (Akhtar et al., 2015). The main occurrence of 
cellulose is the accessible lignocellulosic substance 
in forests, with wood as the most essential source 
(Sundarraj and Ranganathan, 2018). Cellulose oc-
curs in almost pure form in cotton fiber (Kalia et al., 
2011). However, in wood, plant leaves and stalks, it 
is found in combination with other materials, such 
as lignin and hemicelluloses. In addition to cellu-
lose and hemicellulose, wood also contains lignin.

Cellulose is the most abundant form of or-
ganic waste, including these of space stations. It is 
a fibrous, tough, and water-insoluble polymer and 
plays an essential role in maintaining the structure 
of plant cell walls. It has been shown to be a long-
chain polymer with repeating units of D-glucose 
linked by b-1,4-glycosidic bonds to form linear 
polymeric chains of over 10 000 glucose residues. 
These residues are highly organized into micro and 
macrofibrils. 

Cellulose contains both highly crystalline 
regions where individual chains are linked to each 
other and less-ordered amorphous regions; material 
in amorphous regions may not be able to partici-
pate in reactions if blocked by a preceding crystal-
line region. The stabilities of crystalline forms are 
similar and may depend on the temperature. A va-
riety of different crystalline forms of cellulose are 
known. Cellulose Ia, Ib are meta-stable and after 
recrystallisation or treatment with strong base yield 
cellulose II. In each crystalline state the patterns of 
hydrogen bonding differ; the orientation of chains 
differs between phase I, where the chains are paral-
lel, and phase II where the chains are anti-parallel. 
The different phases have different chemical and 
physical properties although it is not known to what 
extent these differences influence the degradation 

rates of celluloses.
Native cellulose (exemplified by cotton 

wool) has a greater degree of polymerization and a 
smaller fraction of reducing end groups than treat-
ed cellulose (e.g. tissue) and therefore the rate and 
extent of hydrolysis of cotton wool is less than that 
of tissue (Bassil et al., 2015).

Cellulose and hemicellulose have very dif-
ferent physical and chemical characteristics which 
have direct relevance to their degradation in repos-
itories e.g. cellulose is insoluble in alkali and hemi-
cellulose is soluble. Hemicellulose is branched 
polymer which contain a range of different mono-
saccharides. It has considerably smaller degree of 
polymerisation when compared to cellulose. Hemi-
celluloses from different plant species have dif-
ferent compositions but the major constituents are 
xylans, galactoglucomannans, glucomannans and 
arabinogalactans.

Lignin, the third largest available biopolymer 
in nature, consists of a phenyl propane (p-coumaryl 
alcohol, coniferyl alcohol and sinapyl alcohol) unit 
linked with ester bonds that forms a complex with 
hemicellulose to encapsulate cellulose, making it 
resistant towards chemical and enzymatic hydrol-
ysis. Lignin-enriched biomass is more resistant for 
the depolymerisation of holocellulose (cellulose 
and hemicellulose) to produce fermentable sugars. 
In addition, during the degradation process, it may 
form furan (furfural and hydroxymethyl-furfural) 
compounds that could inhibit fermentation (Akhtar 
et al. 2015). In generally, the saccharification of 
lignocellulosic biomass is still technically prob-
lematic because of digestibility of cellulose, which 
is hindered by structural and compositional factors 
(Akhtar et al., 2915).
Cellulose-containing wastes generated during 
the manned space flights 

Recovery of various organic wastes accumu-
lated in the manned space flight is an actual prob-
lem of modern astronautics and future interplane-
tary missions. Optimal and rapid biodegradation 
of lignin and other cellulosic materials by fungi is 
paramount in the use of these organisms to achieve 
effective biomass recycling in ALS. It is thus im-
perative for a spacecraft’s environmental control 
and life support system (ECLSS) to be able to han-
dle all types of waste, be they solid, liquid, or gase-
ous. Such waste accumulation also presents consid-
erable vehicle storage and crewmember handling 
challenges. Each space mission needs logistics that 
includes, but are not limited to, water, oxygen, ni-
trogen, clothing, waste collection, hygiene, health-
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care and consumables (Lopez et al., 2015; Wang et 
al., 2018). A necessary element of the closed LSS 
of manned spacecraft is considered greenhouses 
for the reproduction of the vegetative part of the 
diet of cosmonauts. Among the crops suggested for 
growth in space are wheat, rice, carrots and mush-
rooms (Nyochembeng et al., 2019). Uneaten parts 
of plants are waste from greenhouses. Cellulosic 
wastes include feces, food refuse, paper, cotton, 
clothing, wipes, grey tapes etc. In addition, wastes 
may be in mixed form such as “semi-solid” (Pul-
lammanappallil and Dhoble, 2010). 

The advantages of the biodegradation waste 
management in general are the following: it allows 
to diminish the volume of organic wastes, the bio-
logical hazard of the wastes is controlled, and this 
system may be compatible with the other systems 
Life Support Systems for long-term space flights.

Among the wastes that are formed in the con-
ditions of manned space flight, a significant propor-
tion is spent on personal hygiene (Ilyin et al., 2018). 
Astronauts use for hygiene needs chiefly napkins 
and towels on cellulose basis, forming the greater 
part of the wastes (Simeonov et al., 2010). These 
waste contains products of human body secretion, 
which are dangerous in the sanitary-epidemiologi-
cal sense. According to Caraccio et al. (2013) hy-
giene items generated by four persons during one 
year mission could be more than 280 kg.
Mechanisms of cellulose-containing waste 
degradation by fungi

Most of the cellulolytic microorganisms be-
long to eubacteria and fungi, even though some an-
aerobic protozoa and slime molds able to degrade 
cellulose have also been described (Fig. 1).

They produce a battery of enzymes with dif-

ferent specificities, working together. Cellulases are 
enzymes that hydrolyze the β-1,4-glycosidic link-
ages of cellulose, such as endo-1,4-β-glucanases 
(Egs, EC 3.2.1.4), cellobiohydrolases (or exo-1,4-
β-glucanases) (CBHs, EC 3.2.1.91) and β-glucosi-
dases (EC 3.2.1.21) (Pérez et al., 2002). EGs break-
down cellulose by attacking the amorphous regions 
to produce more accessible new free chain ends 
for the action of CBHs. An effective hydrolysis of 
cellulose also requires b-glucosidases, which break 
down cellobiose releasing two glucose molecules. 

Theoretically, this enzyme assemblage is suf-
ficient to degrade cellulose completely into glucose, 
and commercial cellulase mixtures typically include 
these enzymes in varying proportions. However, 
the crystalline portion of cellulose is only partially 
attacked by hydrolytic enzymes, and in practice, its 
degradation proceeds slowly and is incomplete. For 
cellulose degradation additional components must 
be present to achieve complete hydrolysis, a cock-
tail of β-glucosidases, endoglucanases, and exoglu-
canases are required. Hydrolysis of hemicellulose 
requires enzymes with additional functionality, in-
cluding xylanases and mannanases. To access these 
sugar polymers from crude biomass, it is often 
necessary to solubilize lignin, which is crosslinked 
within cellulosic and hemicellulosic fibers. For this 
process, accessory enzymes such as polysaccha-
ride deacetylases, peroxidases, and esterases are 
required (Fig. 2) (Gilmore et al., 2015).

The anaerobic microorganisms utilize com-
plexed cellulase systems for cellulose degradation, 
called cellulosomes. Bacterial cellulosomes typi-
cally contain enzymes required only for cellulose 
degradation while fungal enzyme complexes con-
tain a richer diversity of enzymes to enable degra-
dation of crude plant material. 

Fig. 1. Enzyme degradation of cellulose-containing biomass by bacteria and fungi (Gilmore et al., 2015).
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Cellulases assemble in close proximity on 
a noncatalytic protein called a scaffoldin. The en-
doglucanse reduces the degree of crystallinity of 
the cellulose substrate and liberates both cellulose 
chain ends. The exoglucanase processes along a 
free chain, freeing cellobiose with each cleavage. 
This cellobiose is then transferred to a nearby 
b-glucosidase, which hydrolyzes it into two glu-
cose monomers.

Fungal genera Trichoderma, Fusarium and 
Aspergillus are thought to be cellulase producers, 
and crude enzymes produced by these microorgan-
isms are commercially available for use. Fungi of 
the genus Trichoderma produce relatively large 
quantities of endo-ß-glucanase and exo-ß-glu-
canase, but only low levels of ß-glucosidase, while 
those of the genus Aspergillus produce relatively 
large quantities of endo-ß-glucanase and ß-gluco-
sidase with low levels of exo-ß- glucanase produc-
tion.

Fungi are the main cellulase producing micro-
organisms, though a few bacteria and actinomycet-
es have also been reported to yield cellulase activity 
(Kadarmoidheen et al., 2012). They are capable of 
degrading and utilizing cellulose and hemicellulose 
as carbon and energy sources. Most emphasis has 
been placed on the use of fungi because of their ca-
pability to produce copious amounts of cellulases 
and hemicellulases which are secreted into the me-
dium for easy extraction and purification.

One of the most important features of cellu-
lose as a substrate for microorganisms is its insolu-
bility. Bacterial and fungal degradation of cellulose 
and other insoluble polymers occurs exocellularly, 
either in association with the outer cell envelope 
layer or extracellularly. This suggests that the as-
sembly of enzyme systems, which may be extreme-
ly complex, also occurs exocellularly. To function, 
these enzyme systems must be stable in the exo-

cellular environment; for example, they must be 
reasonably resistant to proteolytic attack. Also, the 
products of cellulose hydrolysis may be available 
as carbon and energy sources for other microbes 
that inhabit environments in which cellulose is bio-
degraded, thereby forming the basis of many inter-
actions between microorganisms in these environ-
ments (Leschine, 1995).
Degradation by anaerobic fungi 

The mechanism of cellulose degradation 
in anaerobic environments is very complex; it in-
volves numerous, varied interactions of metabol-
ically diverse microorganisms whose activities 
are influenced by a wide range of environmental 
factors. The mechanism by which cellulases from 
anaerobic fungi catalyze the depolymerisation of 
crystalline cellulose is clearly fundamentally dif-
ferent from that of the cellulase systems of most 
aerobic fungi. Anaerobic fungi gain energy from 
the fermentation of carbohydrates. Of the common 
plant monosaccharides, fructose, glucose, xylose, 
cellobiose and gentiobiose were used by all isolates 
in several different studies, whereas galactose and 
mannose utilization varied and L-arabinose was not 
used (Gordon and Phillips, 1998). Utilization of ol-
igosaccharides and polysaccharides is more varied 
though the plant polysaccharides cellulose and xy-
lan were used by all isolates. Kameshwar and Qin 
(2018) investigated the genes, enzymes and the 
mechanisms involved in structure and functioning 
of the cellulosomes of the anaerobic fungi. They 
revealed the genomic machinery underlying the ex-
trinsic plant cell wall degrading abilities. Accord-
ing to Couger et al. (2015), cellulose-degrading 
anaerobic fungi achieve fast and effective results 
by the simultaneous employment of a wide array 
of constitutively-transcribed cellulosome-bound 
and free enzymes with considerable functional 

Fig. 2. Synergistic action of cellulases within a cellulosome (Gilmore et al., 2015)
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overlap. The authors consider that the utilization 
of this indiscriminate strategy could be justified by 
the evolutionary history of anaerobic fungi, as well 
as their functional role within their natural habitat. 
Anaerobic fungi are the only fungi which possess 
cellulosomes.

A significant amount of research on anaerobic 
cellulose degradation has focussed on landfill sites 
since domestic waste contains cellulosic materials 
such as paper and wood. It is well established that 
anaerobic fungi reside in the guts of herbivorous 
mammals where cellulose is abundant and oxygen 
is absent. Moreover, other anaerobic environments 
may also support these fungi. For example, molec-
ular ecological surveys have unequivocally demon-
strated that anoxic zones contained within landfills 
harbor Neocallimastigomycota, suggesting that 
anaerobic fungi are not exclusively gut inhabitants 
(Haitjema et al., 2014). Transitional stages where 
fungi migrate between anoxic environments may be 
made possible by a third life cycle stage character-
ized by an aero-tolerant cyst or resistant spore-like 
structure. Such structures have been observed in 
cultures of Anaeromyces, and it was suggested that 
their presence enabled cultures to stay viable over 
extended time periods of greater than 272 days (see 
Haitjema et al., 2014). Anaerobic fungi have been 
found also in freshwater lakes, landfill and deep-sea 
sediments. Moreover, they have been shown to be 
part of the microbial community in biogas reactors 
(Ivarsson et al., 2016).

The anaerobic fungi are important mem-
bers of the rumen microbial community. Because 
they are found in large numbers attached plant 
fragments removed from the rumen, and they fer-
ment the major plant polysaccharides, they are 
believed to take part in decomposing cellulose in 
the rumen. The following genera of fungi have 
been described for effective degradation: Neocal-
liraastix, Caecomyces, Piromyces, Orpinomyces, 
and Ruminomyces (Leschine, 1995; Thareja et al., 
2006). These fungi reproduce through the asexual 
production of flagellated zoospores from sporan-
gia, with no sexual reproductive life stage identi-
fied to date (Gruninger et al., 2014). Three rumen 
anaerobic fungal strains belonging to these genera, 
namely N. frontalis MCH3, P. communis FL, and 
Caecomyces communis FG10, were cultured on 
cellulose filter paper alone or in association with 
one of two rumen cellulolytic bacteria, Rumino-
coccus flavefaciens 007 and Fibrobacter succino-
genes (Bernalier et al., 1992). Similar results have 
been have been reported for Neocallimastix and  

Piromyces species on paper cellulose degradation 
(Teunissen et al., 1991). The fungal monocultures 
were evaluated as markedly more effective than the 
co-cultures and bacterial monocultures. The rumen 
anaerobic fungus O. joyonii A4 has been used for 
waste paper degradation (Kovář et al., 2000). The 
strain N. frontalis C5-1 isolated from the rumen of 
a Korean native goat has also proved very suitable 
for the degradation of cellulose-containing mate-
rials (Ha et al., 2001). Co-cultivation of Neocalli-
mastix sp. L2 and metanogenic bacteria (Methano-
bacterium arboriphilus, Methanobacterium bryan-
tii, or Methanobrevibacter smithii) increase the rate 
of filter paper degradation (Marvin-Sikkema et al., 
1990). This cultivation strategy activated the pro-
cess by a shift in the fermentation products to more 
acetate and less lactate, succinate, and ethanol. On 
the other hand, cellulolytic power was inhibited 
when fungi were exposed to sugars they did not 
metabolize, suggesting a general mode of catabo-
lite repression (Henske et al., 2018).

Many ruminal fungi require specific nutrients 
from ruminal fluid for digestion of cellulose, but 
they can be cultured in medium lacking ruminal flu-
id when it is amended with the appropriate growth 
factor(s). Gordon and Phillips (1989) reported that 
ruminal fungal strains Neocallimastix sp. LM-1, 
Piromonas sp. SM-1 and Sphaeromonas sp. NM-1 
growing in a semidefined medium can digest cel-
lulose and plant cell walls when grown in media 
lacking ruminal fluid (Table 1).

Table 1. Breakdown of some components of wheat 
straw by ruminal fungi grown for 10 days  
in a semidefined medium or in a ruminal-fluid  
medium (Gordon and Phillips, 1989)

Fungal strain 
Ruminal- 

fluid in 
medium

% of component  
solubilized

ADF* Cellulose
Neocallimastix sp. 
strain LM-1

No 47.0 54.1 
Yes 46.4 55.2 

Piromonas  
sp. strain SM-1

No 45.6 53.8
Yes 45.0 53.4

Sphaeromonas  
sp. strain NM-1

No 35.0 38.7
Yes 32.8 38.4 

*Acid detergent fiber (ADF)

Anaerobic fungi possess a potential to de-
compose agriculture and kitchen wastes. Wilken et 
al. (2018) propose in silico identification of micro-
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bial partners to form consortia with anaerobic fungi 
aiming to degrade corn stover. Rumen microbial 
community containing anaerobic fungi and bacteria 
has been used for fresh grass waste degradation in a 
4 day solids retention time (Nair et al., 2005). An-
aerobic fungi have been included effectively in effi-
ciently hydrolyze of cellulose-containing domestic 
and agricultural wastes (Garg, 2017). 

Three anaerobic communities isolated from 
lime-kiln exhibited a great power for cotton fibers 
degradation (Bassil et al., 2015). Dominated mi-
croorganisms are bacterium Geobacter sulfurre-
ducens, archea Methanohalophilus halophilus, and 
fungus Handkea fumosa (Fig. 3.).

Degradation by microaerotoletant/microaerophilic 
fungi

A microaerotlerant (facultative) anaerobe is 
an organism that makes ATP by aerobic respira-
tion if oxygen is present, but is capable of switch-
ing to fermentation if oxygen is absent. They show 
growth in an anaerobic system; 5% CO2, 10% H2, 
85% N2; a candle extinction jar, and in air. The data 
on the species diversity of facultative anaerobic 
fungi, their abundance, and occurrence in various 
habitats are extremely scarce. Several species of 
facultatively anaerobic fungi were detected in vari-
ous type of soil. Mucor hiemalis, M. circinelloides, 
Rhizopus oryzae, Fusarium solani, F. oxysporum, 
Trichoderma atroviride, T. polysporum, T. harzia-
num, T. aureoviride, T. viride, and T. koningii were 
the fungi most often found in soil (Kurakov et al., 
2008). Such microaerotlerant fungi have been iso-
lated from oceanic crust, deep soft sediments in the 
Bosporus outlet area of the Black Sea, groundwa-
ter-sediment of varying depths, wood probes etc. 
(Sergeeva and Kopytina, 2014; Ivarsson et al., 
2016; Hoque  and Fritscher, 2017). 

Microaerotolerant fungi are capable to de-
compose cellulose effectively. The genus Tricho-
cladium is a saprotrophic soil fungus commonly 
found in soil and aquatic environments. It is known 
for its celluloytic activity; when grown under mi-
croaerophilic conditions, certain Trichocladium 

species can convert ca. 90 to 96% of available cel-
lulose to ethanol (Eichorst and Kuske, 2012). The 
fungal strains T. canadense, Geotrichum sp., and 
Fusarium sp. cultivated under microaerophilic and 
combined (aerobic, followed by microaerophilic) 
conditions were able to grow and effective degrade 
lignocellulosic materials, such as paper filter, Av-
icel, and agriculture residues at a final concentra-
tion 0.5% (dry wt/v) (Pavarina and Durrant, 2001; 
2002). The results suggested that they prefer lower 
oxygen concentration for growth and enzyme pro-
duction. Durrant et al. (1995) isolated two strains 
of morphologically and physiologically distinct 
cellulose-fermenting fungi from soil samples under 
anaerobic conditions. Based on morphology, one 
isolate was identified as a species of Trichocladi-
um and the other as a basidiomycete species. Both 
strains grew and utilized cellulose more rapidly 
when incubated under microaerophilic conditions. 
They used pentoses, hexoses, cellobiose and xy-
lan as microaerophilic growth substrates. A Japan 
research group reported a novel filamentous fun-
gus strain characterized as a facultative anaerobic 
member of the class Lecanoromycetes of the phy-
lum Ascomycota, which grows in both aerobic and 
strict anaerobic conditions (Tonouchi, 2009). 
Degradation by aerobic fungi

The aerobic fungal isolates bring about most 
of the cellulose degradation occurring in various en-
vironments. The diverse subdivisions Ascomycetes, 
Basidiomycetes, and Deuteromycetes contain large 
numbers of cellulolytic species. Among the most 
studied aerobic fungal genera are Chaetomium, 
Coriolus, Phanerochaete, Poria, Schizophyllum, 
Serpula, Aspergillus, Fusarium, Geotrichum, Pae-
cilomyces, Penicillium, and Trichoderma (Viikari 
et al., 2009). Clustering of the fungi based on their 
predicted enzymes confirmed that Ascomycota and 
Basidiomycota use the same enzymatic activities to 
degrade plant cell walls (Busk et al., 2014).

T. reesei is the most studied cellulolyt-
ic fungus (Gunda, 2011). This species has been 
characterized for over 60 years and is considered 
an industrial workhorse for cellulase enzymes. 
Along with T. reesei, Phanerochaete chrysospori-
um and members of genus Fusarium are also the  
thoroughly studied (Soliman et al., 2013).  
The strains T. viride, A. niger and F. oxysporum 
have been used in studies of cellulosic waste 
biodegradation (Kadarmoidheen et al., 2012). 
Among the three fungal isolates studied T. viride 
was found to be the most efficient in degrading 
the cellulosic wastes viz., paddy straw, sugarcane 

Fig. 3. The triplicate of the tissue microcosms, in-
cubated for 30 months at 25°C and in the presence 
of Ca(OH)2 at saturation. Samples 1, 2 and 3 differ 
in the amount of sediment.
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bagasse and banana stalks decreasing the cellulose 
content by 53.70, 51.59 and 55.28 % respectively. 
A. candidus has been established as a good agent 
for degradation of rice husk, millet straw, guinea 
corn stalk and sawdust (Milala et al., 2009).

Marine fungi have been found to produce a 
wide range of lignocellulose-active enzymes that 
could explain their great potential to biotransfor-
mation of plant wastes (Balabanova et al., 2018). 
The consortium of ligninolytic and cellulolytic 
marine-derived fungi prove to have the potential 
for application in the effective utilization of agri-
cultural refuse (Ramarajan and Manohar, 2017). 
Similar enzyme profile were identified in fungal 
strains belonging to species T. harzianum, A. ni-
ger, A. flavus and Penicillium expansum, exhib-
iting kitchen waste decomposition at temperature 
of 25°C (Ashraf et al., 2017). Moreover, degra-
dation of cellulosic materials by fungi like Clad-
osporium cladosporioides, C. sphaerospermum, P. 
chrysogenum, Scopulariopsis brevicaulis, Stachy-
botrys chartarum, Verticillium cycolsporum, and 
Chaetomium hamadae is well documented. Pleu-

rotus ostreatus, P. florida, and T. viride, isolated 
from natural habitats, have been used as immobi-
lized cells in continuous systems for bioconversion 
of cellulose wastes (Petre et al., 1999). Effective 
cellulose degrading enzyme systems demonstrat-
ed aerobic fungi from genera Helminthosporium, 
Cladosporium, Trichoderma, and Aspergillus (Si-
varamanan, 2014). They have been obtained from 
sawdust, straw dust and sprinkled soil, decaying 
wood particles and decaying leaf and could be 
used for treatment of filter paper or agro-wastes 
such as rice straw. Isolates from soil and decay-
ing wood caused aerobic degradation of cellulose 
waste materials, e.g. paddy straw, sugarcane ba-
gasse and banana stalks (Kadarmoidheen et al., 
2012). The best were obtained with the use of  
T. viride, A. niger and F. oxysporum.

Parihar et al. (2012) found that, among 212 
species wood decaying fungi 33 of them were able 
to decompose cellulose at varying degree (Table 2). 
The authors concluded that cellulose decomposi-
tion pattern was vary not only among the genera 
but also between the species of same genus.

     Table 2. Cellulose decomposition by wood decaying fungi (Parihar et al., 2012)

Name of test fungus % weight loss Growth Rate/24h, mm CAI*
Trametes cubensis 8.792 2.3 3.823
Poria fulviseda 9.596 8.3 1.156
Trametes lactinea  10.426 10 1.043
Polyporus gramocephalus 11.125 8.3 1.34
Trametes pocas 12.083 6.5 1.859
Lenzites aspera 15.51 7.5 2.068
Hapalopilus nidulans 18.501 2 9.251
Earliella scabrosa  19.429 3.8 5.113
Pycnoporus sanguineus 19.718 6.6 2.988
Ganoderma lucidum 21.848 3.8 5.749
Trametes feei 24.907 9.3 2.678
Lenzites platyfyla 25.703 9 2.856
Lenzites palsoti 26.179 8.3 3.154
Schizophyllum commune 27.466 8 3.433
Trametes cingulata 34.25 6.2 5.524
Trametes leonina 36.683 7.8 4.703
Lenzites steroids 41.134 8.3 4.956
Pycnoporus cocineus 43.269 5 8.654
Polyporus brumalis 44.767 9 4.974
Innonotus tabacinus 45.034 6.6 6.823
Daedalea sulcata 45.076 7.7 5.854
Navisporus floccosus   63.241 5 12.648

           *CAI=Percentage wt. loss/Growth rate of test fungus in 24 h (Cellulolysis Adequacy Index (CAI) for each isolate was calculated 
from the weight of cellulose respired by the fungus growing on filter paper (percent weight loss) and its linear growth rate in mm 
per 24 hrs growing on potato dextrose agar medium at 28°C ± 2°.)
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The high cellulose content (about 94%) and 
hygroscopic nature of the cotton fibers facilitate its 
decomposition by fungi. Very suitable for such a 
process could be noted Trichoderma sp., Aspergil-
lus sp., Cladosporium sp., Fusarium sp., Penicilli-
um sp., and Helminthosporium sp. (Sivaramanan, 
2013).

The experiments of the Ilyin research group 
concerning biotransformation of the used personal 
hygiene products of cosmonauts, as well as vegeta-
ble and liquid organic waste, to the life support sys-
tems of space crews arouse a great interest (Ilyin et 
al., 2018). They test the ability of T. viridae culture 
to consume the products of anaerobic decomposi-
tion of gauze tissue under space flight conditions, 
i.e. substrate for the cultivation of the fungus served 
as liquid media, formed after the decomposition of 
thermophilic clostridia gauze wipes. The results 
have shown that the post-cleaning of liquid prod-
ucts of hydrolysis of gauze fabric with the help of 
cellulolytic fungi can be an effective component 
of utilization of cosmonaut hygiene items with the 
help of microbial communities in space flight con-
ditions. Effective degradation has been established 
after fermentation of vegetable waste products.
Edible Fungi

Cellulose-containing wastes such as raw cot-
ton, rice straw, paper, etc. provide an ideal substrate 
for the growth of some edible mushrooms notably 
Volvariella volvacea, Pleurotus spp, etc. Optimal 
and rapid biodegradation of cellulosic material of 
the crop residues (wheat, rice, carrots, and mush-
rooms) by edible white rot fungi has been achieved 
(Nyochembeng et al., 2019). Akhtar et al. (2015) 
reviewed the efficacy of brown-rot and soft-rot fun-
gi for hydrolysis of cellulose and hemicellulose in 

the agriculture wastes. The authors noted the pos-
itive treatment by Serpula lacrymans, Coniophora 
puteana, Meruliporia incrassata, Laetoporeus sul-
phureus and Gleophyllum trabeum, Xylariaceous 
ascomycetes, Daldinia concentric. Tuomela et al. 
(2000) reviewed the possibility of edible fungi to 
degrade compost (Table 3).

Nyochembeng et al. (2019) carried out ex-
periment on degradation of wheat, rice, carrots and 
mushrooms, wastes from long-term crewed space 
flights. Optimal and rapid biodegradation of lignin 
and other cellulosic material of the crop residues 
by candidate edible white rot fungi is paramount in 
the use of these organisms to achieve effective bi-
omass recycling in ALS. They investigated myce-
lial growth and fruiting of two strains of P. ostrea-
tus. Growth and fruiting of the two strains on rice 
straw mixed with solid thermophilic aerobic reactor 
(STAR) effluent for degradation and recycling were 
also studied. Both wheat and rice straw used were 
dried and milled to a size of 2 mm prior to incor-
porating different concentrations of urea solution in 
the wheat straw, or varying concentrations of STAR 
sludge in the rice residue. High concentration of 
STAR residue enhanced mycelial growth, howev-
er, a relatively lower concentration (20%) was re-
quired for abundant fruiting. 
Application of technologies for waste 
degradation in space-flight conditions 

According to Paavola (2009), the unique 
constraints of developing a technology for use in 
space may be beneficial for small-scale biomass 
conversion facilities. It is necessary to minimize 
the kind of consumable chemicals that are used in 
the process, to minimize the hazardous chemicals 
used in the process, and also to minimize ener-

Table 3. Fungi from different subdivision which effectively degraded cellulose (see Tuomela et al., 2000)

Fungus Subdivision Lignocellulose degradation 
Aspergillus fumigatus Deuteromycotina Wood degradation, cellulose degradation 
Chaetomium thermophilum Ascomycotina Very active cellulose degradation 
Malbranchea cinnamomea Deuteromycotina Cellulose degradation 
Melanocarpus albomyces Ascomycotina Cellulose and hemicellulose degradation 
Myceliophthora thermophila Ascomycotina Very active cellulose degradation, wood degradation 
Paecilomyces spp. Deuteromycotina Cellulose and some lignin degradation 
Phanerochaete chrysosporium Basidiomycotina Effective lignin degradation, newspaper degradation 
Scytalidium thermophilum Deuteromycotina Cellulose degradation 
Stibella thermophila Deuteromycotina Cellulose degradation 
Talaromyces emersonii Ascomycotina Wood degradation 
Thermomyces lanuginosus Deuteromycotina Cellulose degradation 
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gy required for the process and the weight of the 
equipment. 

Experiments on cellulolytic waste degrada-
tion under conditions of space-flight have been not 
founded. There are publications about the effect of 
microgravity on fungal development. The stress-
ful environment of space causes changes to all 
forms of life, from bacteria and fungi, to animals 
and people. Investigations about the effect of mi-
crogravity on growth, gene expression, physical 
responses, and metabolism of a fungus A. nidulans 
provide data for increase virulence and resistance 
to UV (Singh et al., 2016). 

Microscopic characteristics of spores from 
dried spores samples have been investigated, as 
well as the morphology of the colonies obtained 
from spores that survived during mission (Gomoiu 
et al., 2016). For the experiment, authors selected 
the fungal species A. niger, C. herbarum, Ulocla-
dium chartarum, and Basipetospora halophila 
based on their involvement in the biodeterioration 
of different substrate in the International Space 
Station (ISS) as well as their presence as possible 
contaminants of the ISS. The results revealed that 
spores used in the long term experiment lost the 
outer layer of their coat without affecting the via-
bility since they were still protected by the middle 
and the inner layer of the coating. This research 
highlights a new protocol to perform spaceflight 
experiments inside the ISS with fungal spores in 
microgravity conditions, under the additional ef-
fect of possible cosmic radiation. According to 
this protocol the results are expressed in terms of 
viability, microscopic and morphological changes.

Large-scale farming in presence of an Earth-
like atmosphere in space faces two main challeng-
es: plant yield in microgravity and plant nutrition 
in extraterrestrial soils, which are likely low in nu-
trients compared to terrestrial farm lands. Liu et al. 
(2018) propose a plant-fungal symbiosis (i.e. my-
corrhiza) as an efficient tool to increase plant bio-
mass production in extraterrestrial environments. 
The experiments conccerned mycorrhization of 
Solanaceae on the model plant Petunia hybrida 
using the arbuscular mycorrhizal fungus Rhizo-
phagus irregularis under simulated microgravity  
(s0-g) conditions obtained through a 3-D random 
positioning machine. Based on the results, the au-
thors propose that in nutrient limited conditions 
root exudation can challenge the negative micro-
gravity effects on mycorrhization and therefore 
might play an important role in increasing the ef-
ficiency of future space farming. 

Phenotypic and genotypic changes in  
A. niger and P. chrysogenum, spore forming fila-
mentous fungi, with respect to central chitin me-
tabolism were studied under low shear modeled 
microgravity, normalgravity and static conditions 
(Sathishkumar et al., 2014). The results collective-
ly indicate that the low shear modeled microgravity 
(LSMMG) has shown no significant stress on spore 
germination, mycelial growth, cell wall integrity of 
potentially pathogenic fungi. 

The only information available in the liter-
ature about experiments in space with fungi  are 
these carried out by the research group of Ilyin. The 
authors discussed a possibility of applying anaero-
bic digestion for reduction and stabilization of the 
organic fraction of solid wastes generated during 
piloted spacecraft flights (Ilyin et al., 2018). The 
culture of T. viridae, isolated from the internal en-
vironment of the ISS, has been tested for anaerobic 
decomposition of gauze tissue under space flight 
conditions. The results showed a reduction in the 
total concentration of volatile organic impurities re-
maining after the biodegradation of gauze from 34 
mg/m3 to 5 mg/m3. The number of detectable vola-
tile compounds decreased almost twice. The carried 
out researches have shown that the post-cleaning of 
liquid products of hydrolysis of gauze fabric with 
the help of cellulolytic fungi can be an effective 
component of utilization of cosmonaut hygiene 
items with the help of microbial communities in 
space flight conditions. 
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Abstract
Neuroinflammation caused by activation of microglial cells plays a key role in the pathogenesis 

of Alzheimer’s disease which can be enhanced by low grade upstream systemic inflammation and vice 
versa. There is growing evidence that age related chronic periodontitis drives systemic inflammation and 
thus finally Alzheimer’s disease, therefore a causal link might exist between certain oral pathogens and 
Alzheimer’s disease. 

In an own pilot study, twenty patients with probable Alzheimer’s disease were investigated. In seven 
of these pathogenic periodontal bacteria were found. The presence of Porphyromonas gingivalis, the 
key pathogen and one of the species involved in chronic periodontitis, was found to be associated with 
lower cognitive test scores (mini mental state examination scores p <0.05; clock drawing test p = 0.056). 
Further, association between lower serum concentrations of immune biomarker neopterin and the presence 
of Treponema denticola (p <0.01). Serum neopterin concentrations correlated highly significantly with 
kynurenine to tryptophan ratios indicating activity of cytokine interferon-γ. These preliminary findings 
point to a possible role of an altered salivary microbiome as a causal link between chronic periodontitis and 
cognitive impairment in Alzheimer’s disease.
Keywords:   
Резюме

Невроинфламацията, причинена от активиране на микроглиални клетки, играе ключова роля в 
патогенезата на болестта на Алцхаймер, която може да бъде засилена чрез нискостепенно системно 
възпаление и обратно. Има все повече доказателства, че свързаният с възрастта хроничен пародон-
тит води до системно възпаление и по този начин най-накрая болестта на Алцхаймер, следователно 
може да съществува причинно-следствена връзка между определени орални патогени и болестта на 
Алцхаймер.

В нашето пилотно проучване са изследвани двадесет пациенти с вероятна болест на Алцхай-
мер. В седем от тези патогенни пародонтални бактерии са открити. Установено е, че наличието на 
Porphyromonas gingivalis, ключов патоген и един от видовете, участващи в хроничен пародонтит, 
е свързано с по-ниски резултати от когнитивни тестове (мини оценка на психичното състояние p 
<0,05; тест за рисуване на часовник p = 0,056). Освен това, връзката между по-ниските серумни кон-
центрации на имунен биомаркер неоптерин и наличието на Treponema denticola (p <0.01). Серумните 
концентрации на неоптерин са в голяма степен свързани с съотношенията на кинурин и триптофан, 
показващи активността на цитокин интерферон-γ. Тези предварителни резултати сочат за възможна 
роля на променен слюнчен микробиом като причинно-следствена връзка между хроничен пародон-
тит и когнитивно увреждане при болестта на Алцхаймер.
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Introduction
Dysbiosis of microbiota in different body re-

gions may compromise blood brain barrier (BBB) 
integrity promoting pathogenesis of Alzheimer’s 
disease (AD) by translocation of pathogenic agents 
into the brain (Caracciolo et al., 2014; Fox et al., 
2019). Chronic periodontitis is a common infec-
tion in humans accompanied by destruction of the 
tissue supporting the teeth (Page and Eke, 2007). 
Loss of more than 16 teeth in early to mid-life is 
significantly associated with the development of 
dementia (Gatz et al., 2006; Lou et al., 2015). Con-
versely, retaining teeth and not brushing them, also 
exposes individuals to the risk of developing de-
mentia. Taken together, the plausible explanation 
for missing and unclean teeth is poor oral hygiene 
(Paganini-Hill et al., 2012). Periodontitis is preva-
lent in individuals with poor oral hygiene and high 
dental plaque index (Wadhawan et al., 2020). 

Recent studies suggest an association be-
tween periodontitis and dementia with possible 
common pathophysiological mechanisms (Pazos et 
al., 2018; Fox et al., 2019). AD is the most com-
mon form of dementia with a complex multifactori-
al etiology: diverse pathogens including periodon-
tal bacteria were associated with AD (Pritchard et 
al., 2017). Neuroinflammation - an inflammatory 
process in the brain, modulated by microglial cells 
(Zhou et al., 2018) - is an early event which can 
be enhanced by periodontitis and consecutive sys-
temic inflammation and vice versa (Caracciolo et 
al., 2014; Leblhuber et al., 2017; Wadhawan et al. 
2020). Increased serum concentrations of neopter-
in and of tryptophan breakdown were found to be 
sensitive biomarkers of immune activation caused 
by stimulation of indoleamine 2,3-dioxygenase-1 
(IDO) and of GTP-cyclohydrolase 1 by interferon-γ 
(IFN- γ) (Murr et al., 2002; Schröcksnadel et al., 
2006). Similar findings were seen due to the age-re-
lated immune response even in healthy individuals 
(Capuron et al., 2011), but more often and to a 
greater extent in AD (Sawada et al., 1987; Hamon 
et al., 1988; Giil et al., 2017). The decline of trypto-
phan concentrations and consequently the increase 
of the neurotoxic tryptophan catabolite quinolinic 
acid were observed in parallel with cognitive de-
cline in AD patients (Hamon et al., 1988; Giil et al., 
2017; Leblhuber et al., 2017). 

Periodontal disease was found to be associat-
ed with higher brain amyloid load even in the old-
er-aged healthy (Kamer et al., 2015). Older-aged 
individuals frequently are suffering from perio-
dontitis with prevalence increasing with age (Wu 

and Nakanishi, 2014). In earlier studies, a close 
and causal link between chronic periodontitis, ag-
gravating systemic inflammation and cognitive 
impairment was hypothesized (Shoemark and Al-
len, 2015; Sochocka et al., 2017). This hypothesis 
is underlined by more recent preclinical data (Il-
ievsky et al., 2017). Porphyromonas gingivalis (P. 
gingivalis) is the dominant strain of the foremost 
pathologic complex (“red complex”) including 
also Tannerella forsythia and Treponema denticola 
causing polymicrobial synergy, thus gaining greater 
virulence (Harding et al., 2017). Serum IgG levels 
to these common periodonto-pathogenic bacterial 
strains are described to be associated with risk for 
developing incident AD (Noble et al., 2014). 

Poor dental status, masticatory dysfunction 
and periodontal disease has repeatedly been linked 
to reduced cognitive function and AD in a series 
of reviews (Watanabe et al., 2015; Tremlett et al., 
2017; Wadhawan et al., 2020). In the Nun study, 
participants with the fewest teeth had the highest 
risk of prevalence and incidence of dementia (Gatz 
et al., 2006; Stein et al., 2007). In an earlier post-
mortem study, pathogenic periodontal disease bac-
teria T. denticola, T. forsythia and P. gingivalis were 
identified in brain tissue indicating a link between 
chronic periodontal disease and AD (Poole et al., 
2013). 

Additionally, dysbiosis of intestinal micro-
biota in the elderly and in patients with dementia 
earlier has been described to cause leaky gut (Leb-
lhuber et al., 2015; Buford et al., 2018), which 
also results in silent systemic inflammation and via 
microbiota-gut-brain-axis in neuroinflammation 
(Caracciolo et al., 2014; Marashwari and Eslick, 
2015; Minter et al., 2016; Leblhuber et al., 2017; 
Leblhuber et al., 2018). 
Periodontitis in the pathogenesis of Alzheimer’s 
disease, preliminary results of an ongoing study

In a recent pilot study, after written informed 
consent the diagnosis of AD was established in 
twenty patients by cerebral magnetic resonance 
tomography (MRT) and routine laboratory tests as 
described earlier (Widner et al., 1997; Leblhuber 
et al., 2018). Cognitive testing was performed by 
mini mental state examination (MMSE) and clock 
drawing test (CDT). 

Serum concentrations of neopterin as well as 
tryptophan and kynurenine were also analyzed, cal-
culating the kynurenine to tryptophan ratio (Kyn/
Trp) as an index of tryptophan breakdown (Widner 
et al., 1997; Schröcksnadel et al., 2006). Addition-
ally, alveolar fluid was tested by RNA-based analy-
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sis (PerioPOC®, Genspeed Biotech, Henry Schein 
Dental, Vienna, Austria) for the presence of the 
following periodontal pathogens: T. denticola, T. 
forsythia, P. gingivalis, Prevotella intermedia and 
Aggregatibacter actinomycetemcomitans described 
by Polonyi et al. (2013).

Twenty consecutive patients (aged 78.1 ±2.2y, 
9 females) with symptoms of progressive cognitive 
decline were recruited, none of them was smoking. 
The procedure was well-tolerated by all patients. In 
MRT scans all patients showed global cerebral at-
rophy without circumscribed lesions. The MMSE 
in our patients was mean ± SD: 20.8 ± 1.70 and the 
CDT scores were 6.0 ± 0.77.

In seven of the patients investigated with clin-
ical signs of periodontitis stage III and IV (Tonetti 
et al., 2018) pathological periodontitis strains were 
found. P. intermedia and A. actinomycetemcomi-
tans could be detected in none of our cases studied. 
A significant association between the salivary pres-
ence of P. gingivalis and lower MMSE (p <0.05; 
Fig. 1) was observed.

There was also a tendency to lower scores 
in the CDT (p = 0.056) when this particular patho-
gen was present. No other pathogen was associated 
with an unequal distribution of cognitive results in 
this group of patients. Further, the presence of T. 
denticola was associated with lower serum neopter-
in concentrations (p <0.01; Fig. 2) and also kynure-
nine levels showed a tendency to lower levels, the 
difference however not reaching the level of statis-
tical significance (p = 0.064).

Vice versa, the presence of T. forsythia result-
ed in higher serum kynurenine concentrations com-
pared to patients with a negative saliva microbio-
logical test result (p <0.05). Still in the whole data 
set, a significant positive correlation existed be-
tween serum concentrations of neopterin and Kyn/
Trp (rs = 0.674, p <0.001; Fig. 3) confirming earlier 
results (Widner et al., 2000; Leblhuber et al., 2017) 
and indicating induction of Th1-type cytokine 
IFN-γ. No significant effect was observed for any 
other measurement; the results of this pilot study 
were published recently (Leblhuber et al., 2020).

Fig. 1. Patients with AD saliva positive for P. gin-
givalis present with statistically lower scores in 
the mini mental state examination test (MMSE), 
p <0.05 (adapted from: Leblhuber F, et al., Wien 
Klin Wochenschr 2020, in press, doi.org/10.1007/
s00508-020-01638-5).

Fig. 2. Lower serum neopterin concentrations in AD 
patients saliva positive vs. negative for T. dentico-
la, p <0.01 (adapted from: Leblhuber F, et al., Wien 
Klin Wochenschr 2020, in press, doi.org/10.1007/
s00508-020-01638-5).

Fig. 3. Correlation between serum neopterin concen-
trations and serum kynurenine to tryptophan ratios 
in AD patients (rs = 0.674, p <0.001 (adapted from 
Leblhuber F, et al., Wien Klin Wochenschr 2020, in 
press, doi.org/10.1007/s00508-020-01638-5).
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Discussion
Chronic low-grade immune activation and 

inflammation alter monoamine metabolism that 
is involved in the development of neuropsychiat-
ric symptoms characteristic for age and dementia 
(Widner et al., 2000; Neurauter et al., 2008; Capu-
ron et al., 2011; Leblhuber et al., 2017). Systemic 
peripheral inflammation may induce neuroinflama-
tion together with an increase of permeability of the 
BBB (Fox et al., 2019; Panza et al., 2019). Altered 
gut microbiota (dysbiosis) results in systemic in-
flammation and microglia dysfunction implicated 
in AD pathogenesis (Caracciolo et al., 2014; Mosh-
er and Wyss Coray, 2014; Erny et al., 2015). 

Furthermore, elevated antibodies to perio-
dontopathogenic strains were found in subjects 
years before cognitive impairment became man-
ifest (Spars Stein et al., 2012). Dysbiosis of oral 
microbiota leads to microbial translocation to the 
brain either through the blood stream, via damaged 
oral mucosal barriers or directly via the trigeminal 
nerve (Fox et al., 2019). Evidence exists that perio-
dontopathogenic strains as T. denticola and P. gin-
givalis finally translocate to brain structures afflict-
ed in AD via saliva, tooth pulp chambers, trigemi-
nal ganglia and pons (Shoemark and Allen, 2015; 
Dominy et al., 2019). Recently it was claimed that 
infiltration of the brain by HSV type 1 or Chlamyd-
ia pneumonia crossing directly the weakened BBB 
may elicit neuroinflammation from the periphery in 
a similar way (Panza et al., 2019). 

Our recent exploratory pilot study (Leblhuber 
et al., 2020) described presence of the periodontal 
pathogenic bacteria T. denticola, T. forsythia, and P. 
gingivalis in saliva of a subgroup of demented pa-
tients associated with chronic oral inflammation as 
mentioned earlier (Singhrao et al., 2014; Pritchard 
et al., 2017). P. gingivalis, the most virulent and 
intriguing pathogen of the bacteria associated with 
periodontitis (Harding et al., 2017; Wadhawan et 
al., 2020) with remote body inflammatory patholo-
gies, was found to be associated with lower MMSE 
(p <0.05; Fig. 1) and also albeit only weakly with 
lower CDT scores (p <0.06) in these patients. Data 
indicates a link between this periodontal pathogen-
ic strain and neuroinflammation and the dementing 
process, respectively. 

In an animal study, experimental chronic per-
iodontitis was induced by repeated oral application 
of P. gingivalis (IIievsky et al., 2018). Gingipain, 
a protease secreted by this bacterium, could be de-
tected immunohistochemically in the hippocampi 
of experimental mice confirming its translocation 

to the brain. Also, signs of neuroinflammation, neu-
rodegeneration and the formation of extracellular 
Aß42 consistent with neuropathological findings 
in AD could be shown after repeated oral applica-
tion of P. gingivalis in young adult wild type mice 
(IIievsky et al., 2018). In AD, P. gingivalis possibly 
affects the BBB permeability and influences local 
IFN-γ response by preventing entry of immune 
cells into the brain. The scarcity of adaptive im-
mune cells in AD neuropathology implies P. gingi-
valis infection of the brain likely causing impaired 
clearance of insoluble amyloid and inducing im-
mune-suppression (Olsen et al., 2016; Harding et 
al., 2017). 

The presence of salivary T. denticola was as-
sociated with lower serum concentrations of neop-
terin (p <0.01; Leblhuber et al., 2020) and in the 
whole data set a positive association between ne-
opterin and Kyn/Trp levels was apparent. These re-
sults imply that some of the periodontal pathogens 
may interact with adaptive (Th1-type) immunity 
probably by triggering regulatory T-cells which fi-
nally suppress and downregulate the inflammation 
process as hypothesized recently (Tremlett et al., 
2017; Leblhuber et al., 2018): The correlation be-
tween neopterin and Kyn/Trp concentrations points 
to the regulatory principle of Th1-type immune ac-
tivation, and the lower neopterin levels imply low-
ered production of IFN-γ. Likewise, P. gingivalis 
was reported to suppress adaptive immunity in AD 
patients (Olsen et al., 2016). Probably an imbalance 
of immune functions and an imbalance of adaptive 
immunosuppression could be caused by these syn-
ergistic pathogenic bacterial species (Soreq and 
Wolf, 2011; Wadhawan et al., 2020).

Interestingly, six of our patients positive for 
periodontal pathogens were ApoE4 allele carriers, 
two of them homozygous. In an earlier study, in-
dividuals with both a low number of teeth and the 
ApoE4 allele were performing worse in cognitive 
tests and showed more rapid cognitive decline over 
time (Sparks Stein et al., 2012). The data set in our 
recent study (Leblhuber et al., 2020) was too small 
for detailed statistical analysis, and future studies 
with an appropriate number of ApoE4 allele carri-
ers will be necessary to address this issue. 

To conclude in the absence of longitudinal 
data, our preliminary findings can only provide 
correlational evidence that chronic periodontal bac-
terial infections may be additive in the pathogene-
sis of cognitive decline and AD. Future longitudi-
nal studies including periodontal disease in larger 
numbers of demented patients as well as age related 
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non-demented individuals (Kamer et al., 2015) re-
specting the ApoE status are necessary to elucidate 
the specific role of the oral microbiome in neuroin-
flammation and neurodegeneration.

The presence of specific oral pathogens re-
lating to immunobiochemical changes in demented 
patients could probably reflect the fact that these 
patients are no longer able to perform sufficient 
dental hygiene. Additional longitudinal studies also 
should investigate the effects of certain bacterial 
strain consumption to improve or prevent perio-
dontal disease in the aging population (Tobita et 
al., 2018). Small molecule inhibitors to reduce the 
bacterial load of certain bacteria like P. gingivalis 
will be developed in the near future (Dominy et al., 
2019; Panza et al., 2019). Thus, encompassing in-
vestigation of the symbiotic intestinal, oral as well 
as nasal microbiome might identify new pathways 
for AD treatment (Fox et al., 2019).

Our recent study (Leblhuber et al., 2020) is 
certainly limited by the thus far too small number 
of patients. Nevertheless, these preliminary results 
underline the aspect that the salivary microbiome 
could play a relevant role in the pathophysiology of 
AD. It might also emphasize a potential bottom-up 
contribution in AD (Panza et al., 2019; Wadhawan 
et al., 2020) which is usually regarded to be top-
down only. Thus, it appears attractive as saliva can 
be easily assessed without any burden to the pa-
tients allowing to monitor aspects in the pathogen-
esis and progression of AD.
Ethics Aproval and Consent to Paricipate

The study was performed in accordance 
with the criteria of the Declaration of Helsinki 
and approved by the local ethics committee <dat-
ed 2017/05/11 by the Ethikkommittee des Landes 
Oberösterreich, Studie Nr. I-24-16>.
Human and Animal Rights

Human specimens were collected following 
an approved study protocol. The work does not re-
port experiments involving animals.
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These words of the Persian poet Rumi could 
be entirely referring to the participants in one of the 
most significant scientific events in 2019 - the 5th 
National Congress of Virology with international 
participation, held from 2 to 4 October in Sofia. The 
hall of the Stefan Angelov Institute of Microbiology 
at the Bulgarian Academy of Sciences welcomed elite 
scientists from Bulgaria and abroad - virologists and 
experts working in the fields of medical, veterinary 
and plant virology, who presented their latest 
achievements and mutually ignited their inventive 
spirit by sharing facts, viewpoints, expectations, 
hypotheses and new ideas.

The event was opened and chaired by the 
chairman of the Congress Organizing Committee, 
the doyen of Bulgarian virology, Academician Angel 
Galabov, MD, DSc, full member of the Bulgarian 
Academy of Sciences and long-standing Director 
of the Institute of Microbiology. The participants 
were also welcomed by the Director of the former 
Microbiology Institute, Corresponding Member 
Prof. Hristo Naydensky, DVM.

The scientific programme was preceded by 
an exciting event – marking the 100 milestone 
birthday of the prominent Bulgarian virologist Prof. 
Peter Andonov. On the occasion of his anniversary, 
Academician Galabov highlighted Prof. Andonov’s 
merits for the development of virology in Bulgaria, 
noting the contribution of, but not only, more 
than 200 scientific articles and reviews. “He is a 
visionary," said Academician Galabov. “There 
are many firsts that we associate him with: the 
establishment of the first Virology Department at 
the National Centre for Infectious and Parasitic 
Diseases; the first lectures in this discipline at 
the Faculty of Biology, Sofia University; the 
authorship of the first textbook in virology that has 
trained generations of medics.” Prof. Andonov was 

awarded a recognition plaque received by his son, 
Prof. Anton Andonov, a well-known virologist at 
the University of Manitoba, Canada. Prof. Andonov 
conveyed his father’s greetings to the congress 
participants and shared thoughts about him as a 
scholar and teacher. He recalled his father's sense of 
humour, optimism and encouragement for students 
and young professionals.
The subject of the first session was dedicated to 
effective approaches against enteroviruses

The report of the distinguished American 
virologist, member of the American Academy of 
Sciences, Prof. Eckard Wimmer, now a researcher 
and professor at Stony Brook University in Long 
Island, New York received particular interest. Prof. 
Wimmer is best known for his test-tube synthesis 
of poliovirus. This discovery opened the door to 
obtaining previously unknown variants of the viral 
genome. At this congress he talked about the impact 
of the newly synthesized poliovirus and vaccine 
development capabilities. The renowned scientist 
presented computer strategies that allow alterations 
of certain regions of the poliovirus genome. He 
accentuated the fact that his achievements could be 
used to develop new methods for computer-aided 
chemical synthesis of virus-encoded genomes. This 
strategy, he believes, will help create new vaccines 
in a very short time.

Here is what Professor Wimmer said 
exclusively for Acta Microbiologica Bulgarica: 
“Back in 2002, people were shocked when an 
organism was synthesized in a test tube. Lately, 
however, everyone is impressed that poliovirus 
is being tested. Journalists often ask me how this 
works. For me to explain it to them, they need 
to be familiar with the terminology and many 
specific things. I tell my students that computer-
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based strategies alter the frequencies in the coding 
regions of viral genomes without disrupting the 
amino acid sequence of the proteins. In this way, 
the antigenic properties of the virus are retained, but 
the sequences of the coding regions are altered upon 
displacement. Our goal is to obtain highly effective 
vaccines that provide good immunity without the 
possibility of reverting to antigenic strains.”

The aim of Professor Wimmer's team is to 
maintain immunogenicity by genome editing that 
precludes reversal to pathogenicity. The professor 
expressed the hope that computer-aided approaches 
will help for the development and refinement of 
many candidate vaccines. The attendees were 
unanimous that this is the way for humanity to 
cope with serious infections such as dengue, Zika, 
respiratory syncytial virus infection, etc.

The report that followed aroused the 
audience’s curiosity. Conducted by a team of 
Assoc. Prof. Nikolay Petrov, it was dedicated to 
“Management of coxsackie viral infections with 
small interfering amino acids”. A special approach 
was presented for the preparation of structures that 
cannot be synthetically formed but involve using 
strains of coxsackie viruses. The goal of Assoc. 
Prof. Petrov's work is closely related to practice - 
creation of natural structures with antiviral effect.

Particular interest was devoted to the report 
on the consecutive alternating administration of 
triple-combination antiviral agents. It is an original 
method developed at the Department of Virology at 
the Stefan Angelov Institute of Microbiology at the 
Bulgarian Academy of Sciences. Chief Assist. Prof. 
Dr. Peter Grozdanov of the Department presented 
the benefits of the practical implementation of the 
innovative approach. Dr. Grozdanov elaborated on 
experimental models in laboratory animals, in vivo 
of coxsackieviruses B1 and B3, i.e. of cardiotropic 
and neurotropic strains, noting that the consecutive 
alternating administration of triple combinations of 
antiviral agents is the topic of Adelina Stoyanova's 
dissertation. The latter researcher has proposed a 
way to deal with cases of resistance. What is more, 
the new method can not only overcome microbial 
resistance but also increase sensitivity to antiviral 
agents.
The main topic of the second congressional 
session were the current viral infections

The meeting opened with Prof. Anton 
Andonov’s report on hepatitis E virus and the 
risks of transfusion transmission. Citing what 
his team has accomplished at the Department of 
Medical Microbiology and Infectious Diseases at 

the Max Rady College of Medicine, Canada, Prof. 
Andonov reviewed the various manifestations of 
this infection, and pointed out the safest and most 
effective way to collect a blood sample given the 
great number of asymptomatic carriers of hepatitis 
E virus. Prof. Andonov pointed out the state-of-the-
art blood donation screening capabilities.

The data from the studies of Prof. Arzu 
Sayiner of the Department of Microbiology at the 
Faculty of Medicine, Dokuz Eylül University in 
Izmir, on syndromic testing for viral respiratory 
infections proved to be very timely. She emphasized 
on the sate-of-the-art tests and capacities for 
precise differential diagnosis, taking into account 
the clinical picture of the disease. Prof. Sainer's 
research was supported by the reports of her 
collaborators: Irmak Güzel (on the properties of 
preparations used for rotaviruses and adenoviruses 
causing severe infections in children) and Ozgur 
Appak (on the spread of respiratory infections 
in Turkey). A communication was also made by 
associates of Prof. Sainer on the epidemiology of 
hepatitis C.

The audience's attention was attracted by 
the report of Assoc. Prof. Dr. Atanas Mangorov, 
MD, of the Department of Infectious Diseases at 
the Medical University in Sofia. He reviewed the 
immuno-prophylaxis of varicella-zoster virus 
infections. Assoc. Prof. Mangorov stressed that 
at present Bulgaria is the only country in Europe 
lacking a registered chickenpox vaccine and stated 
that this situation has to change so that every 
citizen in our country has the opportunity for such 
prevention.
The advances in Veterinary Virology was the 
topic of the third session of the forum

Prof. Rayko Peshev, Ph.D. of the National 
Diagnostic and Research Veterinary Medical 
Institute, and Prof. Lyubka Dumanova, Ph.D. of 
the Institute of Microbiology at BAS focused the 
attention of the audience on the results from studies 
of the molecular and biological characteristics of 
Bulgarian isolates of bovine herpesvirus type 1. Prof. 
Peshev emphasized the fact that the data presented 
are associated with economic losses, since the virus 
in question causes severe rhinotracheitis (in calves 
and cattle) and inflammation of the reproductive 
system (in cows and bulls). 

Measures to curb African swine fever in 
Bulgaria and their economic importance were 
proposed by the authors of a report on the epizootic 
of that disease. Discussing the problem, Assoc. Prof. 
Dr. Emilia Ivanova, MD, Director of the National 
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Diagnostic and Research Veterinary Institute in 
Sofia, underlined the need for the construction of 
protective zones around large-scale pig farms in 
Bulgaria.

The initiation of future innovations was 
outlined by the study of Chief Assist. Prof. Dr. 
Neli Vilhelmova-Ilieva of the Laboratory for DNA 
Viruses and Oncolytic Viruses at the Institute 
of Microbiology at the Bulgarian Academy of 
Sciences, and Ivo Sirakov of the Department of 
Genetics at the Medical University of Sofia. They 
reported their studies on the replication of herpes 
virus strains in animals, focusing in detail on the 
role of the so-called ellagitannins - compounds 
derived from oak bark. According to the researchers, 
ellagitannins show an acyclovir-like effect in herpes 
therapy. In addition, they exert a good curative 
effect in combination with acyclovir, including 
against resistant herpes strains.

An intriguing accent on emerging issues in 
virology was placed by the leading expert in the 
field – Prof. Jean Rommelaere, head of the Division 
of Tumour Virology at the Centre for Cancer 
Research in Germany. He acquainted the attendees 
with the features of virus-H1, which is the smallest 
DNA-containing virus in the parvovirus group, also 
known as rat virus. Prof. Rommelaere described 
the application of this virus as a drug form that 
attacks tumour cells without damaging healthy 
structures. It was a wonderful illustration of the 
method known as oncolysis. “Thanks to virus-H1, 
today it is possible to carry out successful treatment 
of CNS tumours,” said Prof. Romelere. “For this 
purpose, a virus-H1 preparation is introduced into 
the bloodstream of the patient, after which a team 
of neurosurgeons opens the skull and removes the 
tumour without the risk of side effects."

For Acta Microbiologica Bulgarica Prof. 
Jean Rommelaere said: “Our research focuses 
on viruses belonging to the parvovirus family, 
because these microorganisms prefer to multiply 
by dividing tumour cells, inhibiting their growth. 
Thus, they cause the death of the malignant cells or 
render them more susceptible to various therapeutic 
treatments. We use experimental systems developed 
by the Division of Tumour Diagnosis and address 
problems directly related to the clinical applications 
of these viruses. A very good associate of mine 
is Dr. Asya Angelova, who is Bulgarian and an 
exceptional specialist. Together we have obtained 
very interesting and useful results related to the 
role of the immune system in the suppression of 
tumours.”

Curiosity-provoking were the studies reported 
by Italian virologist Assoc.Prof. Angela Corona 
dedicated to combating human haemorrhagic 
fever caused by the African Ebola virus. In Assoc. 
Prof. Corona’s words, today the efforts of Italian 
specialists are focused on measures against 
infection caused by that dangerous virus. She 
added that alternative therapeutic agents are being 
investigated in the Congo, where the disease is 
widely spread. In her view, two viral proteins are 
involved in establishing immunity against Ebola, 
and the agents affecting those proteins could be 
used as pre-infection treatment.
The fourth session of the congress was 
dedicated to current issues in plant virology

Assoc. Prof. Dr. Antoniy Stoev of the 
Institute of the Nikola Pushkarov Soil Science, 
Agrotechnology and Plant Protection, Sofia, cited 
data on the so-called dwarfing among cereal species 
and the losses caused by various infectious agents. 
According to him, it is very important to apply 
popular precautionary measures such as: harvesting 
without grain spillage, ploughing fields, destruction 
of weeds, etc.

Assoc. Prof. Bistra Dikova of the Nikola 
Pushkarov Institute of Soil Science, Agrotechnology 
and Plant Protection discussed diseases of tomatoes, 
peppers and eggplants. She pointed out the influence 
of various viral agents isolated in Bulgaria, the 
different molecular biological techniques for their 
detection, as well as the ways of counteraction.

The Congress concluded with a round table 
discussion on the state of virology training in 
Bulgaria. Specialists from different Bulgarian 
universities - medical, veterinary-medical, agrarian 
and forestry institutes – took part in the discussion. 
The conclusions were that teaching approaches 
have been somewhat harmonized, with a tendency 
towards their improvement.
Posters of interest 

Adelina Stoyanova showed double 
combinations for consecutive administration 
against Coxsackievirus B3; Adriana Dimitrova 
demonstrated the pathological changes that occur 
in mice infected with influenza viruses; Lyudmila 
Dimitrova demonstrated the antiviral potential and 
in vivo toxicity of plant extracts that won her First 
Young Researcher Award.

All participants expressed their satisfaction 
with the outstanding achievements of virology 
presented at the Congress: synthesis of new 
viruses, innovative approaches for treatment of 
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viral infections, successes of oncolysis, modern 
approaches to the diagnosis and treatment of 
current infections such as hepatitis B, C, E, to 
name but a few. “Virology has marked sustainable 
growth,” emphasized Academician Angel Galabov 
in his closing words, “and our expectations are for 

even more significant conquests for the benefit of 
humanity.” They will be reported at the next VIth 

National Congress with international participation 
in 2023, the preparations for which have already 
begun. So, the start has been made, virology is in 
flight.

Dr. Vanya Shipochlieva, MD

Moment of the Opening of the Fifth National Congress of Virology with 
International Participation (Days of Virology in Bulgaria)
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