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Introduction
The presence of MDR-GNB in the intestinal 

tract and the transition from colonization to infec-
tion is probably not so important for non-immuno-
compromised patients like those with urinary tract 
infections, but it is of greater importance in sig-
nificantly immunocompromised patients, such as 
organ transplant and stem  cell recipients (Kuijpe 
et al., 2019). Prospective studies in haematologi-
cal patients have identified previous colonization 
with extended-spectrum beta-lactamase-production  

 
Enterobacteriaceae (ESBL-E) as the most import-
ant factor for ESBL-E bloodstream infections and 
previous colonization with MDR-GNB also in-
creases infection risk in intensive care unit (ICU) 
patients and those undergoing major abdominal 
surgery (Tacconelli et al., 2019). These patients are 
considered to be an important target for eradication 
strategies. For this purpose, different decoloniza-
tion strategies based on oral antibiotics and faecal 
microbiota transplantation are used. 
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Possibilities of Decolonization Targeting Carriers of Multidrug-Resistant 
Gram-Negative Bacteria (MDR-GNB) in the Gut

Encho Savov¹, Krasimira Kovachka², Angelina Trifonova¹, Elena Kioseva¹,  
Tanya Strateva³
1 Military Medical Academy, Sofia 
2 MBAL, Samokov
3 Мedical University, Sofia
Abstract

Intestinal carriage of extended spectrum β-lactamase Enterobacteriaceae (ESBL-E) and carbap-
enemase-producing Enterobacteriaceae (CPE) can persist for a long time (Huttner et al., 2019). Multi-
drug-resistant Acinetobacter baumannii and Pseudomonas aeruginosa and their intestinal carriage is also 
a big problem, because studies in the last years have shown that the colonization with multidrug-resistant 
Gram-negative bacteria (MDR-GNB), especially in immunocompromised patients, increases the risk of 
infections (Tacconelli et al., 2019). Therefore, the evaluation of decolonization regimens with oral antibi-
otics and faecal microbiota transplantation (FMT) used for eradication of MDR-GNB in the gut is of great 
importance in reducing morbidity and mortality in these patients.
Keywords: multidrug-resistant Gram-negative bacteria (MDR-GNB), faecal microbiota transplantation, 
immunocompromised patients
Резюме

Чревното носителство с продуциращи широко-спектърни бета-лактамази микроорганизми от 
сем. Enterobacteriaceae (ESBL-E), както и продуциращите карбапенемаза Enterobacteriaceae (CPE), 
може да персистира продължително време (Huttner et al., 2019). Множествено-резистентните Acineto-
bacter baumannii и Pseudomonas aeruginosa, заедно с тяхното чревно носителство е също значителен 
проблем, тъй-като прочувания от последните години показват, че колонизацията с множествено-
резистентни Грам-отрицателни бактерии (MDR-GNB), специално в имунокомпрометирани 
пациенти, води до риск от развитие на инфекции (Tacconelli et al., 2019). Ето защо, оценката на 
режимите за деколонизация след използването на орални антибиотици, както и трансплантация на 
фекална микробиота (FMT), използвани за ерадикация на MDR-GNB в червата, е от голяма значи-
мост за редуциране заболеваемостта и смъртността при тези пациенти.
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The objective of this study is to provide data 
on the possibility of decolonization of MDR-GNB 
carriers on the basis of literature information.
Decolonization regimen with oral antibiotics

Gut colonization with MDR-GNB - Entero-
bacteriaceae and non-fermenters (Pseudomonas 
aeruginosa and Acinetobacter spp.) in hospital-
ized, immunocompromised patients is of great con-
cern due to the persistence of intestinal carriage 
for months to years, exposing the carriers at risk 
of recurrent infections, and representing a reservoir 
for transmission (Feldman et al., 2013). Previous 
studies showed that colonization with MDR-GNB 
increases the risk of infections (Vehreschild et al., 
2014; Tischendorf et al., 2016). Оne of the actions 
proposed by WHO experts with regard to MDR 
bacteria is the priority implementation of infec-
tion-control measures to reduce the spread of infec-
tions caused by these microorganisms in communi-
ty and healthcare settings. Several decolonization 
strategies for ESBL-E and CPE carriers have been 
examined but studies were of low methodological 
quality or only showed moderate efficacy (Rieg et 
al., 2015). The most extensive experience in MDR-
GNB decolonization has been achieved by selective 
digestive decontamination (SDD) in ICU patients, 
but studies have shown conflicting results (Debby 
et al., 2012). Major limitations of these studies are 
heterogeneity in the patient case mix, ward coloni-
zation pressure, and agents combined in the decol-
onization protocols (Tacconelli et al., 2019). In this 
sense, some researchers hypothesized that a decolo-
nization regimen with oral antibiotics followed by a 
recolonization approach that restores intestinal mi-
crobiota for competition with MDR bacteria could 
be promising, hence faecal microbiota transplanta-
tion has been suggested for this purpose. (Manges 
et al., 2016; Huttner et al., 2019). In an еxtensive 
international study conducted in four academic 
centers in Switzerland, France, the Netherlands and 
Israel between February 2016 and November 2017 
thirty-nine patients colonized with ESBL-E, who 
probably had at least one episode of symptomatic 
infection with ESBL-E requiring systemic antibiotic 
therapy within ≤180 days before inclusion, were in-
vestigated. Patients randomized to the intervention 
group were assigned to oral treatment with colis-
tin sulphate (2 million international units 4×/day, 
and neomycin sulphate tablets (350 mg of neomy-
cin base 4×/day), for 5 days followed by FMT. The 
results received in this international multi-centre 
randomized controlled trial, using oral non-absorb-
able antibiotics followed by FMT showed a lower 

proportion of intestinal colonization with ESBL-E/
CPE during follow-up compared with the control 
(Huttner et al., 2019). Decolonization regimens in 
other six uncontrolled studies differed widely: the 
most common agent was oral colistin alone (Rieg 
et al., 2015) or combined with either oral amino-
glycosides (neomycin, amikacin, or tobramycin) 
(Oostdijk et al., 2012), erythromycin (Troche et 
al., 2005), rifaximin (Rieg et al., 2015), or nor-
floxacin (Paterson et al., 2001). Treatment duration 
ranged from 5 to 28 days. The studies reported de-
colonization rates at the end of the treatment, rang-
ing from no effect to 100% (Paterson et al., 2001, 
Troché et al., 2005; Abecasis et al., 2011; Oostdijk 
et al., 2012; Gutierrez-Urbon et al., 2015; Rieg et 
al., 2015). In this regard, guidelines have recently 
been developed on the prevention of CRE spread in 
hospitalized patients, evaluating studies up to 2014. 
They were developed by a multidisciplinary group 
of experts selected by the European Committee of 
Infection Control (EUCIC) according to the Europe-
an Society of Clinical Microbiology and Infectious 
Diseases (ESCMID) recommendations for devel-
oping guidelines. The aim of the guidelines was to 
present data and recommendations on decolonizing 
regimens targeting multidrug-resistant Gram-nega-
tive bacteria carriers in all settings. Four types of 
outcomes were evaluated for each target MDR-
GNB: (a) microbiological outcomes (carriage and 
eradication rates) at treatment end and at specific 
post-treatment time-points; (b) clinical outcomes 
(attributable and all-cause mortality and infection 
incidence) at the same time-points and length of 
hospital stay; (c) epidemiological outcomes (ac-
quisition incidence, transmission and outbreaks); 
and (d) adverse events of decolonization (including 
resistance development) (Tacconelli et al., 2019). 
The data obtained showed that evidence is current-
ly insufficient to provide recommendations for or 
against any intervention in patients colonized with 
MDR Gram-negative bacteria. On the basis of lim-
ited evidence of increased risk of CRE infections in 
immunocompromised carriers, the group suggests 
designing high-quality prospective clinical studies 
to assess the risk of CRE infections in immuno-
compromised patients. These trials should include 
monitoring of development of resistance to decolo-
nizing agents during treatment using stool cultures 
and antimicrobial susceptibility results according 
to the EUCAST clinical breakpoints (Tacconelli et 
al., 2019). The results from the systematic review 
of literature done by the group of experts show that 
the data presented are insufficient to provide solid 
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recommendations on decolonization. It is import-
ant to note the high heterogeneity found among 
the studies, which did not allow any meta-analytic 
approach but only a qualitative review. Some im-
portant gaps in the evaluated evidence were also 
additionally found, including inconsistent report-
ing, small sample size, wide heterogeneity between 
settings (outbreak, endemic), decolonization reg-
imens and treatment duration. In summary, based 
on limited evidence of decolonization possibilities, 
the group of experts does not recommend routine 
decolonization of carriers of MDR bacteria (Tacco-
nelli et al., 2019). 
Faecal microbiota transplantation approach

Because of the largely disappointing results 
of ‘conventional’ decolonization regimens for 
MDR-GNB, the development of novel decoloniza-
tion strategies through well-designed in vitro and 
in vivo studies is urgently needed. These strategies 
may include natural compounds (FMT, prebiot-
ics, probiotics), alternative therapies (tea tree oil, 
photodynamic therapies, omiganan pentahydro-
chloride), and bacteriophage therapy (Tacconelli et 
al., 2017). Faecal microbiota transplantation is the 
administration of thoroughly screened, healthy-do-
nor stool into a patient’s gut, either into the co-
lon (via enema or colonoscope) or into the upper 
small intestine (via nasojejunal tube or swallowed 
capsules) (Manges et al., 2016). Faecal microbio-
ta transplantation (FMT), also known as gut flora 
transplant (GFT), is the process of implanting in-
testinal microbiota from a healthy donor into the 
gastrointestinal tract of the recipient. This process 
restores the recipient’s intestinal flora and increas-
es bacterial diversity, helping to achieve an optimal 
function of the intestinal system (IPPM, 2019). Un-
like some other FMT providers, it is necessary to 
use whole, unprocessed stool taken from healthy 
donors. Instead, donated stool is filtered under spe-
cial anaerobic conditions to remove all waste ma-
terial such as digested food residues, mucus, dead 
cells, hormones etc., which significantly reduces 
the potential health risks and side effects of FMT 
(IPPM, 2019).  In that sense, uncontrolled studies 
have been conducted on FMT for decolonization 
efficacy of intestinal MDR organisms (Dinh et al., 
2018; Huttner et al., 2019). A study from France 
examined FMT for decolonization in eight carriers 
of carbapenem-resistant Enterobacteriaceae and 
nine carriers of vancomycin-resistant enterococci. 
One week after FMT, three out of eight with car-
bapenem-resistant Enterobacteriaceae and three 
out of nine with vancomycin-resistant Enterobac-

teriaceae had negative rectal swabs (Dinh et al., 
2018). Additionally, the publication of the trial by 
van Nood and colleagues in 2013 reporting the out-
standing efficacy of FMT for the treatment of recur-
rent Clostridium difficile infection has resulted in 
numerous reports examining FMT for various dis-
eases (van Nood et al., 2013; Kakihana et al., 2016; 
Kang et al., 2017). Another uncontrolled study 
from Poland reported successful eradication of in-
testinal carriage in 15 out of 20 (75%) patients with 
haematological disease colonized by CPE, ESBL-E 
or other MDR organisms 1 month after FMT (Bi-
linski et al., 2017). 
Conclusions

Infections caused by MDR- gram-negative 
bacteria are associated with significant morbidi-
ty, costs and mortality. Previous colonization with 
MDR-GNB also increases infection risk in trans-
plant and intensive care unit (ICU) patients and 
those undergoing major abdominal surgery (Tacco-
nelli et al., 2017). Controlling the spread of such 
problematic microorganisms is complicated by 
the persistence of intestinal carriage for months to 
years putting the carriers at risk of recurrent infec-
tions and representing a reservoir for transmission 
(Feldman et al., 2013). Decolonizing regimens used 
include topical agents, systemic therapy, antibiotic 
inhaled therapy, natural compounds, bacteriophage 
therapy, alternative treatments, and novel regimens 
undergoing trials. Major limitations in the studies 
in this area are heterogeneity in the patient case 
mix, ward colonization pressure, and agents com-
bined in the decolonization protocols (Tacconelli 
et al., 2017). On the basis of the limited evidence 
of increased risk of developing MDR Gram-nega-
tive infections in the colonized ICU population and 
the results of the effectiveness of decolonization of 
carriers, the group of experts accepts and does not 
recommend routine decolonization of this type of 
carriers through the use of oral antibiotics (Tacco-
nelli et al., 2017).

Clinical research on faecal transplantation 
has dramatically increased in the last few years and 
is still ongoing. The results of existing clinical stud-
ies show that FMT treatment can be beneficial for a 
wide range of acute and chronic diseases and new 
findings are continually published (IPPM, 2019). 
However, in the context of FMT for MDR organ-
ism decolonization, it should be kept in mind that 
antimicrobial resistance genes can also be acquired 
through FMT (Leung et al., 2018).  Furthermore, 
the exact role of the donor microbiota composition 
on the impact of FMT on MDR organism carriage 
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needs further investigation (Huttner et al., 2019). 
The same opinion is shared by the multidisciplinary 
group of experts, who accept that the evidence is 
insufficient to provide a recommendation for or 
against FMT. Further studies are warranted to eval-
uate the effectiveness, applicability, and safety of 
FMT, and to confirm its role in intestinal decoloni-
zation of MDR-GNB (Tacconelli et al., 2019). 
References 
Abecasis, F., R. Sarginson, S. Kerr, N. Taylor, H. K. F. van 

Saene (2011). Is selective digestive decontamination 
useful in controlling aerobic gram-negative bacilli 
producing extended spectrum β-lactamases? Microb. 
Drug Resist. 17: 17-23.

Bilinski, J., P. Grzesiowski, N. Sorensen, et al. (2017). Faecal 
microbiota transplantation in patients with blood disorders 
inhibits gut colonization with antibiotic-resistant bacteria: 
results of a prospective, single-center study. Clin. Infect. 
Dis. 65: 364-370.

Debby, B., O. Ganor, M. Yasmin (2012). Epidemiology of 
carbapenem resistant Klebsiella pneumonia colonization 
in an intensive care unit. Eur. J. Clin. Microbiol. Infect. 
Dis. 31: 1811-1817.

Dinh, A., H. Fessi, C. Duran, R. Batista, H. Michelon, F. Bou-
chand, R. Lepeule, D. Vittecoq, L. Escaut, I. Sobhani, C. 
Lawrence, F. Chast, P. Ronco, B. Davido (2018). Clear-
ance of carbapenem-resistant Enterobacteriaceae vs van-
comycin-resistant enterococci carriage after faecal micro-
biota transplant: a prospective comperative study. J. Hosp. 
Infect. 99: 481-486.

Feldman, N., A. Adler, N. Molshatzki, S. Navon-Venzia, E. 
Khara, D. Kohen, Y. Carmeli (2013). Gastrointestinal col-
onization by KPC-producing Klebsiella pneumoniae fol-
lowing hospital discharge: duration of carriage and risk 
factors for persistent carriage. Clin. Microbiol. Infect. 19: 
E190-E196.

Gutierrez-Urbon, J. M., B. Feal-Cortizas, J. Suarez-Lorenzo, 
J. L. Fernández-Trisac, M. J. Barba-Miramontes, G. Bou 
(2015). Failure of a 5 day course of selective digestive 
decontamination solution in rectal decolonization of 
ESBL-producing Klebsiella pneumoniae in neonates. J. 
Antimicrob. Chemother. 70: 625-626.

Huttner, B., V. de Lastours, M. Wassenberg, et al. (2019). A 
5-day course of oral antibiotics followed by faecal trans-
plantation to eradicate carriage of multidrug-resistant En-
terobacteriaceae: a randomized clinical clinical trial. Clin. 
Microbiol. Infect. 25: 830-838.

IPPM (2019). Bratislava, Slovakia 
Kakihana, K., Y. Fujioka, W. Suda, Y. Nijima, et al. (2016). 

Faecal microbiota transplantation for patients with ster-
oid-resistant acute graft-versus-host disease of the gut. 
Blood 128: 2083-2088.

Kang, D., J. Adams, A. Gregory et al. (2017). Microbiota 

transfer therapy after gut ecosystem and improves gas-
trointestinal and autism symptoms: an open-label study. 
Microbiome. 5: 10.

Kuijper, E., K. Vendrik, M. Vehreschild (2019). Manipulation 
of the microbiota to eradicate multidrug-resistant Entero-
bacteriaceae from the human intestinal tract. Clin. Micro-
biol. Infect. 25: 786-789.

Leung, V., C. Vincent, T. Edens, M. Miler, A. Manges (2018). 
Antimicrobial resistance gene acquisition and depletion 
following faecal microbiota transplantation for recurrent-
clostridium difficile infection. Clin. Infect. Dis. 66: 456-
457.

Manges, A., T., A. Wright (2016). Feacal microbiota trans-
plantation for the intestinal decolonization of extensive-
ly-resistant opportunistic pathogens: a review. Infect. Dis. 
(Lond). 48: 587-592.

Oostdijk, E. A. N., A. de Smet, J. Kesecioglu, M. J. M. Bonten, 
Dutch SOD-SDD Trialists Group (2012). Decontamination 
of cephalosporin-resistant Enterobacteriaceae during 
selective digestive tract decontamination in intensive care 
units. J. Antimicrob. Chemother. 67: 2250-2253.

Paterson, D. L., N. Singh, J. Rihs, C. Squier, B. L. Rihs, R. 
R. Muder (2001). Control of an outbreak of infection due 
to extended-spectrum β-lactamase-producing Escherichia 
coli in a liver transplantation unit. Clin. Infect. Dis. 33: 
126-128.

Rieg, S., M. Kupper, K. de With, A. Serr, J. A. Bohnert, W. 
V Kern (2015). Intestinal decolonization of Enterobac-
teriaceae produsing extended-spectrum beta-lactamases 
(ESBL): a retrospective observational study in patients at 
risk for infection and a brief review of the literature. BMC 
Infect. Dis. 15: 475.

Tacconelli, E., F. Mazzaferri, A. M. de Smet et al. (2019). 
ESCMID-EUCIC clinical guidelines on decolonization of 
multidrug-resistant Gram-negative bacteria carriers. Clin. 
Microbiol. Infect. 25: 807-817.

Tacconelli, E., I. Autenrieth, A. Peschel (2017). Fighting the 
enemy within. Science 355: 689-690.

Tischendorf, J., R. A. de Avila, N. Safdar (2016). Risk of 
infection following colonization with carbapenem-
resistant Enterobactericeae: a systematic review. Am. J. 
Infect. Control. 44: 539-543.

Troché, G., L. Joly, M. Guibert, J. Zazzo (2005). Detection 
and treatment of antibiotic-resistant bacterial carriage in 
a surgical intensive care unit: a 6-year prospective survey. 
Infect. Control Hosp. Epidemiol. 26: 161-165.

Van Nood, E., A. Vrieze, M. Nieuwdorp, S. Fuentes, et al. 
(2013). Duodenal infusion of donor feces for recurrent 
Clostridium difficile. N. Engl. J. Med. 368: 407-415.

Vehreschild, M. J., A. Hamprecht, L. Peterson, et al. (2014). 
A multicentre cohort study on colonization and infection 
with ESBL-producing Enterobacteriaceae in high-risk 
patients with haematological malignancies. J. Antimicrob. 
Chemother. 69: 3387-3392.



79

ACTA MICROBIOLOGICA BULGARICA Volume 36 / 3 (2020)

* Corresponding author: adkroumov@gmail.com

Review

Microalgae as Producers of Biologically Active Compounds with 
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Abstract
Algae have increasingly gained public importance as a sustainable resource in biomedicine (Lee and 

Mooney, 2012). In this respect, scientometric studies (Garfield, 2006; Konur, 2020) have a lot to offer to 
enable the key stakeholders to inform themselves about algal science, technology, and medicine, and the 
underlying research areas in the fields of algal research, especially in biomedicine (Konur, 2016). The eco-
logical and biological diversity of algae allow the synthesis of a variety of biologically active substances 
that can offer hope for the treatment of many diseases.

This review aims to emphasize microalgae action against infectious and parasitic diseases, including 
cancer diseases. The reason to discuss these illnesses together is the way they affect the macroorganism as a 
host. Therefore, it is crucially important to highlight and to consider the challenging features and activities 
of microalgae, such as antibacterial, antiviral, antifungal, antialgal, antiprotozoal, antiparasitic and antican-
cer activities. Studies to date have revealed the enormous ecological role of microalgae and the potential 
for deriving a variety of metabolites from them to be used for treatment of people, animals and other living 
beings.
Keywords: microalgae, biologically active compounds, source of medicines
Резюме

Водораслите се сдобиха с нарастваща обществена важност като устойчив ресурс за 
биомедицината (Lee and Mooney, 2012). В това отношение наукометричните изследвания (Gar-
field, 2006; Konur, 2020) има какво да предложат, за да може ключовите заинтересовани лица да 
се информират за науката за водораслите, технология и медицина и прилежащите изследователски 
области, както и в полето от изследвания на водорасли, особено в биомедицина (Konur, 2016). 
Екологичното и биологичното разнообразие на водораслите дават възможността да се синтезира 
многообразие от биологично активни вещества, които могат да бъдат надежда за излекуването на 
много болести. 

Това ревю цели да наблегне на въздействието на микроводораслите срещу заразни и паразит-
ни болести, като също така се включват и раковите заболявания. Причината да се обсъждат тези 
болести заедно е начинът, по който те засягат макроорганизма като гостоприемник. Затова е от ре-
шаващо значение да се изтъкнат и да се разгледат предизвикателните особености и действия на 
микроводораслите като антибактериално, антивирусно, антигъбно, антиалгиево, антипротозойно, 
антипаразитно и антираково действие. Проучванията, които са правени досега, разкриват огромната 
екологична роля на водораслите и възможностите да се добиват от тях разнообразие от метаболити, 
които да служат за лекуване на хора, животни и други живи същества.
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Introduction
Microalgae are a heterogeneous group of mi-

croorganisms which does not represent a separate 
taxonomic group. They can be found as individu-
al cells, colonies or filaments. This is an ecological 
group which consists of unicellular algae belonging 
to a variety of larger groups. They inhabit fresh and 
brackish waters and marine systems, sometimes 
rocks and soil. Microalgae are the subject of study of 
botany, algology and microbiology. Cyanobacteria 
in particular, which are prokaryotes, are the subject 
of microbiology, not only of botany and algology. 
Cyanobacteria, unicellular green algae, unicellular 
red algae, euglenoids (Euglenophyta), Chrysophy-
ta and dinoflagellates (Dinoflagellata) belong to the 
ecological group of microalgae. As photosynthetic 
organisms, microalgae are important to life on Earth. 
They produce a big part of the atmospheric oxygen 
and use carbon dioxide to grow photoautotrophical-
ly. Their biodiversity is enormous. They are found 
throughout the entire biosphere. They are able to 
survive under environmental stresses (Minhas et al., 
2016), more specifically heat, cold, drought, salini-
ty, photo-oxidation, anaerobiosis, osmotic pressure 
and UV exposure (Tandeau-de-Marsac, 1993).

Many algal species possess the ability of cre-
ating allelopathy. Allelopathy is a biological phe-
nomenon by which an organism produces one or 
more biochemicals that influence the germination, 
growth, survival and reproduction of other organ-
isms. These biochemicals are known as allelochem-
icals and can have beneficial (positive allelopathy) 
or detrimental (negative allelopathy) effects on the 
target organisms and the community. Allelochem-
icals belong to secondary metabolites. The phe-
nomenon of allelopathy can be used as a biological 
method for suppressing algal bloom and microbial 
contamination of the environment (contamination 
with bacteria, fungi and protozoa). Microalgae pro-
duce a large number of biological active compounds 
(BACs) with biotechnological and clinical applica-
tions. Drug resistance of bacteria and other micro-
organisms is a major problem in the healthcare of 
people and animals. 

Therefore, algae, especially microalgae, are 
considered to be a source of novel antibacterial sub-
stances that researchers hope will not lead to drug 
resistance. More importantly, their cultivation in 
large-scale photobioreactors can be controlled and 
as a result high and ultra-high density culture con-
ditions can be achieved (Richmond, 2004; Gordon 
and Polle, 2007; Sun et al., 2019; Wang et al., 2019; 
Jin et al., 2020).

Pursuing this train of thoughts, the mini-re-
view tries to focus on BACs which represent the 
antimicrobial activity of microalgae in seven as-
pects: antibacterial, antiviral, antifungal, antialgal, 
antiprotozoal, antiparasitic, and anticancer activity.
Antibacterial activity

As antibacterial agents, microalgae can sup-
press the growth of pathogenic bacteria in water 
and prevent the appearance of bacterial diseases in 
water inhabitants. It is a very common method to 
use microalgae in growing water cultures in order 
to prevent the development of bacterial diseases. 
The microalgal cultures of Chlorella minutissima, 
Tetraselmis chui, Nannochloropsis sp., A. platensis 
and Isochrysis sp. inhibited the growth of bacteria 
in the culture (Kokou et al., 2012). In this work it 
was shown that the growth of strains belonging to 
the following six bacterial species was inhibited: 
Vibrio parahaemolyticus, V. anguillarum, V. splen-
didus, V. scophthalmi, V. alginolyticus and V. lentus.

It is believed that the first antibacterial com-
pound (chlorellin) was isolated from the microalga 
Chlorella sp. (Pratt et al., 1944). It presented inhib-
itory activity against Gram-positive and Gram-nr-
gative bacteria.

Some microalgae species exert antimicro-
bial activity in many  different ways. Fischerella 
ambigua isolated from a soil sample produces par-
siguine, which has antibacterial and antifungal ac-
tivity (Ghasemi et al., 2004). Parsiguine has activi-
ty against Staphylococcus epidermidis PTCC 1114 
and Candida krusei ATCC 44507.

The marine diatom Phaeodactylum tricor-
nutum possesses antibacterial substances against 
many bacterial species (Desbois et al., 2009). The 
main isolated and identified active substance is 
eicosapentaenoic acid (EPA). Highly susceptible 
to EPA in this study are the multidrug-resistant S. 
aureus (MRSA) strains 16a and 252, other strains 
of the same species, S. epidermidis, Bacillus wei-
henstephanensis, and B. cereus. Susceptible to EPA 
are also V. (Listonella) anguillarum (a fish patho-
gen which causes deadly haemorrhagic septicae-
mic disease), Micrococcus luteus, Photobacterium 
sp., Planococcus citaeus. Eicosapentaenoic acid is 
toxic for grazers (Jüttner, 2001). Hexadecatrieno-
ic acid isolated from P. tricornutum shows activity 
against S. aureus (Amaro et al., 2011).

Ethanol extracts from Haematococcus pluvi-
alis in its red stage possess antimicrobial activity 
against E. coli and S. aureus. The reason for that 
action most probably is the presence of the short-
chain fatty acids butanoic and methyl lactic acids 
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(Santoyo et al., 2009). 
Polyunsaturated aldehydes have a special 

place among algal bioactive substances. They are 
synthesized by diatoms, e.g. Skeletonema mari-
noi (Vidoudez et al., 2008) (formerly Skeletonema 
costatum) (Sarno et al., 2005), Pseudonitzschia 
delicatissima and Thalassiosira rotula (Miralto et 
al., 1999). An example of this is decadienal (prob-
ably derived from arachidonic acid), which demon-
strates a strong activity against important human 
pathogens like MRSA and Haemophilus influenza, 
as well as against E. coli and Pseudomonas aerug-
inosa, and S. aureus and S. epidermidis. Moreover, 
it decreases the growth of diverse marine bacteria, 
such as the Gram- Aeromonas hydrophila, V. anguil-
larum, Alteromonas haloplankti, Photobacterium 
phosphoreum and Psychrobacter immobilis, and 
the Gram-positive P. citreus and M. luteus (Smith 
et al., 2010).

The extracellular metabolites from S. 
costatum in the middle steady-state growth phase 
have shown an effect against Listeria monocyto-
genes (Terekhova et al., 2009). Naviner and co-
workers detected antibacterial activity in organic 
extract of S. costatum against many species of Vib-
rio (Naviner et al., 1999). In their study, this extract 
inhibited the growth of V. mytili T, Vibrio sp. S322 
(Japanese oyster larvae pathogen), Vibrio sp. VRP 
(clam larvae pathogen), and V. anguillarum.

Strains of Chroococcus dispersus, C. vulgar-
is and Chlamydomonas reinhardtii showed signifi-
cant activity against the bacteria S. aureus, S. epi-
dermidis, B. subtilis, E. coli and Salmonella typhi 
(Ghasemi et al., 2007). In this study, strains of C. 
dispersus also inhibited the growth of P. aerugino-
sa. 

A study of Das and coworkers ascertained 
that organic extracts from Euglena viridis inhibit 
the growth of P. aeruginosa, P. putida, P. fluores-
cence, A. hydrophyla, Edwardsiella tarda, V. algi-
nolyticus, V. anguillarum, V. fluvialis, V. parahae-
molyticus, V. harveyi and E. coli (Das et al., 2005).

It should be noted that the methods for me-
tabolite extraction from microalgae are very well 
developed (Cuellar-Bermudez et al., 2014; Alassali 
et al., 2016; Stirk et al., 2020). Moreover, current 
literature offers methods and strategies (in books, 
review and papers) for identification, isolation and 
extraction of many various secondary metabolites 
from microalgae.
Antiviral activity

A number of viral diseases have emerged 
(and re-emerged) in recent years. Although sever-

al antiviral drugs have been specifically developed, 
drug-resistant mutations are constantly occuring. 
That is why microalgae have attracted special at-
tention as potential suppliers of antiviral substances 
(Borowitzka, 1995).

The viral infection is divided into three stages:
Stage I, which consists of adsorption and in-

vasion of cells;
Stage II, or eclipse phase, during which the 

cell is forced to synthesize multiple copies of the 
virus; 

Stage III, or maturity and release of virus 
particles (Amaro et al., 2011). For example, the an-
ti-HSV activity of the antiviral compound acyclo-
vir manifests itself at stage II (Elion et al., 1977; 
Schaeffer et al., 1978; Elion, 1982), but the an-
ti-HSV factor from Dunaliella spp. inactivates the 
viral function at stage I (Ohta et al., 1998). The anti-
viral activity was expressed during HSV adsorption 
and invasion of the cells (Ohta et al., 1998). The ex-
tract of Dunaliella primolecta had the highest anti 
HSV-1 activity. Using chromatographic techniques, 
three substances were purified from D. primolec-
ta, which showed anti-HSV effect. The substances 
were identified as pheophorbide-like compounds 
using NMR and MS analyses.

The sulfated polysaccharide from the cell 
wall of the red microalga Porphyridium sp. has 
impressive antiviral activity against Herpes sim-
plex virus types 1 and 2 (HSV 1, 2) and Varicella 
zoster virus (VZV) (Huleihel et al., 2001). Anoth-
er antiviral action of sulfated polysaccharides was 
found against the viral hemorrhagic septicemia vi-
rus (VHSV) of salmonid fish and the African swine 
fever virus (ASFV), which are economically sig-
nificant viruses (Fabregas et al., 1999). Endocellu-
lar extracts from Porphyridium cruentum, C. auto-
trophica, Isochrysis galbana var. Tiso, Ellipsoidon 
sp., and D. tertiolecta were able to inhibit VHSV 
replication. The extracts from P. cruentum, C. auto-
trophica and Ellipsoidon sp. inhibited ASFV repli-
cation as well (Fabregas et al., 1999).

Allophycocyanin isolated from Spirulina 
platensis decreased the cytopathic effect of cells in-
fected by enterovirus 71. Enterovirus 71 infection 
is a socially significant disease which causes visible 
morbidity and mortality among children. For this 
reason, the discovery of the action of allophycocy-
anin is important. The mechanism of its antiviral 
effect is a delay in the viral RNA synthesis in the in-
fected cells and a reduction in the apoptotic process 
in rhabdomyosarcoma cells infected by enterovirus 
71 (Shih et al., 2003).
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Many other polysaccharides from marine al-
gae have important antiviral actions. Details can be 
found in the work of authors (Ahmadi et al., 2015). 
A good example is the sulphated polysaccharide 
naviculan, isolated from the diatom Navicula di-
recta (Lee et al., 2006). The studies of Lee and 
coworkers established that naviculan has a strong 
antiviral activity against HSV-1 and HSV-2 (IC50: 
7–14 μg/mL) and the influenza virus. The activity 
is expressed in inhibition of the initial stages of vi-
ral replication. Remarkably, in this study naviculan 
demonstrated an inhibitory effect of HIV infection. 
The mechanism of the inhibitory action of this 
polysaccharide was the influence on the virus bind-
ing and penetration processes. Naviculan hinders 
the fusion between the cells which express CD4 re-
ceptor and the HeLa cell line, which expresses HIV 
gp160 glycoprotein.

The sulphated exopolysaccharide p-KG03 
from Gyrodinium impudicum manifested impres-
sive antiviral activity in vitro (EC50 = 26.9 µg/ml) 
against the encephalomyocarditis virus (EMCV) 
(Yim et al., 2004). Cochlodinium polykrikoides 
produces polysaccharide A1 and A2, which inhibi- 
ted the cytopathic effect of the following viruses: 
influenza virus types A and B in MDCK cells, res-
piratory syncytial virus types A and B in HEp-2 
cells, and human immunodeficiency virus type 1 in 
MT-4 cells (Hasui et al., 1995).

Calcium spirulan isolated from Arthrospira 
platensis was found to be a selective inhibitor of 
the viruses HSV-1 (in HeLa cells), HCMV (in HEL 
cells), influenza A (in MDCK cells), Coxsackie vi-
rus (in Vero cells), measles (in Vero cells), HIV-1 
(in MT-4 cells), polio (in Vero cells), and mumps 
(in Vero cells) (Hayashi et al., 1996).

Nostoc flagelliforme produces the acidic poly-
saccharide nostoflan. It inhibits the viruses HSV-1 
and HSV-2, human cytomegalovirus and influenza 
A virus (Kanekiyo et al., 2007). The study showed 
that in HSV the antiviral effect is due to preventing 
the virus from binding to the host cell.

Analyzing the data in this area, it can be con-
cluded that many challenges still remain; however, 
the success in the current state of art emphasizes the 
new frontiers beyond which researchers can find 
the key to sustainable cure of virus diseases.
Antifungal activity

Fungal infections are known for their persis-
tence. Pathogenic yeasts are common infectious 
agents among people and animals. Candidiasis is 
a common yeast infection in the human popula-
tion. More than a half of women have experienced 

at least once in their life candidiasis. Candida spp. 
infections are some of the most persistent among 
women. If left untreated, they lead to infertili-
ty (Pellati et al., 2008), arthritis (Yordanov et al., 
2004), and other body damages. Immunocompro-
mised people are susceptible to fungal diseases – 
yeasts and mould spores.

Once again, attention is directed to the sub-
stance parsiguine isolated from F. ambigua, which 
has not only antibacterial action, as mentioned 
above, but is also active against the yeast C. krusei 
ATCC 44507 (Ghasemi et al., 2004).

Recently, ten microalgal strains were isolat-
ed from freshwater reservoirs in Turkey. They pos-
sessed antifungal activity against the yeast species 
Saccharomyces cerevisiae, C. albicans and C. trop-
icalis. Oscillatoria sp. and Chlorococcus sp. per-
formed the best results against these yeast species 
(Katircioglu et al., 2006). 

Ethanol extracts of H. pluvialis were tested 
against C. albicans and Aspergillus niger (Santoyo 
et al., 2009). All extracts were active against C. 
albicans, but not against A. niger. The main com-
pounds responsible for this antifungal activity were 
found to be butanoic acid and methyl lactate, both 
of which had previously been described to possess 
antimicrobial activity (Smulders et al., 1986; Cher-
rington et al., 1991).

C. reinhardtii has been showing a broad spec-
trum of activities. In particular, it has not only anti-
bacterial but antifungal activities as well. Ghasemi 
and coworkers (Ghasemi et al., 2007) found that C. 
reinhardtii inhibited the growth of C. kefyr, A. niger 
and A. fumigatus.

Marres and coworkers tested Scenedesmus 
obliquus extracts for antifungal activity (Marres 
et al., 2019). The tested fungi were: A. flavus, A. 
steinii, A. ochraceus, A. parasiticus, A. westerdijik-
ia, A. carbonarius, Fusarium verticillioides, F. pro-
liferatum and Penicillium verrucosum. The diethyl 
ether extract of S. obliquus inhibited the growth of 
all listed fungal species. Aqueous, methanolic, eth-
anolic, acetone and chloroform extracts showed ac-
tivity only to some of the tested fungal species. For 
example, the aqueous extract had activity against A. 
flavus, A. steinii, A. westerdijikia and A. carbonar-
ius.

Karatungiols A and B were isolated from the 
marine dinoflagellate Amphidinium sp. (Washida et 
al., 2006). They were identified as polyols. The in-
vestigation found that karatungiol A performed an 
activity against A. niger with a concentration of 12 
μg/disc.
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According to the study of Abedin and 
Taha, ethanol, acetone, diethyl ether and 
methanolic extracts of S. quadricauda have 
shown antifungal activity against A. niger, A. 
flavus, P. herquei and F. moilifore (Abedin and 
Taha, 2008).

Extracts of C. vulgaris and C. minutissima 
have a strong activity against A. niger and F. 
oxysporum when they are cultivated on Iroko 
tree extract water (Vehapi et al., 2018). The 
study revealed a difference in their antifungal 
activity when they were grown in other media 
and it was lower when grown in BBM medium 
and Istanbul’s waste water.

In the work of Ghasemi and coworkers 
(Ghasemi et al., 2007), supernatants of 15 
strains of the algae C. reinhardtii, C. dispersus, 
C. vulgaris, Chlorella sp., Anacystis nidulans, 
C. ellipsoidea and Oocystis sp. exhibited a 
good and moderate antifungal activity against 
C. kefyr, A. fumigatus and A. niger. Only 
strain C. dispersus 039 had activity against C. 
albicans. The other algal extracts tested did 
not have any activity against C. albicans.

Hence, the antifungal activity of 
microalgal species can be optimized by 
using not only engineering specification and 
methods of cultivation, but application of 
modern molecular methods for redirection of 
algal metabolism to desired targeted intra- and 
extracellular metabolites.
Antialgal activity

Inhibitory phenomena among algae have 
been reported over the past years. Some species 
inhibit their own growth during a certain stage of 
growth by producing secondary metabolites. This 
phenomenon is called autoinhibition. Examples 
of this are S. costatum (Imada et al., 1992) and H. 
pluvialis (Sun et al., 2001). Other species can in-
hibit the growth and reproduction of different al-
gal species in the surrounding environment. A third 
kind of microalgae at some stage of growth inhibit 
themselves and other algal species (Yingying et al., 
2008; Sun et al., 2012). This interaction appears in 
mixed culture conditions when the product of one 
species is inhibitor to other ones. This phenome-
non is well documented in scientific literature on 
bacterial mixed culture and its interactions (Botta 
and Cocolin, 2012; Smid and Lacroix, 2013; Zhang 
and Zeng, 2019). I. galbana, which belongs to the 
unranked taxon Haptophyta (Prymnesiophyta), 
is such an example. The growth inhibitor isolat-
ed from I. galbana was identified as 1-[hydrox-

yl-diethyl malonate]-isopropyl dodecenoic acid, 
C22H38O7 (Yingying et al., 2008). It inhibited the 
growth of I. galbana itself, D. salina, P. elliptica, 
C. vugralis, Nitzschia closterium, Chaetoceros 
muelleri, C. gracilis, N. closterium f. minutissima 
and P. tricornutum. The production of antialgal 
substances from I. galbana increases from the ex-
ponential to death phase of cultivation (Sun et al., 
2012). The ethyl acetate extract of this microalga 
was studied. It showed significant growth inhibi-
tion to I. galbana itself, to C. muelleri, C. gracilis, 
P. tricornutum, N. closterium, Platymonas elliptica 
and D. salina. Fucoxanthin is a major carotenoid 
in I. galbana (Kim et al., 2012), but in the research 
of Sun et al. it was found that stearic acid and oleic 
acid are the main compounds of the studied ethyl 
acetate extract. Probably these substances suppress 
the growth of these microalgae.

The cyanobacterium Microcystis aerugino-
sa (NIES-87) produces the tetrapeptide kasumi-
gamide, which inhibits the growth of C. neglecta 
(NIES-439) (Ishida and Murakami, 2000). A study 
of Proctor (Proctor, 1957) found that C. reinhardii 
and H. pluvialis cannot exist together in one and 
the same place. C. reinhardii liberates substances 
which inhibit the growth of H. pluvialis. It is sup-
posed that the inhibitor is a long-chain fatty acid or 
mixture of such acids.

Peridinium bipes exercises an inhibitory ef-
fect over the growth of M. aeruginosa. The wa-
ter-soluble extract from P. bipes caused leakage 
of phycobilines phycocyanin and allophycocyanin 
from the cells of M. aeruginosa (Wu et al., 1998).

Macroalgae can inhibit the growth of mi-
croalgae (Sun et al., 2016; Sun et al., 2018). The 
green alga Ulva prolifera produces substances, 
which inhibit the growth of red tide microalgae 
(Sun et al., 2016). Ten substances were isolated 
from U. prolifera and they successfully inhibit-
ed the red microalgae. They are 1-O-octadecano-
ic acid-3-O-β-D-galactopyranosyl glycerol (2), 
1-O-palmitoyl-3-O-β-D-galactopyranosyl glyc-
erol (4), 1-O-palmitoyl-2-O-oleoyl-3-O-β-D-ga-
lactopyranosyl glycerol (5); glycerol monopalmi-
tate (1), 9-hexadecenoic acid 2,3-dihydroxypropyl 
ester (3); loliolide (6), isololiolide (7); zeaxan-
thin (8); cholest-5-en-3-ol (9) and pyrrolopipera-
zine-2,5-dione (10). U. pertusa produces 9 antial-
gal compounds against red tide microalgae (Sun et 
al., 2018).

The review of literature in this paragraph 
clearly shows that microalgal interactions in a 
mixed culture is a crucially important topic and 
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opens new frontiers for control and optimization of 
algal populations in research as well as in environ-
mental niches.
Antiprotozoal activity

Protozoal infections affect predominantly 
people of the tropical regions. Very often the af-
fected people are among the poorest in the world. 
According to the World Health Organization for 
the year 2013, one billion people suffer from pro-
tozoal diseases. Billions of animals are affected, 
too. Protozoa are unicellular organisms which are 
eukaryotic like the cells of their hosts. It means that 
they have similar cell structures. Hence, it is hard to 
invent effective antiprotozoal medicines which are 
not strongly toxic to the hosts. The problem with the 
drug resistance of protozoa has to be considered, 
as well. Thanks to their specific physiology, algae 
are an inexhaustible source of diversity of BAC. 
Therefore, they focus the attention of researchers 
around the world in the field of antiprotozoal activi-
ty. Many of the studies on antiprotozoal activity are 
bound with macroalgae (Torres et al., 2014).

For example, the marine dinoflagellate Am-
phidinium sp. expresses antiprotozoal activity too. 
Karatungiol A, which was isolated from this alga, 
exhibited antiprotozoan activity against Tritricho-
monas foetus at concentration 1 μg/ml (Washida et 
al., 2006). Calothrix sp. produces the indole [3,2-j] 
phenanthridines named calothrixins A and B. They 
have antiplasmodial activity against Plasmodium 
falciparum FAF6 (Rickards et al., 1999). Ambigol 
C is a natural product, isolated from F. ambigua. 
It has a moderate antiprotozoal activity against P. 
falciparum clone KI (IC50 = 1.5 Lg mL–1) and NF54 
(IC50 = 2.4 Lg mL–1) (Perez et al., 1990) and a mod-
erate activity against Trypanosoma rhodesiense 
(Wright et al., 2005). From the strain M. aerugi-
nosa PCC 7806, aerucyclamides A, B (Portmann 
et al., 2008a), C and D were isolated (Portmann et 
al., 2008b). Submicromolar IC50 values were de-
termined for aerucyclamide B against P. falcipar-
um. Aerucyclamide C had low micromolar values 
against T. brucei rhodesiense (Portmann et al., 
2008b). Nostocarboline is a β-carboline indole al-
kaloid, isolated from Nostoc sp. 78-12A (Barbaras 
et al., 2008). It exhibited a pronounced activity 
against P. falciparum K1. Nostocarboline inhibited 
Plasmodium sp. in nanomolar concentration.

In conclusion of this paragraph, it seems that 
many studies in this field give hope that algaе/mi-
croalgae can be successfully used as antiprotozoal 
agents and their antiprotozoal activity can be mon-
itored, controlled and optimized.

Antiparasitic activity
In addition to antiprotozoal activity, antipar-

asitic substances against multicellular parasitic or-
ganisms (mainly parasitic animals) can be isolated 
from algae and microalgae. Alkaloid and ethyl ac-
etate extracts from Cladophora crispata decrease 
the number and the weight of the hydatid cysts of 
Echinococcus granulosus (Athbi et al., 2014). The 
study was compared with the effect of the tradi-
tional medicine albendazole. The smallest num-
ber and size of the cysts after treatment was found 
after treatment with albendazole, though alkaloid 
and ethyl acetate extracts had similar effect on  
E. granulosus hydatid cysts.

One of the latest findings in the research of 
C. vulgaris shows that its extracts exhibit toxicity 
against the nematode Steinernema feltiae (Zielin-
sky et al., 2020). S. feltiae parasitizes insects and 
infects them with enthomopathogenic bacteria, as 
well. According to the study, the hydrophilic ex-
tract of C. vulgaris is lethal for this nematode in 
concentrations of 37.5, 75 and 150 mg/mL with 
complete mortality.

Parasitic diseases are socially important for 
people and are a problem for domestic animals. 
More studies have been conducted on antiparasit-
ic agents derived from macroalgae than from mi-
croalgae. Hence, many microalgae species can be 
researched for future antiparasitics.
Anticancer activity

The fight against cancer has been a major 
challenge in medicine and veterinary medicine for 
decades. The key problem arises from the close 
similarity between a normal and a cancer cell, 
which makes the application of effective antican-
cer medicines very difficult without causing side 
effects to normal cells. Many plants, bacteria, fungi 
and synthetic compounds have been studied in or-
der to identify substances with anti-cancer activity 
in their metabolites. Research in this area has been 
of varying success. Algae, especially microalgae, 
appear to be one of the hopes for finding effective 
anticancer substances.

In this part attention will be focused on stud-
ies on anticancer activity, including those of Mar-
tinez-Andrade et al. (2018).

The production of BACs from algae can vary 
depending on the growth conditions. The changes 
of light, temperature and nutrients have influenced 
biosynthesis (Martinez-Andrade et al., 2018). For 
example, the diatom S. marinoi manifested an-
ti-cancer activity against human melanoma cells 
(A2058) when it was cultured in nitrogen depletion 
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conditions (Lauritano et al., 2016).
Carotenoids are a popular group of anticancer 

substances isolated from microalgae. Chlorella spp. 
are a commercial source of lutein, β-carotene, zea-
xanthin and astaxanthin. Carotenoids isolated from 
the marine C. ellipsoidea and freshwater C. vulgar-
is have shown antiproliferative activity (Kwang et 
al., 2008). The main carotenoid from C. ellipsoidea 
is violaxanthin and the other two minor substances 
are the xanthophylls antheraxanthin and zeaxan-
thin, whereas the main carotenoid from C. vulgaris 
is lutein for those particular culture conditions. The 
extracts from both species express anticancer activ-
ity against human colon cancer cells. Violaxanthin 
isolated from D. tertiolecta showed inhibition of 
the growth of breast adenocarcinoma cell line (line 
MCF-7) (Pasquet et al., 2011).

Polyunsaturated aldehydes are another im-
portant group of anticancer substances isolated from 
microalgae. Two decades ago, three polyunsaturat-
ed aldehydes were isolated from the marine diatoms 
Talassiosira rotula, S. costatum and P. delicatissima 
(Miralto et al., 1999). The substances were 2-trans-
4-cis-7-cis- decatrienal, 2-trans-4-trans-7-cis-de-
catrienal and 2-trans-4-trans-decadienal. Miralto 
and coworkers found that they had anti-prolifera-
tive activity on human colon adenocarcinoma cell 
line (Caco-2).

An aqueous extract from C. sorokiniana re-
duces cell viability of non-small-cell lung cancer 
cell line (NSCLC) (A549 and CL1-5 human lung 
adenocarcinoma cells) (Lin et al., 2017). It is im-
portant to note that when working with extracts 
the mortality of cancer cells depends on the con-
centration of the extract, where many metabolites 
with different chemical structure are present. Fur-
ther work is needed to identify and isolate the tar-
get chemical agent, which is area of downstream 
processing.

Synthetic polyunsaturated aldehydes (PUAs) 
(initially discovered in diatoms, including S. ma-
rinoi) were used in the study of Sansone and co-
workers (Sansone et al., 2014). They inhibited the 
proliferation of Lung adenocarcinoma (A549) and 
Colon adenocarcinoma (COLO 205) cell lines, but 
did not significantly reduce cell viability of the nor-
mal cells (BEAS-2B cells). Chrysolaminaran iso-
lated from the diatom Synedra acus inhibited the 
growth of Colorectal adenocarcinoma (lines HT-29 
and DLD-1), while being non-toxic for the normal 
cells (Kusaikin et al., 2010).

Most probably, Navicula species can perform 
anticancer activities. Stigmasterol isolated from 

N. incerta induced apoptosis in human hepato-
ma HepG2 cells (Liver hepatocellular carcinoma) 
(Kim et al., 2014).

Fucoxantine is a carotenoid found in sea-
weeds and diatoms (Peng et al., 2011). It has a va-
riety of bioactivities, including cancer activity. It is 
found, for example, in the diatom species Chaetoc-
eros sp., Cylindrotheca closterium, P. tricornutum, 
and some others. Fucoxantine reduced the viability 
of the following cancer cell lines: Promyelocytic 
leukemia (HL-60), Caco-2, colon adenocarcinoma 
(HT-29), DLD-1 and prostate cancer (PC-3, DU145 
and LNCaP).

Eicosapentaenoic acid derived from Cocco-
neis scutellum triggers apoptotic activity in breast 
carcinoma cells (BT20) (Nappo et al., 2012).

C. calcitrans produces substances against 
breast cancer, which induce apoptosis. Two studies 
demonstrated this phenomenon. According to Goh 
and coworkers, crude ethyl acetate extract of C. 
calcitrans together with Nannochloropsis oculata 
suppressed the growth of breast adenocarcinoma 
(MDA-MB-231) (Goh et al., 2014). Nigjeh and co-
workers established that the ethanol extract of C. 
calcitrans has a cytotoxic effect against the human 
breast cancer cell line MCF-7 (Nigjeh et al., 2013).

P. tricornutum appeared to have a broad spec-
trum of activities. This includes anticancer activity, 
which is demonstrated by inducing of apoptosis. 
Fatty alcohol ester nonyl 8-acetoxy-6-methyloc-
tanoate (NAMO) isolated from this diatom has an-
ticancer activity against human promyelocytic leu-
kemia (HL-60), human lung carcinoma (A549) and 
mouse melanoma (B16F10) (Samarakoon et al., 
2014). Galactolipids (monogalactosyl diacylglyc-
erols) isolated from P. tricornutum induced apopto-
sis of cancer cells (Andrianasolo et al., 2008). Sa-
marakoon and coworkers studied BACs of dinofla-
gellate Amphidinium carterae (Samarakoon et al., 
2013). Its extracts were tested on the same cell lines 
of his previous study - human promyelocytic leu-
kemia (HL-60), human lung carcinoma (A549) and 
mouse melanoma (B16F10). Hexane fractions and 
ethyl acetate fractions from A. carterae effectively 
suppressed the growth of these cell lines in vitro.

Methanolic extracts of A. operculatum and 
Ostreopsis ovata had cytotoxic activity against the 
cell line HL-60 (Shah et al., 2014). Many other 
studies prove the cytotoxicity of microalgae ex-
tracts (Khanavi et al., 2012; Ávila-Román et al., 
2016).

The enormous potential of microalgae and 
cyanobacteria to produce BAC with anticancer 
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activities has attracted attention in many areas of 
medical research (Park et al., 2017; Moshfegh et 
al., 2019; Fayyad et al., 2019; James and Thom-
as, 2019; Abd El-Hack et al., 2019; Senousy et al., 
2020). Therefore, future prospects and trends show 
bright horizons for the application of BAC from mi-
croalgae in cancer therapy as well as in all branches 
of medicine, especially those related to infections. 
Conclusions

This review has examined the role of microal-
gae in the fight against infectious and parasitic dis-
eases including cancer diseases (although not every 
cancer is caused by a virus all cancer cells invade 
the body and are therefore included in this review). 
The ecological diversity of algae and microalgae 
allows the production of a much wider diversity of 
substances against these diseases. Extreme envi-
ronments and modern algal culturing techniques for 
these organisms are a premise for the biosynthesis 
and production of an endless variety of BACs with 
desired properties. There are many groups of algae 
which synthesize pigments. Pigments as sources of 
BACs can be applied in many areas of social life. 
Microalgae can be considered as a new, extremely 
useful alternative source of medicines which can 
improve the quality of life of humans and animals.
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Abstract

Pichia kudriavzevii is commonly used in food processing, its association with human infection is 
very rare. In the few cases where it has been reported, it is rarely present in healthy individuals. This study 
investigated the incidence of Pichia kudriavzevii among patients on catheter in a tertiary institution in Ekiti 
State. A structured questionnaire was used to collect demographic data of the patients. Fifty-six non-repeat 
catheterized urine samples were collected from consented patients and both pathogenic factors and antifun-
gal resistance were determined among the Pichia kudriavzevii isolated. Out of the 56 urine samples tested, 
15 (26.8%) were positive for P. kudriavzevii while 31 (73.2%) showed growth of other fungi, mostly of the 
genus Candida. Out of the antifungal agents tested against P. kudriavzevii, ketoconazole [n=11 (73.3%)] 
was the most effective followed by clotrimazole [n=7 (46.7%)] and nystatin [n=6 (40%)]. According to the 
outcomes of the present study, P. kudriavzevii appears to be associated with urinary catheter and with many 
virulence factors. The isolates were also resistant to first-line antifungal drugs in addition to the virulence 
factors. This yeast may emerge as another fungal pathogen especially among immunocompromised. 
Keywords: Pichia kudriavzevii, catheter, urine, yeast, antifungal

Резюме
Дрождите от вида Pichia kudriavzevii обикновено се използват при преработка на храни, но е 

известна и връзка им с инфекция при хора. В малкото докладвани случаи, този вид рядко се среща 
при здрави индивиди. Настоящото проучване изследва честотата на P. kudriavzevii сред пациенти с 
катетър настанени в третостепенна болница в щат Ekiti, като за събиране на демографските данни е 
използван структуриран въпросник. От 56 съгласни катетеризирани пациенти са събрани проби от 
урина, след което са определени патогенните фактори и антифунгалната резистентност на изолатите 
от P. kudriavzevii. От всички 56 тествани проби, 15 (26.8%) са положителни за P. kudriavzevii, докато 
останалите 31 (73.2%) показват развитие на други гъби, предимно от род Candida. Най-голям ефект 
от антифунгалните препарати показва кетоконазол [n=11 (73.3%)], последван от клотримазол [n=7 
(46.7%)] и нистатин [n=6 (40%)]. Резултатите от настоящото проучване доказват връзката на че P. 
Kudriavzevii с уринарните катетри и факторите на вирулентност. Изолатите също са резистентни 
към антифунгални лекарствени средстав от първа линия в допълнение към факторите на вирулент-
ност. Тези дрожди могат да се появят като допълнителен гъбичен патоген, особено сред имуноком-
прометирани пациенти.
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Introduction
Urethral catheterization is used for patients of 

all ages but it is very common among the elderly and 
chronically ill patients (Hollingsworth et al., 2013). 
Indwelling urinary catheters have been reported as 
the leading cause of nosocomial infections. Cath-
eterization is responsible for the high incidence of 
urinary tract infections (UTI). Candida species are 
the most commonly encountered opportunistic fun-
gi that can colonize urethral catheters (Kauffman, 
2005; Padawer et al., 2015).

Pichia kudriavzevii, a teleomorph of Candida 
krusei, is a yeast extensively distributed in the en-
vironment. P. kudriavzevii and C. krusei have been 
reported to be the two names used for the same or-
ganism. Approximately 99.6% of their DNAs are 
similar while they still share other attributes. P. 
kudriavzevii has been reported to have a wide appli-
cation in beverage (e.g nunu, wine) and food (e.g. 
cassava, sourdough bread) fermentation processes 
(Akabanda et al., 2013; Yuangsaard et al., 2013; 
Del Mónaco et al., 2014). However, its recent im-
plication in different human diseases is worth not-
ing. The telemorph of the organism, C. krusei, has 
ranked as the one of the most common cause of can-
didemia and duodenal perforation (Sridhar et al., 
2006; Al-Bshabshe et al., 2019). It is also a major 
cause of invasive fungal infections among patients 
undergoing grafting and those with haematological 
disorder. 

P. kudriavzevii has been repeatedly isolated 
from infant diarrhea and regularly from other hu-
man diseases. The species is very difficult to isolate 
because of its strong similarities to already estab-
lished and popular species of the Candida genus 
(Ellis, 2016). This makes its correct identification 
critical and of serious clinical significance, and pre-
sents a very good basis for proper diagnoses and 
treatment. In most cases, administration of antifun-
gals commences immediately after sepsis yields 
positive fungal growth (Lockhart et al., 2017). The 
presence of the P. kudriavzevii in catheterized urine 
may be due to contamination of the device itself 
or introduced during the process. The aim of this 
study is to determine the association of P. kudri-
avzevii with the urine of patients on catheter. The 
antibiotics susceptibility of the isolate and the in-
cidence of the virulence factors in the isolates were 
also determined.
Materials and Methods 
Collection of samples

Fifty-six non-repeat catheterized urine sam-

ples were collected aseptically in a tertiary hospital 
in Ekiti State, Nigeria. The samples were collected 
from 36 males and 20 females of different ages as 
described by Shepherd (2017). The catheter tube 
was stabilized by holding it below the level of the 
sampling port and the tip of a sterile syringe was 
inserted into the sampling port earlier disinfected 
with 70% alcohol. The mouth of a sterile universal 
bottle was wiped with 70% alcohol-impregnated 
swab and allowed to dry. Approximately 10 mL of 
urine sample was withdrawn into it and the bottle 
was labelled immediately. The samples were tak-
en to the laboratory within one hour of collection. 
The samples were plated on sterilized Sabouraud 
Dextrose Agar (SDA) (LabM) supplemented with 
chloramphenicol and incubated at 37°C for 48 h. 
Colonies with shiny appearance were sub-cultured 
on the same medium and incubated at the same con-
ditions. Colonies that were cream-colored, raised, 
entire, smooth and butyrous on SDA were picked and 
inoculated into SDA slants.
Characterization of isolates

The ability of the isolates to utilize and as-
similate different sugars which included galactose, 
glucose, lactose, maltose, rafinose, sucrose and tre-
halose was tested. The isolates were also grown in 
5% glucose broth containing 10% NaCl and incu-
bated at 37oC for 24 h. The ability of the isolates to 
grow at elevated temperature (40°C) was also deter-
mined. Dalmau plate method was used to determine 
the ability of the isolates to produce pseudohyphae. 
A corn meal agar plate was streaked with copious 
pure isolates using a wire loop and a sterile glass 
cover slip was placed over a part of the streak. The 
plate was examined directly on a microscope each 
day for about three days through the cover glass 
and tendency to produce hyphae, pseudo-hyphae or 
conidia was noted. Urase utilization by the isolates 
was determined as described by Fawole and Oso 

(2004). Two distinct colonies were introduced into 
a medium containing 0.1% dextrose, 0.1% peptone, 
2% urea, 0.5% NaCI, 0.2% KH2PO4 and phenol red 
as indicator. Development of a red-pink color indi-
cated a positive result as reported by Fawole and 
Oso (2004). 
DNA extraction 

The DNA of the isolates tentatively identified 
using cultural means were extracted using the Qia-
gen DNA tissue kit (Germany). The extracted DNA 
was stored at -20°C for further use. Amplification of 
the ITS1-5.8S-ITS2 region was done by universal 
primers ITS1 (5´-TCC GTA GGT GAA CCT GCG 
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G -3´) and ITS4 (5´-TCC TCC GCT TAT TGA TAT 
GC-3´) at the annealing temperature of 56°C. The 
amplification was done for 35 cycles of 98°C for 
30 s and annealing temperatures of 60°C and 72°C 
both for 30 s. This was followed by a final exten-
sion of 72°C for 5 min. The nucleic acid sequencing 
was done by Macrogen. The nucleic acid sequences 
were compared with the database at the GenBank 
database using the BLAST sequence search tool. 
The phylogenetic relationships of the isolates were 
constructed by plotting a phylogenetic tree with the 
nearest neighbour joining method using MEGA 6.0 
software.
Determination of virulence factors

Phospholipase test. Approximately 10% ster-
ile egg yolk was introduced into sterilized SDA and 
the isolates were radially streaked on it. The culture 
was incubated at 37°C for 48 h. Whitish coloration 
seen around the organism was recorded as positive 
for phospholipase production.

Proteinase test. The method of Mohan and 
Ballal (2008) was used to detect the ability of the 
isolates to produce proteinase. Approximately 0.2 
% bovine serum albumin was incorporated into 
SDA. The isolates were radially streaked on the 
agar and incubated at 37°C for 3 to 6 days. Hazy 
area surrounding the growth on the agar was re-
corded as positive.

Haemolysis. The protocol by Luo et al. 
(2002) was used to determine haemolysin produc-
tion among the isolates. Sabouraud dextrose agar 
was supplemented with 6% human blood and 3% 
glucose (pH=5.6) and a loopful of standardized 
inoculum was inoculated on the plate at 37°C for 
5 days and the result was read. 

Gelatinase production. Sterilized Sabouraud 
dextrose agar supplemented with 1% gelatin as de-
scribed by Ramesh et al. (2011). The plate was then 
incubated for 5 days at 37°C. The appearance of an 
inhibition zone was clearly visualized by the addi-
tion of 0.1% mercuric chloride. A hazy zone around 
the colony was recorded as a positive result. 

Biofilm production. Congo Red Agar (CRA) 
was prepared by supplementing SDA with sucrose 
(5%) and Congo red (0.8 g/L), according to Mathur 
et al. (2006). Isolates were streaked on agar and in-
cubated aerobically for 24 to 48 h at 37°C. Positive 
results manifested as black colonies with dry crys-
talline consistency (Pallavi et al., 2016).

Antifungal sensitivity pattern. Three antifun-
gals were tested against the isolates with the fol-
lowings concentrations in µg: clotrimazole (10) 
ketoconazole (10) and nystatin (100 units) as de-

scribed by CLSI (2012). The zone of inhibition was 
measured and interpreted accordingly. 
Results

Laboratory data of 56 patients, whose spec-
imens were obtained and evaluated, were all on 
urinary catheter. Table 1 shows the demographic 
distributions of patients by sex, age, and number of 
samples that yielded fungal growth on SDA. The 
results also revealed that 15 (26.76%) patients were 
between the age of 28 and 40 years, 26 (46.43%) 
between 41 and 60 years, and 22 (39.29%) were 
older than 60 years. It was observed that 63.67% 
(n=36) of the patients were male and 33.33% (n=20) 
were female. A total of 45 (80.36%) out of 56 urine 
samples yielded fungal growth on SDA while 11 
(19.64%) did not show fungal growth. 

Table 1. Demographic studies of specimens col-
lected from a tertiary health facility in Ekiti State, 
Nigeria

Attributes Number  
of Isolates [%]

Ages distribution
28-40 15 26.79
41 -60 26 46.43
60 and above 22 39.29

Total 56 100.00
Sex 

Male 36 63.67
Female 20 33.33

Total 56 100.00
Growth on SDA 

Positive for fungi growth 45 80.36
Negative for fungi growth 11 19.64

Total 56 100.00

P. kudriavzevii were recovered from 15 
(33.33%) out of 45 samples that yielded fungal 
growth among the samples collected for this study. 
Thirty (66.67%) of the recovered fungi were mostly 
of the genus Candida. The biochemical and mor-
phological characteristics of the isolates (P. kudria-
vzevii) produced tannish-white, dull, butyrous, low 
convex colonies with a flattened center, varying 
margin smooth to lobed, and fringed colonies. The 
colonial morphology appears to be butyrous and 
light cream in colour. Examined under microscope, 
the cells appeared to be ovoid to elongate in shape 
and occurred mainly singly and in pairs. The pseu-
dohyphae observed were abundant and moderately 
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branched. All the isolates were able to utilize none 
of the sugars except glucose. In the medium con-
taining glucose they showed a sign of fermentation. 

The PCR amplification of ITS gene of the 
fungal isolates which were tentatively identified 
using cultural and morphological methods. Lane M 
and negative (-ve) are markers and negative lanes, 
respectively, while lanes 1-6 are DNA of the fungal 
isolates from this study. The DNA of the isolates 
was about 500 bp as shown in Fig. 1. The phylo-
genetic relatedness of the isolates based on nucleic 
acid sequence using Neighbor-Joining method is 
shown in Fig. 2.

Twelve of the isolates produced biofilm and 
phospholipase apiece, while nine of the isolates 
produced proteinase. Proteinase has the least occur-
rence among the virulence factors (Table 2). A total 
of 8, 4 and 9 of the isolates were resistant to clo-
trimazole, ketoconazole and nystatin, respectively, 
as shown in Table 3.

Fig. 1. The result of amplification of genomic DNA 
of the isolates using ITS1 and ITS4 primers. Lanes 
1 and 2 represent marker and the negative control 
while other lanes are the isolates from this study.

Table 2. Incidence of virulence factors in  
P. kudriavzevii isolated from patients on catheter

Virulence Factor
Condition

Positive (%) Negative (%)
Biofilm 12 (80.00) 3 (20.00)
Gelatinase 10 (66.67) 5 (33.33)
Haemolysis 10 (66.67) 5 (33.33)
Phospholipase 12 (80.00) 3 (20.00)
Proteinase 9 (60.00) 6 (40.00)

Table 3. Antifungal susceptibility P. kudriavzevii 
isolated from catheterized urine

Antifungals Resistance Susceptible
Clotrimazole 8 (53.33) 7 (46.67)
Ketoconazole 4 (26.67) 11 (73.33)
Nystatin 9 (60.00) 6 (40.00)

Discussion
Urinary tract candidiasis is known as the most 

frequent nosocomial fungal infection worldwide. In 
this study, the organism was observed to be pres-
ent in 26.79% of the total samples collected. This 
represents a very high proportion and may be due 
to the prophylactic usage of fluconazole and other 
azole antifungals to which the isolates are basically 
resistant. P. kudriavzevii has very poor constitutive 
expression of genes that aids efflux pumps (Der-
esinski, 2018). Predisposing factors like advanced 
age, length of hospital stay, surgery and diabetes 
mellitus contribute to the high prevalence of fun-
gal colonization and infection (Leuck et al., 2012). 
Rishpana and Kabbin (2015) also stated that the 
longer patients are on urinary catheterization, the 
more the chance of fungal colonization. This may 

Fig. 2. A phylogenetic tree based on nucleic acid sequence of selected isolates in relation to closely related 
yeast species using the Neighbor-Joining method
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also increase the population and heterogeneous na-
ture of the fungal population. Reports have shown 
that both male and female urinary tracts could be 
colonized by fungi (Colodner et al., 2008; Rishpa-
na and Kabbin, 2015).

Biofilm production has been reported to be 
a common characteristic of fungi associated with 
UTIs. Apart from the fact that the biofilm signifi-
cantly contributes to the antifungal resistance of the 
fungi, it also aids attachment to the surface of cath-
eters (Trautner and Darouiche, 2004; Tumbarello et 
al., 2007). P. kudriavzevii has been reported to pro-
duce a characteristically strong biofilm that has high 
tolerance to heat and oxidative stresses (Giobbe et 
al., 2007). The biofilm formed had higher tolerance 
to heat and oxidative stresses (Chi et al., 2015). Re-
sistance of uncommon yeast to antifungals should 
be given attention because of their unusually high 
MICs previous and possible misidentification. P. 
kudriavzevii, for instance, has no established sus-
ceptibility breakpoints for some common antifun-
gals (Leuck et al., 2012; Taj-Aldeen et al., 2014).

Non-albicans Candida is increasingly be-
coming a group of organisms to watch out for in 
clinical practice because of their involvement and 
association with different human infections. Pich-
ia kudriavzevii has not been earlier reported as a 
common nosocomial pathogen, neither has its as-
sociation with urinary tract infections in the study 
area. P. kudriavzevii isolated in this study possessed 
different virulence factors and at the same time are 
resistant to different antifungals. Results in this 
study establish P. kudriavzevii to be associated with 
catheterization and also possess different virulence 
factors and are at the same time resistant to anti-
fungals. The generally regarded as safe’ status of 
the yeast and its candidacy as a probiotic should be 
reviewed. 
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Abstract

Global prevalence of Helicobacter pylori infection is changing with socio-economic and household 
improvements, and the increasing use of eradication regimens. The aim of the present study was to assess the 
current H. pylori infection rates among various groups of untreated Bulgarian adults by gender, presence or 
absence of associated diseases, residence in the capital city versus residence elsewhere, and healthcare-related 
profession versus other professions. Totally, 373 adults untreated for H. pylori infection were evaluated by 13C 
urea breath test (13C UBT), among them 69 asymptomatic subjects, 33 ulcer patients, 221 non-ulcer patients, 
and 50 subjects prior to diagnosis. Overall, 57.9% of the adults were H. pylori positive, ranging from 47.8% 
in asymptomatic subjects to ≥66.0% in ulcer patients and symptomatic undiagnosed subjects. Gender of the 
patients, residence in the capital and healthcare-associated profession were not linked to significantly different 
positivity rates when compared to the other subgroups. In conclusion, 13C UBT was used as the most accu-
rate non-invasive test for H. pylori diagnostics since it detects not past but only present active infections and 
reflects the status not only of several biopsy specimens but of the whole gastric mucosa. The present results 
showed that H. pylori infection is still a frequent infection and an important healthcare problem in our country, 
affecting from one-half to two-thirds of all subgroups of Bulgarian untreated adults.  

Keywords: Helicobacter pylori, adults, subgroups
Резюме

Глобалното разпространение на Helicobacter pylori инфекцията се променя със социално-
икономическите и битови подобрения, и все по-широкото използване на режимите за ерадикация. Цел 
на настоящото проучване беше да се открие актуалната честота на H. pylori инфекцията сред различни 
групи от нелекувани възрастни у нас. Общо 373 възрастни, нелекувани за H. pylori инфекцията, бяха 
изследвани с 13C уреен дихателен тест (13C UBT), от тях 69 безсимптомни, 33 пациенти с язва, 221 
неязвено болни и 50 души още преди поставяне на диагноза. Общо 57.9% от изследваните възрастни 
бяха H. pylori положителни, вариращи от 47.8% от безсимптомните до ≥66.0%  от пациентите с 
язва и недиагностицираните симптоматични изследвани. Полът на пациентите, местоживеенето 
в столицата и свързаната със здравеопазването професия не бяха асоциирани със статистически 
различни  честоти на положителност в сравнение с другите подгрупи. В заключение, използвахме 
13C UBT като най-акуратния неинвазивен тест за диагностика на H. pylori, тъй като той открива не 
миналите, а само настоящите активни инфекции и отразява състоянието не в няколко биопсични 
проби, а на цялата стомашна лигавица. Настоящите резултати показаха, че H. pylori инфекцията с 
все още честа инфекция и важен проблем в здравеопазването в нашата страна и засяга от половината 
до две трети от всички подгрупи нелекувани възрастни у нас. 
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Introduction
Helicobacter pylori causes one of the most 

common chronic infections in humans and it was 
estimated that more than half (about 60%) of the 
people worldwide were infected in 2015 (Sjomina 
et al., 2018). The high H. pylori importance for the 
healthcare is due to the association of the infection 
with chronic gastritis, gastric and duodenal ulcers, 
gastric cancer and mucosa-associated lymphoid 
tissue (MALT) lymphoma (Chmiela et al., 2017). 
Moreover, H. pylori has been determined as class I 
(among the strongest carcinogens) human carcino-
gen for gastric cancer by the International Agency 
for Research of Cancer (Chmiela et al., 2017). In 
most countries, H. pylori infection prevalence has 
been decreasing with socio-economic and living 
condition improvements, and the common use of 
regimens for eradication of the infection (Hooi et 
al., 2017).

The aim of the present study was to assess 
H. pylori infection rates among different groups of 
untreated Bulgarian adults according to 13C urea 
breath test (13C UBT), which is considered as the 
most reliable and the most accurate non-invasive 
test for H. pylori diagnostics (Józefczuk et al., 
2016). Importantly, unlike serology, 13C UBT de-
tects only the active present infection and, unlike 
most other diagnostic methods, reveals the state not 
of one or several biopsy samples but of the gastric 
mucosa as a whole (Gisbert and Pajares, 2004).
Material and Methods

Totally, 373 adults untreated for H. pylori in-
fection were evaluated, including 69 asymptomatic 
subjects, 33 ulcer patients, 221 non-ulcer patients, 
and 50 subjects prior to diagnosis (Table 1). 

Table 1. H. pylori positivity among untreated 
Bulgarian adults

The mean age of the subjects was 45.5 years 
(range, 18 to 88 years). Data about the place of liv-
ing were available for 87.4% (326) subjects. Of all 
subjects evaluated, 11.8% (44 persons) had health-
care-associated professions.

13C UBT evaluation was performed by 
HeliFANplus (Fischer ANalysen Instrumente 
GmbH, 04347 Leipzig, Germany) based on non-
dispersive infrared spectroscopy (Fig. 1). 

Fig. 1. HeliFANplus for 13C urea breath test

13C-UBT was carried out in patients after 
overnight fasting. After obtaining baseline breath 
samples, 13C urea (75 mg) and citric acid (2 g) were 
administered in aqueous solutions. The second 
breath sample was collected 30 min after adminis-
tering the test solutions.

Delta over baseline (DOB) cut-off value of 
2.05 or higher was considered as a positive re-
sult according to a previously plotted ROC curve  
(Boyanova et al., 2013a).
Results

Among all subjects evaluated by 13C UBT, 
216 (57.9%) were H. pylori positive. Positivity rate 
was 47.8% (33/69 subjects) in the group of asymp-
tomatic patients, but significantly higher in the 
symptomatic but still undiagnosed subjects (66.0%, 
33/50, p=0.049), (Table 1).

Group No. of tested No. of positive % of positive 95% CI P value

Gender
Women 215 131 60.9 54.3-67.2

0.168
Men 158 85 53.8 46.0-61.4

Status/
disease

Symptomatic,  
non-diagnosed 50 33 66.0 52.1-77.6 Non-diagnosed vs.  

Asymptomatic: 0.049
Asymptomatic 69 33 47.8 36.5-59.4 Asymptomatic vs.  

Ulcer: 0.074
Asymptomatic vs. 
Non-ulcer: 0.141

Ulcer 33 22 66.7 49.5-80.3

Non-ulcer 221 128 57.9 51.3-64.2

Place of 
living

Living in Sofia 285 160 56.1 50.3-61.8
0.240

Living elsewhere 41 27 65.8 50.5-78.5

Profession
Helthcare profession 44 24 54.6 40.1-68.3

0.630
Other professions 329 192 58.4 53.0-63.6

All 373 216 57.9 52.8-62.8
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Totally, 66.7% (22/33) of ulcer patients and 
57.9% (128/221) of and non-ulcer patients were 
positive. 

No statistically significant differences were 
found between the subjects living in Sofia (56.1%, 
160/285 subjects) and those living elsewhere 
(65.8%, 27/41, p=0.24). The positivity rates were 
similar in the subjects with healthcare professions 
(54.6, 24/44) and those with other professions 
(58.4%, 192/329, p=0.63).
Discussion

13C UBT accuracy is very high, with sensi-
tivity and specificity often of 90-100% (most often 
>95%), (Gisbert and Pajares, 2004). Using 75 mg 
of urea has been considered as optimal to obtain 
accurate UBT results, furthermore, citric acid test 
meal has been recommended to be added by lead-
ing specialists (Gisbert and Pajares, 2004). Moreo-
ver, DOB value for positive results was considered 
according to the ROC curve calculated beforehand 
(Boyanova et al., 2013). This is a very important 
issue and in the study of Perets et al. (2019), opti-
mizing 13C UBT cutoff to 2.74 DOB provided about 
1% more positivity to the test compared with the 
cutoff of 3.5 specified by the manufacturer.

In a meta-analysis (Hooi et al., 2017), H. py-
lori infection has been most prevalent (>79%) in 
Africa and Latin America (>63%), while a two-fold 
lower (37.1%) prevalence has been observed in 
Northern America. Our prior results confirmed the 
still high prevalence of H. pylori infection in symp-
tomatic Bulgarian children (Boyanova et al., 2019). 
In 24.2% of asymptomatic children, the infection 
was also detected (Yordanov et al., 2018). 

In our previous work on asymptomatic Bul-
garian adults, a high rate (72.4%) of H. pylori sero-
prevalence was observed (Yordanov et al., 2016). 
In the present work, H. pylori positivity rate was 
lower (>47%), most probably because serology de-
tects both present and past infections, whereas 13C 
UBT detects only current active infections.

In the present study, the infection in asymp-
tomatic subjects (47.8%) was more frequent than 
that in Germany (28.9%) and was similar to that 
in Denmark (42.9%) in 1982-1983, (Franck et al., 
2017; Levenstein et al., 2017).

A striking result of the present study was the 
very high (66.0%) positivity rate in symptomat-
ic but still undiagnosed subjects. This may be ex-
plained by the probable presence of severe or per-
sistent pain and disturbing symptoms that make the 
subjects want to be tested for infection before being 
referred to specialist gastroenterologists.

As in our previous study (Boyanova, 2007), 
there was no significant difference in H. pylori pos-
itivity between men (53.8%) and women (60.9%, 
p=0.17) in the present study.

No significant differences were found accord-
ing to the place of living in Sofia, the capital of the 
country, or according to the profession related to 
healthcare. The lack of statistical difference accord-
ing to the place of living may be due to the relative-
ly low (47 subjects, 12.6% of all adults evaluated) 
number of the subjects reporting a place of living 
outside the capital. However, in our previous study 
(Boyanova et al., 2013b), the inhabitants of the 
capital were at a 1.4-fold higher risk of H. pylori 
resistance to antibiotics compared with those living 
in other settlements. In addition, Hadzhiyski (2019) 
observed a significantly higher (37.2%) H. pylori 
positivity rate in children living in villages com-
pared to that (22.8%) in children living in towns. 
Thus, this topic merits further evaluation.

The differences in H. pylori prevalence 
among occupational groups is a topic of contro-
versy. There are relatively few recent studies on 
occupational risk factors contributing to the infec-
tion (Leja et al., 2019). In the study of Loster et 
al. (2009), gastric and oral H. pylori positivity rates 
in dentists were comparable to those in the general 
population; however, a difference was only related 
to the male sex and the length of professional ex-
posure. In a systematic review, health professionals 
were H. pylori positive compared to those with oth-
er professions, the difference being the highest for 
the health professionals of gastroenterology units 
(Kheyre et al., 2018). 

In the present study, no data were avail-
able about the exact workplace of the health care 
workers (in hospitals or dental offices), however, 
the H. pylori positivity rates in them (54.6%) were 
very similar to those (58.4%, p=0.63) of the other 
adults evaluated. Therefore, the high similarity of 
the prevalence rates in both groups does not imply 
an increased risk of the infection in health profes-
sionals evaluated in the present work. However, as 
stated by Leja et al. (2019), the influence of the so-
cial origin and conditions, in addition to the specific 
profession is also very important and should also be 
taken into account.
Conclusion

In conclusion, 13C urea breath test was used 
as the best non-invasive test for H. pylori diagnos-
tics since it detects only the current active infection 
and reflects the status of the entire gastric mucosa. 
The present results revealed that H. pylori infec-
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tion is still a frequent infection and an important 
healthcare problem in our country, affecting from 
one-half to two- thirds of all subgroups of Bulgar-
ian untreated adults. The strikingly high (66.0%) 
positivity rate in the group of undiagnosed subjects 
can be explained by the intensity of the symptoms.
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Abstract
The objective of this study was to identify strains of Escherichia coli producing extended spectrum 

beta-lactamases (ESBL) in urine cultures and to evaluate the patterns of resistance to certain antibiotics 
used in clinical practice as treatment of choice in the Valley of Toluca, Mexico. One hundred and fifty-five 
urine samples were obtained from people in the Toluca Valley, Mexico, under the necessary hygiene con-
ditions, 100 ml used to identify the pathogen and its resistance patterns were collected from each sample 
through an automated WalkAway method. In order to determine ESBL, a double disk technique was used. 
Nineteen ESLE-producing strains of E. coli were obtained, of which 100% showed resistance to ampicillin 
and cephalosporins, to tetracycline 93.75% resistance, levofloxacin 87.5% and ciprofloxacin 81.25%, and 
sensitivity of 100% to amikacin and carbapenemics. In conclusion, antibiotic resistance represents a major 
health problem. As the present study shows, ampicillin is a drug of choice for urinary tract infectioncaused 
by E. coli, but in the Toluca Valley the resistance to this antibiotic is 100% in ESBL-producing strains, 
which also show high resistance patterns to cephalosporins, quinolones, tetracycline and trimethoprim with 
sulfamethoxazole.
Keywords: sensitiviy, antibiotic, resistance, infection, E coli
Резюме

Целта на настоящото проучване е да се идентифицират щамовете на Escherichia coli, продуци-
ращи беталактамази с удължен спектър (ESBL) в уринарните култури, както и да се оценят моделите 
на резистентност към определени антибиотици, използвани в клиничната практика като лечение по 
избор в долината на Толука, Мексико. Събрани са 155 проби от урина от хора в долината Толука, 
Мексико при необходими хигиенни условия. За идентифициране на патогена и неговите модели на 
резистентност са използвани 100 мл. от всяка проба, използвайки автоматизиран метод на Walkaway. За 
да се определи ESBL, беше използвана двойна дискова техника. Получени са 19 щама, произвеждащи 
ESLE на E. coli и 100% от тях показват резистентност към ампицилин и цефалоспорини, 93.75% - 
към тетрациклин, 87.5% - към левофлоксацин и 81.25% - към ципрофлоксацин. Едновременно с това 
е отчетена 100% чувствителност към амикацин и карбапенемици. В заключение, антибиотичната 
резистентност представлява основен здравословен проблем. Както показва настоящото проучване, 
ампицилинът е лекарство за избор при инфекция на пикочните пътища, предизвикана от E. coli, но 
в долината на Толука резистентността към този антибиотик е 100 в щамовете, произвеждащи ESBL. 
Установени са също модели с висока устойчивост към цефалоспорини, хинолони, тетрациклин и 
триметоприм със сулфаметоксазол.
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Introduction
According to the World Health Organiza-

tion (WHO), urinary tract infections (UTIs) are the 
most common infections in humans (WHO, 2017). 
Globally, approximately 150 million people are di-
agnosed with UTIevery year (Tuem et al., 2019). 
They occur as a result of bacterial proliferation 
in the urinary system, manifesting itself as symp-
tomatic or asymptomatic bacteriuria (Zhao et al., 
2020).

The process by which the urinary tract main-
tains the sterility of the urine is the continuous un-
obstructed flow (Soman and Yuxuan, 2015). That is 
why, abnormalities in the anatomy or function that 
hinder that flow compromise urine sterility, giving 
way to infections (Hobeman et al., 2003). Most uri-
nary tract infections begin with the invasion of bac-
teria from the urinary tract via the ascending route 
(Baldassarre and Kaye, 1991), generally due to 
bacteria originating from the digestive tract (Bey-
ene and Tsegage, 2011; Tuem et al., 2019). These 
infections may be limited to the lower tract or blad-
der (acute cystitis), or may involve the kidney as a 
kidney or upper tract infection (acute pyelonephri-
tis) (Nicolle, 2002).

The epidemiology of infection varies with 
sex, age, and the presence of associated genitou-
rinary abnormalities (Nicolle, 2002). UTIs can 
occur in male patients, but, more frequently in fe-
male patients (Willy et al., 2015), attributed to the 
proximity of the genital tract and shorter urethra. 
Specific subpopulations at increased risk of urinary 
tract infection include infants, pregnant women, the 
elderly, patients with spinal cord injury and/or cath-
eters, patients with diabetes or multiple sclerosis, 
patients with acquired immunodeficiency disease 
syndrome, human immunodeficiency virus, and 
patients with underlying urological abnormalities 
(Nicolle, 2019). 

Urinary tract infections (UTI), both acquired 
in hospital and in the community, (Sweileh et al., 
2018), have quite a detrimental influence on the 
patient‘s quality of life. The most frequently iso-
lated microorganisms are mainly Escherichia coli, 
followed by Staphylococcus saprophyticus, Citro-
bacter spp, Enterobacter aerogenes, Pseudomonas 
aeruginosa, Proteus vulgaris, P. mirabilis, Kleb-
siella spp, S. aureus, Salmonella spp., Enterococcus 
spp., and Enterococcus spp. (Tuem et al., 2019).

Antimicrobial therapy is essential for the 
treatment of urinary tract infections to prevent 
complications (Hooton and Stamm, 1997). Today, 
the emergence of antimicrobial resistance repre-

sents a serious threat to public health worldwide 
(Li and Webster, 2018). Uropathogens belonging 
the Enterobacteriaceae family are known to pro-
duce extensive-spectrum beta-lactamases (ESBLs) 
and carbapenemases, leading to resistance to mul-
tiple drugs (Perez and Van-Duin, 2013). In particu-
lar this applies to E. coli (Gajamor et al., 2018). 
This uropathogen is the main causal agent isolated 
prevalently in uncomplicated UTI in Mexico. Its re-
sistance to antimicrobials translates into a substan-
tial financial burden on the health system, as well 
as significant morbidity for patients (Reyes and 
Ladón, 2016; Lagunas-Rangel, 2018).
Materials and Methods

In the present study, 155 urine cultures were 
performed in patients with clinical symptoms of 
urinary tract infection, without exclusion criteria 
such as gender or age, in a town in the center of the 
Toluca Valley, Mexico. Of the 155 urine cultures 
performed, the distribution was: 107 people of the 
female gender representing 69% of the study popu-
lation, and 48 men representing 31%. The age ran-
gelower limit was 1-year-old patient, and the high-
est limit was a 91-year-old patient, with an average 
age of 25 to 30 years.

For the study, 100 ml of the first urine of the 
day were collected under the necessary hygiene 
conditions for the collection of the specimen. The 
identification of the etiological agent as well as 
the sensitivity tests were performed using the au-
tomated method WalkAway SI 96 from Beckman 
Coulter. For the detection of extended-spectrum 
beta-lactamases, the double disc method was used.
Results 

Among the 155 urine cultures performed, 80 
were positive for microbial development, and 75 
showed no development.

The 51.62% that represents positive cases 
have a distribution 47.5% represented bacteria oth-
er than E coli, 8.75% corresponded to yeasts and 
43.75% represented E. coli, which is equivalent 
to 35 cultures. Of the 35 isolated from E. coli. 16 
strains show production of extended spectrum beta-
lactamases (ESBL) equivalent to 45.72%. Table 1 
shows the resistance patterns to the different anti-
biotics used, in the clinical isolates of E coli with 
production of ESBL.

The strains showed marked 100% resistance 
to second- and third-generation cephalosporins, 
which are broad-spectrum antibiotics, as well as to 
ampicillin with the same percentage, while resist-
ance to tetracycline was found to be 93.75%. 
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Table 1. Antibiotic resistance of used clunic isolates

Antibiotic 
Sensitivity pattern 

Resistant Intermediate 
Sensitivity Sensitive 

Amikacin 0 0 16
Amoxicillin /
Clavulanic Acid 4 2 10

Ampicillin 16 0 0
Ampicillin /Sul-
bactam 12 1 3

Cefazolin 16 0 0
Cefepime 16 0 0
Cefotaxime 16 0 0
Ceftazidime 16 0 0
Ceftriaxone 16 0 0
Cefuroxime 16 0 0
Ciprofloxacin 13 0 3
Ertapenem 0 0 16
Gentamicin 9 1 6
Imipenem 0 0 16
Levofloxacin 14 0 2
Meropenem 0 0 16
Piperacillin/ Ta-
zobactam 0 5 11

Tetracycline 15 0 1
Tigecycline 1 1 14
Tobramycin 9 1 6
Trimethoprim/
Sulfamethoxazole 12 0 4

Carbapenems and amikacin showed greatest 
sensitivity. Other antibiotics, such as quinolones, 
sulfa and other beta-lactams showed variable re-
sistance (Fig. 1.).

Discussion
The extended-spectrum beta-lactamases have 

a broad inhibitory activity for beta-lactam drugs, 
such as penicillin derivatives, and first-, second-, 
third- and fourth-generation cephalosporins, which 
is demonstrated in the 16 isolates with ESBL pro-
duction with a resistance pattern of 100% for am-
plicillin and cephalosporins.

Beta-lactams with beta-lactamase inhibitors 
showed variable resistance patterns, ESBLs are 
known not to have strong activity against these in-
hibitors. In the case of ampicillin with sulbactam, 
the resistance pattern is 75%, while for amoxicillin 
with clavulanic acid the resistance is only 25%. The 
strains show a resistance pattern of 0%, but an in-
termittent sensitivity of 31.25% to piperacillin with 
tazobactam.

Although carbapenems are considered to be-
long to the beta-lactam family, extended- spectrum 
beta-lactamases have no activity whatsoever for 
this class of antibiotics, so the pattern of sensitivity 
to meropenem, imipenem, and ertapenem is 100%.

On the other hand, a high resistance pattern 
is shown in other classes of antibiotics, this due to 
the influence of extended-spectrum beta-lactama-
ses. In the case of quinolones, a resistance pattern 
of 81.25% is observed for ciprofloxacin, while for 
levofloxacin the resistance pattern is 87.5%. For 
tetracycline, there is a 93.75% resistance pattern, 
also affected by the presence of ESBL. The only 
antibiotic that showed 100% activity against ES-
BL-producing isolates is the aminoglycoside ami-
kacin, and a high percentage of sensitivity was ob-
served for tigecycline.

Fig. 1. Resistance and sensitivity patterns: resistant isolates - black bars; the strains with intermediate  
sensitivity – white bars; strains with sensitivity to the antibiotic - gray with lines
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Conclusions 
E. coli is one of the main known uropathogens 

and in many cities it represents the main causative 
agent of UTI. Enterobacteriaceae have acquired 
many mechanisms of resistance to antibiotics, and 
one of the main mechanisms is the production of 
extended-spectrum beta-lactamases, which confers 
resistance to beta-lactam antibiotics as well as to 
other classes, such as quinolones and tetracyclines.

In the present study, almost 50% of the E. 
coli isolates produced ESBL, which complicates 
the treatment of urinary tract infections.  Therefore, 
first-choice therapeutic strategies face high resist-
ance patterns.
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Introduction
Indoor air quality of hospitals is remarkably 

important because the hospital environment is full 
of pathogens which may cause nosocomial and oth-
er infections through airborne exposure. Airborne 
bacteria are one of these pathogens and the evalu-
ation of their count, types and diversity in hospital 
rooms, especially operating theaters (OT), inten-
sive care units (ICU) and nursery intensive care 

units (NICU), is very important for the control and 
prevention of hospital-acquired infections (HAI). 

Coagulase negative staphylococci (CoNS) are 
one of the major bacterial species present in the in-
door hospital environment (Suzuki et al., 1984) and 
thus may contaminate the environment of OT, ICU 
and others (Vlodavets et al., 1980). CoNS compris-
es a large group of related gram-positive species, of 
which Staphylococcus epidermidis is the important 
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Abstract
This study aimed to determine the density of airborne coagulase negative staphylococci (CoNS) in 

the indoor environment of the operating theatres (OT), intensive care units (ICU) and nursery intensive care 
units (NICU) at King Abdullah University Hospital, Jordan, and to evaluate their susceptibility to different 
antibiotics. Different identified gram-positive bacteria were previously isolated from 34 air samples of the 
different wards studied. CoNS were the most prevalent of all gram positives in OT (1.65%), ICU (3.78%) 
and NICU (1.55%) with Staphylococcus saprophyticus being the most frequent (>65%) among the isolated 
species. CoNS were the most commonly isolated gram-positive cocci in ICU and showed a remarkable 
resistance to novobiocin but high susceptibility to ciprofloxacin. 

Keywords: airborne; antibiotic; cons; hospital; Staphylococci
Резюме

Това проучване има за цел да определи плътността на въздушно-пренасяните коагулазо-
отрицателни стафилококи (КоОС) във вътрешната среда на операционните зали (OЗ), отделенията за 
интензивно лечение (ОИЛ) и детските отделения за интензивно лечение (ДОИЛ) в университетската 
болница King Abdullah, Йордания, а така също да се оцени тяхната чувствителност към различни 
антибиотици. По-рано бяха идентифицирани различни грам-положителни бактерии, изолирани 
от 34 въздушни проби от съответните отделения. КоОС са най-разпространени от всички грам 
положителни резултати в OЗ (1.65%), ОИЛ (3.78%) и ДОИЛ (1.55%), като Staphylococcus saprophyticus 
е най-честият (>65%) сред изолираните видове. КоОС са най-често изолираните грам-положителни 
коки в интензивното отделение и показват забележителна резистентност към новобиоцин, но висока 
чувствителност към ципрофлоксацин.
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one as it has become a common cause of surgical 
site infection. Methicillin resistant S. epidermidis 
(MRSE) strains have become a worldwide problem 
and studies have indicated that MRSE causes 15% 
of postoperative infections (Tammelin et al., 2000). 
For this reason, the objective of this study was to 
measure the quantities of airborne CoNS bacteria in 
different units of King Abdullah University Hospi-
tal, Jordan. The susceptibility of CoNS to common-
ly used antibiotics was also evaluated.

The extensive use of some antibiotics in hos-
pitals for longer periods may lead to higher resist-
ance percentage of CoNS. Therefore, monitoring 
the presence and distribution of CoNS in the hos-
pital environment should continue. In a previous 
study for the antibiotic susceptibility and concen-
tration of airborne CoNS in the intensive care units 
of different hospitals in Northern Jordan, Saadoun 
and his collegues (Saadoun et al., 2014a) found that 
CoNS were the most prevalent bacteria of all Gram 
positives in ICU and NICU and showed remarka-
ble resistance to Novobiocin but high susceptibility 
to Ciprofloxacin. However, antibiotic sensitivity of 
CoNS in the indoor environment of a referral uni-
versity hospital, King Abdullah University Hospi-
tal (KAUH), Jordan, to commonly used antibiotics, 
has not been studied before. 
Materials and Methods
The studied hospital

The King Abdullah University Hospital 
(KAUH) is a modern general hospital located in 
Jordan University of Science and Technology 
(JUST) in Irbid city in the north of Jordan. The hos-
pital was established in 2002 with a total capaci-
ty of 850 beds and a total staff of over 2000, and 
has been used for monitoring purposes. Density of 
airborne Gram positive cocci bacteria were deter-
mined OT, ICU and NICU of the hospital. Each 
ICU and NICU consisted of three separated differ-
ent size rooms and OT consisted of eight operat-
ing rooms. The temperature in these three rooms is 
maintained at 22°C±2°C all year around.
Collection of air samples and sample processing

A total of 34 air samples of 100 liters volume/
min were previously collected by a microbiological 
air sampler (Oxoid, UK) from the different stud-
ied wards of the hospital, and then processed as de-
scribed by Saadoun et al. (2104a, 2014b). 
Isolation and identification of bacteria

Each bacterial colony recovered on agar 
plates was sub-cultured on trypticase soy agar 

(TSA) or blood agar with 5-7% defibrinated blood 
(Oxoid, UK) at 35°C for 24-48 h. Macroscopic 
and microscopic examination in addition to other 
specific biochemical tests were performed to 
identify each bacterial colony. A pure colony was 
picked up from each culture plate, then a smear 
was prepared on a clean microscopic glass slide, 
dried, fixed by heating and Gram stained according 
to the standard methods (Balows et al., 1991). 
All slides were microscopically evaluated at 100 
X. According to the results of Gram stain, each 
bacterial colony was sub-cultured under aseptic 
conditions on different culture media for isolation, 
identification, and testing the susceptibility of the 
isolates to common used antibiotics (Table 1).
Identification of CoNS

The identification process was based on the 
results of Gram staining. Catalase activity was the 
first step in identifying Staphylococcus spp., which 
was performed to the standard methods (Koneman 
et al., 1997) and on the morphology of colonies 
(medium to large, smooth, entire, slightly raised, 
translucent), and showing clusters of gram positive. 
They can grow on mannitol salt agar (Oxoid, UK) 
and their coagulation of plasma indicates positive 
results of coagulase production, especially for 
S. aureus. All of the above tests were performed 
according to standard methods (Balows et al., 
1991).
Antimicrobial susceptibility test

Plates and inoculums preparation. Test or-
ganism from the isolated culture was activated by 
inoculation into Mueller-Hinton broth or trypticase 
soy broth (Oxoid, UK), then incubated at 37°C for 
24 h. Turbidity of organisms in the broth was ad-
justed to be equal to or greater than 0.5 McFarland 
turbidity standards (1.5 x 108 cfu/ml). Mueller-Hin-
ton agar plates and 0.5 McFarland standards were 
prepared according to the recommendation of Kir-
by-Bauer disc diffusion procedure (Bauer et al., 
1966) and National Committee for Clinical Lab-
oratory (NCCLS, 2003). The test organisms were 
homogeneously inoculated by a sterile cotton swab 
on the surface of two freshly prepared Mueller-Hin-
ton (Oxoid, UK) agar plates. Plates were incubated 
at 37°C for 24 h. 
Application of disks and incubation

Twenty-three different antibiotics disc 
(Oxoid, UK) (Table 1) were used for susceptibility 
test of CoNS. Antibiotic disks were applied to the 
agar surface by  sterile forceps and then gently 
pressed to assure complete contact of disks on 
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the agar surface. Plates were then inverted and 
incubated at 35°C for 16-18 h. The results of the 
susceptibility test (inhibition zone diameter) for 
each isolate were measured in (mm) and interpreted 
according to NCCLS standards (NCCLS, 2003) on 
a special data sheet.  
Results and Discussion

Airborne bacteria are the major type of mi-
croorganisms present in all hospital environments 
(Beggs, 2003). S. saprophyticus (Novobiocin re-
sistance) has been found to comprise 66.9% of all 
coagulase negative Staphylococcus while Staphy-
lococcus spp. comprises the other 33.1% (data not 
shown). This result indicates that the major part 
of CoNS in the hospital air is related to outdoor 
contamination and the remaining part is related to 
human. This result is consistent with Jaffal et al. 
(1997) and Shekhawat et al. (1992). Different com-
monly used antibiotics were evaluated against all S. 
aureus isolates (Table 1). 

Table 1. Antibiotic panel used for S. aureus, CoNS, 
and the percentage resistance of these bacteria to 
different antibiotics

Antibiotic Symbol
Concen-
tration 

(µg)

S. aureus 
(%)

CoNS 
(%)

Amikacin AK 3 3.5 9.0
Amoxicillin AX 25 9.4 9.8
Ampicillin AM 10 11.3 8.2
Augmentin AUG 30 - 6.8
Azithromycin AZM 15 70.0 -
Bacitracin B 10 - 21.9
Cefaclor CEC 30 7.5 13.1
Ceftriaxone CRO 30 - 16.8
Cefotaxime CTX 30 20.0 11.2
Cefoxitin FOX 30 33.1 -
Cefuroxime CXM 30 15.0 16.9
Chloramphenicol C 30 11.3 7.9
Ciprofloxacin CIP 5 6.6 6.4
Clarithromicin CLR 15 50.9 26.9
Cloxacillin CX 30 - 18.3
Erythromycin E 15 58.2 19.3
Gentamicin CN 10 9.4 8.1
Imipenem IPM 10 4.7 12.5
Linezolid LZD 30 - 21.8
Novobiocin NV 30 - 66.9
Ofloxacin OFX 10 - 8.4
Oxacillin OX 1 40 -
Penicillin P 10 13.2 17.9
Rifampin RA 10 5.2 25.6
Streptomycin S 300 - 15.1
Tetracycline TE 30 9.4 12.7
Total 18.0 23.0

S. aureus isolates were resistant to cefoxitin 
33.1%, oxacillin 40%, azithromycin 70%, clar-
ithromycin 50.9%, and erythromycin 58.2%.

S. aureus isolates however, showed a 
remarkable susceptibility (≥ 80%) to amikacin, 
amoxicillin, ampicillin, cefaclor, cefuroxime, 
chloramphenicol, ciprofloxacin, gentamycin, 
imipenem, penicillin, rifampin and tetracycline 
(Fig. 1A). 

S. aureus showed remarkable susceptibility 
(> 70 %) to all of the tested antibiotics except to 
novobiocin and rifampin,  30-35% and 65-70%, re-
spectively (Fig. 1A). However, CoNS showed a re-
markable resistance (66.9%) to novobiocin (Table 
1) but high susceptibility (> 90%) to ciprofloxacin 
(Fig. 1B). 

The results  about the profiles of the differ-
ent antibiotics that are commonly used in Jordan 
against all S. aureus isolates are consistent with the 
results reported by Shehabi and Baadran (1996) 
with the exception mainly to novobiocin 66.9%, 
clarithromicin 26.9%, rifampin 25.6%, bacitracin 
21.9% and linezolid 21.8%. The remarkable sus-
ceptibility (≥70%) of S. aureus isolates to all of the 
tested antibiotics except  novobiocin and rifampin 
may indicate that these are acceptable alternative 
antibiotics used for S. aureus infection treatments. 
CoNS in this study showed a remarkable resistance 
to novobiocin but high susceptibility to ciprofloxa-
cin similarly to a previous study by Saadoun et al. 
(2014), who showed that CoNS were remarkably 
resistant to novobiocin (~67%), but highly suscep-
tible (~93.5%) to ciprofloxacin. 

Maintaining high sanitary standards is impor-
tant in achieving lower bacterial counts in different 
wards of the hospitals and designing  monitoring 
strategies should continue to monitor the presence 
and distribution of CoNS in  hospital environments. 
The extensive use of some antibiotics in hospitals 
for longer periods may lead to higher resistance 
percentage of CoNS. Nevertheless, other antibiot-
ics are still acceptable alternatives for CoNS bacte-
rial infection treatments in hospitals and may play 
an important role to prevent nosocomial infections.
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Fig. 1. Antimicrobial susceptibility pattern of (A) Staphylococcus aureus and (B) CoNS. (S) Susceptible 
pattern of the antibiotic, (I) Intermediate pattern of the antibiotic, (R) Resistance pattern of the antibiotic. 
Amikacin (AK), Amoxicillin (AX), Ampicillin (AM), Augmentin (AUG), Azithromycin (AZM), Cefaclor 
(CEC), Cefotaxime (CTX), Cefoxitin (FOX), Cefuroxime (CXM), Ceftriaxone (CRO), Chloramphenicol 
(C), Ciprofloxacin (CIP), Clarithromycin (CLR), Cloxacillin (CX), Linezolid (LZD), Ofloxacin (OFX), 
Oxacillin (OX), Erythromycin (E), Gentamycin (GN), Imipenem (IPM), Novobiocin (NV), Penicillin (P), 
Rifampin (RA), Streptomycin (S) and Tetracycline (TE). 
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Dear Editor,
Mass congregation events are linked with key 

public health challenges (Memish et al., 2019). Re-
ligious, social and other forms of the dense public 
mass gathering (DPMG) have remained one of the 
main sources of transmission of novel pathogens 
(Ebrahim and Memish, 2020). These mass gather-
ings may be preplanned like the Hajj, Eid-Ul Adha, 
Carnival, Namugongo Martyr‘s Day, Shanghai 
New Year celebrations or Olympics. Currently, the 
outbreak of zoonotic novel coronavirus (nCoV-19) 
from China in late December 2019 has imposed a 
health emergency all over the world. The develop-
ing countries are more at risk of infection due to 
lack of equipped healthcare infrastructure and poor 
international implementation plans due to lack of 
resources. 

Currently, Pakistan is facing the worst coro-
navirus pandemic with 251 386 confirmed cases 
and 5 475 deaths (ttp://covid.gov.pk). The graph of 
the daily confirmed cases is going down due to the 
well-planned policies of the Government of Paki-
stan and keen involvement of international health 
regulators, especially the World Health Organiza-
tion. As the most prominent Islamic occasion of Eid 
Ul Adha 2020 is forthcoming (https://www.timean-
ddate), many acres of land are allocated on the edge 
of the cities for cattle markets, where thousands of 
people visit each day along with their friends and 
families to buy sacrificial animals. There are enor-
mous threats of Covid-19 spike due to mass gath-
ering of people in the cattle markets due to close 
person to person contact and person to animal con-
tacts, ignoring social distancing policy.
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Abstract

The main purpose of this letter is to raise concerns about the imminent spike in Covid-19 infection 
cases in Pakistan during the upcoming event of Eid Ul Adha, 2020, due to mass gathering of people in the 
cattle markets, especially from asymptomatic coronavirus carriers. As Pakistan is already facing insur-
mountable difficulties in managing Covid-19 due to its limited healthcare infrastructure,  a more severe 
coronavirus-19 outbreak is expected in the post-Eid Ul Adha days,  especially in big cities like Lahore, 
Karachi and Islamabad, posing a new challenge for the authorities. 

Keywords: Eid Ul Adha, Covid-19, mass gathering, social distancing 
Резюме

Основната цел на това писмо е да изрази загриженост относно предстоящия скок на случаите 
на инфекция с Covid-19 в Пакистан по време на предстоящото събитие Eid Ul Adha, 2020 г., поради 
масово събиране на хора на пазарите за добитък, особено от асимптоматични носители на коронави-
рус. Тъй като Пакистан вече се сблъсква с непреодолими трудности при управлението на Covid-19 
поради ограничената здравна инфраструктура, може да се очаква по-тежко огнище на коронави-
рус-19 в дните след Ейд Ул Адха, особено в големите градове като Лахор, Карачи и Исламабад, 
представяйки ново предизвикателство за властите. 
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Recommendations
Establishment of the cattle markets outside 

the cities with strict implementation of the meas-
ures issued by the Government of Pakistan.

Despite the fact that zoonotic transmission of 
SARS-CoV-2 in animals is not strong, people with 
Covid-19 home isolation should avoid interaction 
with household animals.

Use of surgical masks, social distancing and 
thermal screening should be ensured at cattle mar-
kets.

Crowding during entry and exit of cattle mar-
ket should be avoided.

Routine hand shake and hugging after wor-
ship must be avoided.
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