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Abstract
Intensive fish farming provides an increasing part of the human diet and is a major economic resource
in many countries. Keeping a large number of animals together increases the risk of disease outbreaks,
including viral infections. This paper aims to provide a general overview of up-to-date information on the
most common viral pathogens causing serious economic losses in fish farming, with a focus on the main aquaculture farming species grown in our country: common carp (Cyprinus carpio Linnaeus, 1758), European
catfish (Silurus glanis Linnaeus, 1758), pikeperch (Sander lucioperca Linnaeus, 1758), rainbow trout (Oncorhynchus mykiss Walbaum, 1792), Russian sturgeon (Acipenser gueldenstaedtii Brandt and Ratzeburg,
1833), etc. Despite the lack of sustainable antiviral drugs suitable for aquatic environment, fish farming is
a fast-growing economic sector that needs well-thought-out combinations of immunostimulants, antiviral
drugs and/or vaccination. Good management practices could reduce the number of viral outbreaks or even
provide solid protection against viral diseases and could enhance the sustainable growth of fish farming by
contributing to the welfare of wild fish populations.
Keywords: fish viral pathogens, fish viral diseases, high mortality, DNA viruses, RNA viruses
Резюме
Интензивното развъждане на риба осигурява все по-голяма част от храната на човечеството
и е основен икономически ресурс в много страни. Отглеждането на голям брой животни заедно,
увеличава риска от огнища на заболявания, включително вирусни инфекции. Тази статия има за цел
да представи обобщен преглед на актуалната информация за най-честите вирусни патогени, причиняващи сериозни икономически загуби в рибовъдството, с акцент върху основните аквакултури,
отглеждани в страната ни: обикновен шаран (Cyprinus carpio Linnaeus, 1758), европейски сом (Silurus
glanis Linnaeus, 1758), бяла риба (Sander lucioperca Linnaeus, 1758), дъгова пъстърва (Oncorhynchus
mykiss Walbaum, 1792), руска есетра (Acipenser gueldenstaedtii Brandt and Ratzeburg, 1833) и др.
Въпреки липсата на устойчиви антивирусни лекарства, подходящи за водна среда, рибовъдството
е бързо развиващ се икономически сектор, който показва необходимостта от добре обмислени
комбинации от имуностимуланти, антивирусни препарати и/или ваксинация. Добрите практики
на управление могат да намалят броя на вирусните огнища или дори да осигурят солидна защита
срещу вирусни заболявания и биха могли да увеличат устойчивото развитие на рибовъдния сектор и
да сътрудничат за опазване здравето на популациите на дива риба.
Introduction
Fish species are cultured in high stocking
density where they become more susceptible to diseases. Fish viral diseases cause mass morbidity and
high mortality rate in farmed fish and are very difficult to treat directly in the open environment. Prevention is one of the best control measures against

viral infections. Diagnostic methods for detection
need to be easy and in time because viruses can be
easily transmitted from one culture pond to another through equipment, infected fish/water, birds,
or improper management. Viruses are unique and
extremely small. Once they have entered the cell,
they produce thousands of progenies. The number
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brids (Hedrick et al., 2000; Haenen et al., 2004).
CyHV-3 is distributed all over the world except
Australia (Hampton and Hyndman, 2019). Infected
fish could be recognized by gill lesions, food refusal and lethargy, uncoordinated swimming, respiratory distress, sunken eyes, enormous increase
in mucus production causing sandpaper skin and
bleeding gills, skin and fins, and gill and skin necrosis and fish death at the least (www.OIE). The
virus affects carps from fingerlings to adult fish
(Haenen et al., 2004). The infection is horizontal,
from fish to fish or via infected water/equipment.
There is no effective treatment of the disease; some
disinfectants show effectiveness against CyHV-3,
but their success should be revised because different conditions such as water temperature may affect
the result (Bowker et al., 2011).
Acipenserid herpesvirus 2 (AciHV-2) has
been isolated from different sturgeon species, including Bester hybrids (beluga Huso huso Linnaeus, 1758 x sterlet Acipenser ruthenus Linnaeus,
1758). The virus caused 100% mortality of Bester
fingerlings, and clinical signs included focal epidermal hyperplasia, skin necrosis, multiple skin
haemorrhages and integumentary tropism while infecting different organs and tissues (Shchelkunov
et al., 2009).
SalHV-1 and SalHV-2 are the principal herpesviruses which cause mass mortality in young
salmonid fish. SalHV-1 causes mass mortality of
juvenile rainbow trout (Oncorhynchus mykiss Walbaum, 1792) but not in other salmonid species. The
disease occurs at 6-9°C (Davison, 1998). SalHV-2
was also named Oncorhynchus masou virus (OMV)
to the first described host (Oncorhynchus masou
Brevoort, 1856) (Kimura et al., 1981). SalHV-2 has
a wider host range and occurs at a higher temperature optimum than SalHV-1 (Davison, 1998).
Poxviridae family
The Poxviridae family includes numerous
viruses that are capable of infecting both invertebrates and vertebrates. Poxviruses are transmitted
horizontally from fish to fish, or directly/indirectly via contaminated environment (Fenner et al.,
2014). One of the most common fish poxviruses is
Carp edema virus (CEV), which causes 80-100%
mortality of koi carp (C. rubrofuscus) and common
carp (C. carpio) at water temperatures of 15-25°C
(Miyazaki et al., 2005). Water temperature has a
critical role in the disease outbreaks by modulating the fish immune system (Magnadottir, 2010). It
has been suggested that in polycultural carp farms,
silver carp (Hypophthalmichthys molitrix Valenci-

and distribution of fish viral pathogens has grown
rapidly (www.ICTV). The World Organization for
Animal Health (OIE) has a list of 13 reportable
fish diseases and 11 of them are caused by viruses
(www.OIE). There are both DNA and RNA viruses,
which cause high morbidity and mass mortality of
commercially important farmed fish, with significant economic losses (www.FAO).
DNA viruses
Adenoviridae family
Adenoviruses infect a wide range of vertebrate animals including humans, however, there is
only one confirmed fish adenovirus (Benko et al.,
2002; Davison et al., 2003). Fish adenovirus infection was first described in 1985 in California, where
it caused a mortality of up to 50% over a 4-month
period in cultured juvenile white sturgeon (Acipenser transmontanus Richardson, 1836) (Hedrick
et al., 1985). The disease is named sturgeon wasting disease (SWD) because of the chronic nature of
the infection and by the name of the first infected
host (Noga, 2010). The adenovirus identified by
electron microscopy was named white sturgeon adenovirus 1 (WSAdV-1) (Harrach et al., 2011). External clinical signs include lethargic, anorexic and
emaciated infected fish, with no food in the gastrointestinal tract; internal signs showed hypertrophy
of the mucosal layer of the gastrointestinal tract and
paler liver tissue (Kim and Leong, 1999). Specific agents for control of adenovirus infections had
a limited space. It is known that adenoviruses are
relatively heat stable and resistant to pH 3-9; they
are not sensitive to lipid solvents or alcohol below
50% and are inactivated by 1:1000 concentration of
formaldehyde (Nagy, 2016).
Alloherpesviridae family
The International Committee on Taxonomy
of Viruses (ICTV) changed the taxonomy of
herpesviruses in 2008, and herpesviruses isolated
from fish and amphibians previously classified into
the family Herpesviridae based on their morphology
were moved to the new family Alloherpesviridae
divided into four genera. One of these genera
contains the herpesviruses of amphibians and the
other three contain herpesviruses of three different
fish species (www.ICTV).
Cyprinid herpesvirus 3 (CyHV-3), also called
carp interstitial nephritis and gill necrosis virus
(CNGV), and Koi herpesvirus (KHV) often causes
100% morbidity and over 90% mortality in koi fish
(Cyprinus rubrofuscus Lacepède, 1803), common
carp (Cyprinus carpio Linnaeus, 1758) and its hy112

riers (Jensen et al., 2011). It is known that PPIV is
capable of crossing host species barriers and can
cause mass mortality in juvenile pike (Esox lucius
Linnaeus, 1758) (Jensen et al., 2009) and tadpoles
of European common frog (Rana temporaria Linnaeus, 1758) (Bayley et al., 2013).
Epizootic haemopoietic necrosis virus
(EHNV) causes epizootic haematopoietic necrosis (EHN) in rainbow trout (O. mykiss), European
catfish (Silurus glanis Linnaeus, 1758) and redfin
perch (Perca fluviatilis Linnaeus, 1758) (Ahne et
al., 1989). The disease could be caused by three
similar viruses: Epizootic haematopoietic necrosis
virus (EHNV), European sheatfish virus (ESV), and
European catfish virus (ECV) (Mavian et al., 2012).
It could be characterised by mortalities due to necrosis in the liver, spleen, haematopoietic tissue of
the kidney and other tissues (Ahne et al., 1989; Hedrick et al., 1992). The EHNV is restricted exclusively to Australia (www.OIE) but ESV and ECV
have been detected among fish in Europe (Ahne et
al., 1989). Infections with ESV and ECV can cause
high morbidity and mortality in European catfish
(S. glanis) (Ahne et al., 1989), while EHNV can be
the cause of mass mortality in redfin perch (P. fluviatilis) (Whittington and Reddacliff, 1995). All fish
ages could be affected by EHNV, but mortality is
limited to fingerling and juvenile fish (Whittington
et al., 2010). The mortality in wild redfin perch (P.
fluviatilis) populations is up to 95%, but in populations of farmed rainbow trout (O. mykiss) it is less
than 5% (Whittington et al., 2010).
European sheatfish ranavirus (ESV) was the
first Ranavirus isolated in Europe, in Germany in
1989 (Ahne et al., 1989). ESV causes mortalities of
up to 100% in infected European catfish (S. glanis)
(Ahne et al., 1989) and also causes high mortality
in pike (E. lucius) (Jensen et al., 2009), but other
species, such as black bullhead catfish (Ameiurus
melas Rafinesque, 1820) (Gobbo et al., 2010) and
rainbow trout (O. mykiss) (Ariel et al., 2010) are
apparently not affected although viral particles
have been detected.
European catfish virus (ECV) was first isolated from European catfish (S. glanis) in Germany
in 1989 (Ahne et al., 1989). This virus causes high
mortality in European catfish (S. glanis) and black
bullhead catfish (A. melas), and other economically
important fish species, such as pike (E. lucius) and
pikeperch (S. lucioperca), could also be susceptible
(Jensen et al., 2009; Jensen et al., 2011). ECV causes a disease with non-specific clinical signs, but pathology is characterized by widespread systemic

ennes, 1844) and grass carp (Ctenopharyngodon
idella Valenciennes in Cuvier and Valenciennes,
1844) could be reservoirs of CEV (Lewisch et al.,
2015). CEV was first recorded in Japan in 1974
(Murakami et al., 1976), but since then has spread
worldwide (www.OIE), and causes carp edema virus disease (CEVD), also called Koi sleepy disease.
Clinical signs of CEVD manifest with typically
sleepy behaviour: infected fish gather lethargically
or lie on the bottom of the pond; exophthalmos, gill
hyperplasia and necrosis, anal ulcerative inflammation.
Iridoviridae family
The host range of the family Iridoviridae is
restricted to insects and ectothermic vertebrates
(Hick et al., 2016). Members of the subfamily Alphairidovirinae infect bony fish, amphibians and
reptiles, and members of the subfamily Betairidovirinae mainly infect insects and crustaceans (Chinchar et al., 2017). The subfamily Alphairidovirinae
includes numerous virus species belonging to the
genera Ranavirus, Megalocytivirus and Lymphocystivirus (www.ICTV). These viral species cause
important diseases with mass mortality, which impacts on the production, conservation and welfare of
fish. Ranaviruses are pathogens capable of infecting
bony fish, amphibians and reptiles; infections are
systemic, involve internal organs, and could lead to
high levels of morbidity and mortality (Chinchar et
al., 2017). Megalocytiviruses infect over 50 marine
and freshwater fish species; systemic infections
involve multiple internal organs (Chinchar et al.,
2017). Lymphocystiviruses infect over 100 marine
and freshwater fish species; diseased fish have formations of wart-like growths composed of infected
cells primarily on the skin, but sometimes on the
internal organs. Morbidity could be high but mortality often is low (Chinchar et al., 2017).
Pikeperch iridovirus (PPIV) belongs to ranaviruses and has been isolated from European and
Chinese amphibians (Darling et al., 2004). From
fish it was first isolated in Finland in 1995, from
apparently healthy pikeperch fingerlings (Sander
lucioperca Linnaeus, 1758) during routine disease
prophylactics (Tapiovaara et al., 1998). Wild amphibians were observed in the same ponds with asymptomatic pikeperch (S. lucioperca) and induced
the possibility of interclass transmission (Tapiovaara et al., 1998; Duffus et al., 2015). Experimental infection with PPIV did not generate disease in
pikeperch (S. lucioperca) and rainbow trout (O. mykiss) but the virus was found in both hosts, which
suggests that these species might act as virus car113

necrosis which is most noticeable in the haematopoietic tissues (Whittington et al., 2010). Infections
in European catfish (S. glanis) could cause 100%
mortality in fingerlings and 10-30% mortality in
older fish (Ahne et al., 1989).
Acipenser iridovirus-European (AcIV-E) is
an important and prevalent sturgeon pathogen in
Europe, associated with variable levels of morbidity and mortality of various farmed sturgeon
species: beluga (H. huso), sterlet (A. ruthenus),
Russian sturgeon (Acipenser gueldenstaedtii von
Brandt and Ratzeburg, 1833), Siberian sturgeon
(Acipenser baerii Brandt, 1869), Adriatic sturgeon
(Acipenser naccarii Bonaparte, 1836) (Ciulli et al.,
2016; Bigarré et al., 2017; Mugetti et al., 2020).
AcIV-E is related to other sturgeon viruses found
in North America, such as white sturgeon iridovirus (WSIV) and Namao virus (NV) (Bigarré et
al., 2017). Mortality after AcIV-E infection varies
greatly from 50% to over 90%, depending on the
host species, the age of the fish and the presence of
other pathogens (Ciulli et al., 2016).
Circoviridae family
Viruses of the family Circoviridae have been
found in birds and pigs, and also detected in fish
species (Lőrincz et al., 2011). The circovirus causing 100% mortality of barbel juveniles (Barbus
barbus Linnaeus, 1758) is called barbel circovirus
(BaCV) (Lőrincz et al., 2011). Circovirus causing
high mortality of European catfish (S. glanis) of all
ages is called catfish circovirus (CfCV) (Lőrincz et
al., 2012), and circovirus suspected to cause mortality of European eel (Anguilla anguilla Linnaeus,
1758) is called Eel circovirus (EeCV) (Doszpoly et
al., 2014). Clinical signs of the disease are skin lesions, vascular dilations in the skin, inflammation
of the gastrointestinal tract, and nuclear fragmentation in the haematopoietic cells. Viral DNA has
been detected mostly in the liver, spleen, gills, kidneys and the gonads (Lőrincz et al., 2012).

petechial haemorrhages, accumulation of ascites,
darkening and exophthalmia, necrosis of multiple
organs (www.OIE). Mortality often is highest in juvenile fish and in some cases could be 100%. Fish
that survive infection often show protective immunity. Transmission of fish rhabdoviruses could be
horizontal between fish, and vertical from infected adult to its brood and eggs (Kurath and Winton,
2008). Economically, the most important pathogenic rhabdoviruses are spring viraemia of carp virus
(SVCV), infectious haematopoietic necrosis virus
(IHNV) and viral haemorrhagic septicaemia virus
(VHSV), which cause damages to wild and farmed
fish populations.
Spring viraemia of carp virus (SVCV) causes
disease called spring viraemia of carp (SVC). SVC
is reportable to the World Organisation for Animal
Health (OIE), but the virus is serologically related
to other non-reportable viruses (www.OIE). Hosts
include a wide range of cyprinid and non-cyprinid
fish species: common carp (C. carpio), koi carp (C.
rubrofuscus), grass carp (C. idella), silver carp (H.
molitrix), crucian carp (Carassius carassius Linnaeus, 1758), bighead carp (Aristichthys nobilis Richardson, 1845), Prussian carp (Carassius auratus gibelio Bloch, 1782), orfe (Leuciscus idus Linnaeus,
1758), tench (Tinca tinca Linnaeus, 1758), roach
(Rutilus rutilus Linnaeus, 1758), bream (Abramis
brama Linnaeus, 1758), emerald shiner (Notropis
atherinoides Rafinesque, 1818), European catfish
(S. glanis), black bullhead catfish (A. melas), pike
(E. lucius), rainbow trout (O. mykiss), Siberian sturgeon (A. baerii); largemouth bass (Micropterus salmoides Lacépède, 1802), bluegill sunfish (Lepomis
macrochirus Rafinesque, 1810), Nile tilapia (Oreochromis niloticus Linnaeus, 1758), etc. (Jeremic et
al., 2006; Dixon, 2008; Soliman et al., 2008; Basic
et al., 2009; Cipriano et al., 2011; Vicenova et al.,
2011; Phelps et al., 2012). The disease has a wide
temperature range, but mortality usually occurs between 5-18°C (Ahne et al., 2002). The disease outbreaks are usually above 10°C in spring, following
a cold winter. Mortality of common carp (C. carpio)
may reach 90% at 10-12°C while at 20-22°C there
are no mortalities (Ahne, 1980). The clinical signs
of SVC are non-specific. Infected fish usually swim
slowly and erratically, lose balance and swim on
their sides. Two of the most obvious and consistent
characteristics are abdominal distension and haemorrhages which occur on the skin, fin bases, eyes
and gills, also often observed are skin darkens and
exophthalmia. The vents are swollen, inflamed with
mucoid casts. The abdomen usually is filled with a

RNA viruses
Rhabdoviridae family
Some of the most common and significant
fish viral RNA pathogens are members of the family Rhabdoviridae (www.ICTV). They cause losses
in wild and farmed freshwater and seawater fish.
Rhabdoviruses are widespread in a broad geographic range and could lead either to acute diseases and high mortality or to chronic and asymptomatic infections. Typical clinical signs of the fish
diseases caused by rhabdoviruses are acute haemorrhagic septicaemias affecting multiple organs,
114

clear fluid, sometimes bloodstained. The spleen is
enlarged, most internal organs are oedematous, and
adhere to each other and to the peritoneum; petechial haemorrhages may be present in the musculature
and the swim bladder (Dixon, 2008).
Infectious haematopoietic necrosis virus
(IHNV) was first identified in western North America, but now the pathogen has spread to Europe and
Asia (www.OIE). Infectious haematopoietic necrosis virus (IHNV) causes infectious haematopoietic necrosis (IHN), a disease notifiable to the OIE
and various countries and trading areas, including
the European Union (www.OIE). IHNV is an economically important pathogen causing clinical disease and 65-100% mortalities in rainbow trout (O.
mykiss) (Kasai et al., 1993). Clinical signs include
skin darkening, pale gills, exophthalmos, petechial haemorrhages, empty gut and ascitic fluid. Also,
IHNV has been isolated in a wide variety of species,
including Atlantic salmon (Salmo salar Linnaeus,
1758), brown trout (Salmo trutta Linnaeus, 1758),
European eel (A. anguilla), Black Sea salmon (Salmo trutta labrax Pallas, 1814), pike (E. lucius),
grayling (Thymallus thymallus Linnaeus, 1758),
European seabass (Dicentrarchus labrax Linnaeus,
1758), etc. in which significant mortality has not
been observed (www.OIE).
Viral haemorrhagic septicaemia virus
(VHSV) causes a disease called viral haemorrhagic septicaemia (VHS). The VHSV has 4 genotypes,
with genotypes I, II, III distributed in Europe, and
genotype IV found in North America, the Atlantic
Ocean and the Pacific Ocean (www.OIE). Genotype I occur in freshwater rainbow trout (O. mykiss)
with mortality up to 100%, and also in various wild
marine fish species. VHSV has a wide host range,
and about 80 fish species are affected by all four
genotypes (www.OIE). Transmission is horizontal
- the virus is excreted with the urine and reproductive fluids (Eaton et al., 1991) or with uptake by
gill epithelium (Brudeseth et al., 2008). Outside the
host, the virus stays infective for a year in filtered
fresh water at 4°C (Hawley and Garver, 2008) and
at lower temperatures survival is even longer (Parry
and Dixon, 1997). An average survival in saltwater at 15°C is 4 days (Hawley and Garver, 2008).
The disease occurs at water temperatures 4-15°C
(McAllister, 1990), for example, at 10°C mortality of bluegill sunfish (L. macrochirus) is 90%, but
above 18°C mortality is 0% (Goodwin and Merry,
2011). The most common and typical clinical signs
in fish infected with VHSV are haemorrhages, exophthalmos and enlarged abdomens with ascites,

but mortality could occur without significant clinical signs. However, petechial haemorrhage in the
dorsal musculature is a common sign in infected
rainbow trout (O. mykiss) (www.OIE). Diseased
fish could also have anaemia, a darkened colour,
lethargy and abnormal swimming behaviour (www.
OIE). Several disinfecting methods could inactivate
VHSV in cold freshwater, including UV irradiation,
high and low pH, and the use of disinfectants containing iodine complexed with a solubilizing agent
(Bovo et al., 2005).
Orthomyxoviridae family
The family Orthomyxoviridae includes influenza viruses which are capable of infecting all kinds
of species (McCauley et al., 2012), but infectious
for fish are infectious salmon anaemia virus (ISAV)
and tilapia lake virus (TiLV). TiLV caused mass
mortality of tilapia (O. niloticus) in Israel (Eyngor
et al., 2014) and Ecuador (Ferguson et al., 2014).
ISAV is an economically important pathogen in
aquaculture. Daily mortality varies between 0.050.1%, but accumulated mortality could reach more
than 80% over several months (Jones et al., 1999).
Outside its host ISAV remains infectious for a long
time: 5 days in seawater at 20°C and up to 70 days in
fresh water at 10°C; also,it has been suggested that
in natural conditions it could survive even longer
(Tapia et al., 2013). The disease caused by ISAV
is called infectious salmon anaemia (ISA) and was
first observed in farmed Atlantic salmon (S. salar)
in 1984 in Norway (Thorud and Djupvik, 1988).
The OIE confessed the existence of the disease in
1990 and since then it has been an OIE-notifiable
disease (www.OIE). ISAV is confirmed in Norway,
Scotland, Canada, Faroe Islands, Maine and Chile,
where it is thought to be endemic and restricted
only to farmed fish (www.OIE). The disease has
been found only in salmonid species, e. g. Atlantic
salmon (S. salar) (EFSA, 2012) and coho salmon
(Oncorhynchus kisutch Walbaum, 1792) (Kibenge
et al., 2001). The disease could be either acute form
or slowly developing chronic disease (Rimstad et
al., 2011), depending on the distribution between
ponds within the farm, which extends the time from
infection to development of the disease (Vagsholm
et al., 1994; Jarp and Karlsen, 1997). Clinical signs
could vary from lack of pathological changes to
severe lesions, depending on the viral dose, water
temperature, fish age, and immune status. The most
typical signs are anaemia and circulatory disturbances. External signs are pale gills, local eyes and
skin haemorrhages, exophthalmia, scale oedema,
and the internal signs are ascites and haemorrhagic
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liver necrosis, renal interstitial haemorrhage and tubular nephrosis (Aamelfot et al., 2014).
Nodaviridae family
The family Nodaviridae includes RNA viruses of the genus Betanodavirus which cause a severe
neuropathological fish disease called viral encephalopathy and retinopathy (VER), also known as viral
nervous necrosis (VNN). Betanodaviruses are distributed worldwide and represent a major limiting
factor for seawater aquaculture, infecting practically all farmed marine fish species (Shetty et al.,
2012). The disease has been included in the most
significant fish viral pathogens because of the host
range and the lack of effective prophylactic therapies (www.OIE). The geographic distribution of
different betanodaviruses depends on their temperature optimum but the viral activity is independent
of water salinity (Furusawa et al., 2007). The most
common is viral nervous necrosis virus (VNNV),
which causes clinical disease worldwide (Sakamoto et al., 2008; Panzarin et al., 2012; Shetty et al.,
2012); the second is striped jack nervous necrosis
virus (SJNNV) (Maeno et al., 2004; Sakamoto et
al., 2008), followed by redspotted grouper nervous
necrosis virus (RGNNV) (Panzarin et al., 2012).
The disease has been confirmed in 160 fish species
belonging to 79 families and 24 orders (www.OIE).
The most commonly and severely affected species
are: sea bass (D. labrax), barramundi (Lates calcarifer Bloch, 1790), grouper (Ephinephelus spp.),
flatfish (Solea spp.), turbot (Scophthalmus maximus
Linnaeus, 1758), olive flounder (Paralichthys olivaceus Temminck and Schlegel, 1846), striped jack
(Pseudocaranx dentex Bloch and Schneider, 1801),
jacks (Trachinotus spp.), drum (Umbrina cirrose
Linnaeus, 1758), meagre (Argyrososmus regius
Asso, 1801), red drum (Sciaenops ocellatus Linnaeus, 1766), white weakfish (Atractoscion nobilis
Ayres, 1860) (www.OIE). An increasing number of
outbreaks of VNN have recently been reported in
freshwater fish (Pascoli et al., 2016). Transmission
of the disease is horizontal through direct contact
with infected fish, contaminated water or equipment. Clinical signs of the disease include varieties in skin colour, anorexia, lethargy, nervous hyper excitability behaviour caused by lesions in the
brain and retina which cause blindness, and typical
abnormal swimming behaviour which is characterized by swirling and circular movements that alternate with periods of lethargy (Shetty et al., 2012;
Vendramin et al., 2013). Mortality varies depending on water temperature and fish age but for all
ages it is generally over 50% (Maeno et al., 2004).

Generally, younger fish are more susceptible, and
in larvae and juveniles the beginning of the disease
could be hyperacute with 80-100% mortality (Maeno et al., 2004).
Birnaviridae family
The family Birnaviridae includes four genera: Aquabirnavirus, Avibirnavirus, Blosnavirus
and Entomobirnavirus, which infect vertebrates
and invertebrates. Aquabirnaviruses are three species infecting fish, molluscs and crustaceans, and
one of them is infectious pancreatic necrosis virus
(IPNV), which is the model species and causes infectious pancreatic necrosis (IPN) (www.ICTV).
IPNV and IPNV-like birnaviruses have been isolated from salmonid species (S. salar, O. mykiss,
etc.) and non-salmonid species (C. carpio, Perca flavescens Mitchill, 1814, A. brama, E. lucius,
etc.), molluscs, crustaceans and pseudocoelomates
(McAllister, 2007). IPN was first detected in Canada
in 1940s, later in the USA in 1950s, and in Europe
in 1970s, but now is found worldwide among wild
and cultured salmonid species (www.OIE). IPN
was one of the top three causes of economic losses
in the salmonid aquaculture during the 2000-2010,
and even today remains an important risk for salmonid farming (www.FAO). There are significant
losses caused by mortality and weakness of survivors. The cumulative mortality could increase more
than double compared to baseline mortality (Jensen
and Kristoffersen, 2015). Susceptibility to IPNV
and mortality rate depend on the virus strain, fish
species and stage/age, fish physiological condition
and genetic fund, environment and management
factors (Munro and Midtlyng, 2011). In cultured
salmonid species, the infection varies from subclinical with low or no mortality to acute outbreak with
high mortality over 75% (Shivappa et al., 2005).
External clinical signs include darkened skin, exophthalmia, abdominal distention, presence of a
mucoid pseudofaecal cast extruding from the vent,
skin haemorrhages and haemorrhages at the bases of fins. Infected fish swim in a rotating manner
along their longitudinal axis and die within a few
hours. Internal signs could include pale liver and
spleen, empty or filled with mucus digestive tract,
and haemorrhages in the visceral organs (Munro
and Midtlyng, 2011). The survivors of outbreaks
often carry IPNV for lifetime without any clinical
signs and serve as reservoirs of the virus, which is
transmitted horizontally through faeces and urine,
and vertically through contaminated reproductive
products (Roberts and Pearson, 2005).
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Discussion
The distribution of viral diseases is one of
the major risks to aquaculture practices. The negative aspects are associated with the viral vectors
transmission to cultured fish from open-water fish.
This is a matter of global economic importance,
especially with the increase of 122% in total food
fish consumption from 1990 to 2018, and the increased movement and trade of live aquatic animals
and their products across national borders (www.
FAO). The Food and Agriculture Organization
(FAO) of the United Nations calculated the value
of the world exports of fish and fishery products in
2018 to be over 164 billion USD compared to 51.5
billion USD in 1998 (www. FAO), which illustrates
the economic impact on international trade. Virus
distribution could occur through transport of infected or contaminated live aquatic animals and products/water to new destinations, especially through
animals with low external clinical signs of disease
or subclinical infections and asymptomatic reservoir hosts (Gaughan, 2002; Vike et al., 2009; Rodgers et al., 2011).
The most effective ways of preventing fish
viral diseases are biosecurity strategies, probably
because for a number of viral diseases there are no
vaccines or therapeutic substances, or if some vaccines are available, they need to be more cost-effective and appropriate to all fish life stages. Good
practices could vary from national and international
legislation and standards to the good management
practices and prophylactics at the single farm level. Good aquaculture management includes on-site
quarantine of new fish materials, routine disinfection of the equipment, reducing fish stress and diseases, prophylactics, etc.

Togaviridae family
The most common members of the family
Togaviridae are in the Alphavirus genus. The most
recent alphaviruses are mosquito-borne, causing
diseases in birds, mammals and humans (Strauss
and Strauss, 1994). Infections could have different
symptoms, such as rashes, gastrointestinal problems, arthritis, muscular inflammation, and even
encephalitis (Kuhn, 2007; Steele and Twenhafel,
2010). The only known alphavirus infectious for
fish (Powers et al., 2001) is Salmonid alphavirus
(SAV) (Weston et al., 2002), also called Salmon pancreas disease virus (SPDV) isolated from
seawater Atlantic salmon (S. salar) (Nelson et al.,
1995), and also called sleeping disease virus (SDV)
isolated from freshwater rainbow trout (O. mykiss)
(Castric et al., 1997). The disease caused by the virus has two different names: pancreas disease (PD)
and sleeping disease (SD), although they have the
same histopathology (Weston et al., 2002). The disease is spread worldwide, mostly in farms with Atlantic salmon (S. salar) and rainbow trout (O. mykiss) (www.OIE). The virus has also been isolated
from wild common dab (Limanda limanda Linnaeus, 1758), long rough dab (Hippoglossoides platessoides Fabricius, 1780), plaice (Platessa platessa
Linnaeus, 1758), brown trout (S. trutta) (Boucher
et al., 1995; Snow et al., 2010; Bruno et al., 2014;
McCleary et al., 2014; Simons et al., 2016). Virus transmission is horizontal, from fish to fish, or
by equipment (Viljugrein et al., 2009). In Europe,
the economic impact from SAV is significant: in
Norwegian salmon fish farming, losses from SAV
retreated only to losses caused by sea lice infestations (Jansen et al., 2010). During the outbreak,
the mean mortality rate could reach 7% and could
last 2-3 months (Jansen et al., 2010). Mortality, biomass losses, slow growth rate and decreased fillet
quality are the major consequences of the infection
(Aunsmo et al., 2010). Clinical signs of the disease
include a discoloured liver, petechiae on the pyloric
caeca and visceral fat, and ascites in the intraperitoneal cavity; intestine could be either empty or filled
with yellowish faeces (McLoughlin and Graham,
2007). Damage in the fillet, melanisation and miscoloured areas are other signs that are associated
with ongoing or previous SAV infection (Taksdal
et al., 2012). There are a number of approved vaccines against SAV but although they have been reported to have some positive effects, their efficacy
has not been sufficient to eliminate SAV (Bang et
al., 2012).

Conclusion
Despite the lack of sustainable antiviral drugs
suitable for the aquatic environment, fish farming
is a fast-growing economic sector that needs well
thought-out combinations of immunostimulants,
antiviral drugs and/or vaccination. Good practices and management could decrease the number of
viral outbreaks or even provide solid protection
against viral diseases, and could enhance the sustainable growth of fish farming by contributing to
the welfare of wild fish populations.
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Abstract
The success and timely control of the pandemic depend on the vaccination status of the population.
Even when vaccines are available, refusal to vaccinate would doom all health strategies to failure. Our aim
was to assess the willingness of Bulgarian university students to take vaccine against COVID-19. More
than two hundred and thirty students were enrolled in an anonymous survey. A small percentage (28.63%)
would agree to be vaccinated. The majority of them would choose either an RNA or a vector-based vaccine
(58.21% vs. 56.72%). Differences between the responses of male and female respondents were noted, as
well as between medical and non-medical students. Our results revealed an alarming trend of vaccine refusal. Therefore, immediate measures must be taken to reverse this tendency.
Keywords: SARS-CoV-2; COVID-19; vaccine; survey; students.
Резюме
Успехът и навременното управление на пандемията зависи от ваксинационния статус на
населението. Дори когато ваксините са налични, отказът от ваксинация ще обрече всички здравни
стратегии на провал. Целта ни бе да оценим готовността за ваксиниране на българските студенти
срещу COVID-19. Повече от двеста и тридесет студенти взеха участие в анонимно проучване. Нисък
процент (28.63%) биха се съгласили да се ваксинират. Повечето от тях биха избрали или РНК или
векторни ваксини (58.21% спрямо 56.72%). Бяха отбелязани различия между отговорите на студентите от мъжки и женски пол, както и между студенти от медицински и немедицински специалности.
Нашите резултати показват тревожна тенденция за отказ от ваксинация. Следователно трябва да се
вземат незабавни мерки за справяне с нея.
Introduction
While the pandemic continues and the waves
come and go, scientists from all around the world
are in a hurry to find a vaccine which will put a stop
to the deadly coronavirus and its mutations. The
ultimate goal of the medical authorities is to have
as many people vaccinated as possible in order to
reach high vaccination coverage, especially among
those who are most at risk and vulnerable. Manufactured and introduced, even the most effective
vaccines cannot achieve their goals if the population does not accept them (MacDonald, 2015).
A year ago, when the virus spread to many
countries and a pandemic was declared, everyone
hoped that an effective vaccine would be developed as quickly as possible, which would change
the course of the mass infection. Now that many
vaccines have been developed and put into use, hu-

manity doubts their efficacy, dooming everything
achieved (Dror et al., 2020).
Despite the increasing morbidity and mortality rate, there is a growing pressure to proceed from
online to hybrid or in-person education at universities. Recently, the Bulgarian government allowed
in-person education at universities, which coincided with the end of the academic year. Given the
relatively small number of vaccinated Bulgarians,
confirmed by the fact that only 3% of the participants in the present study reported that they had
been given the vaccine, there will be an increase in
cases among the university communities in the next
academic year.
The aim of the current study was to assess
the likelihood of university students to be vaccinated against COVID-19, their preferences for a vaccine type, and different factors that would influence
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their choice.

only a small number of respondents would accept
vaccination (28.63%). When compared, significant
differences were found between the responses of
healthcare and non-healthcare students (p=0.012).
These results met our expectations.
Our results differ significantly from studies conducted in Italy and the USA. Only 13.9%
(Barello et al., 2020) of the Italian students would
refuse a vaccine and 23% (Lucia et al., 2020) of
their fellow American students would follow their
example. It is assumed that the reason behind the
higher rate of students willing to get vaccinated in
Italy and the USA is that both of the countries have
been hit hard by the novel coronavirus pandemic.
A striking difference was observed between
the responses of Bachelor degree students and PhD
students, with more than 85% of those studying
in the lower academic degree reluctant to take the
vaccine, while 71.43% of the PhD students were
likely to be vaccinated. This difference is linked to
the greater awareness of the PhD students and their
open-mindedness.
As for the preferred type of vaccine, the
smallest percentage of the participants chose the
vaccine with a protein-based antigen (16.12%),
while the preferred types of vaccines were the RNA
and vector-based (58.21% and 56.72%, respectively) (p=0.021). This result probably stems from the
fact that RNA and vector-based vaccines are widely
discussed and used, while those with protein-based
antigens have remained less represented. The lack
of protein-based vaccine introduced for mass use
possibly contributed to the lower vote.

Materials and Methods
This cross-sectional study was conducted as
an anonymous survey between 15th and 21st May,
2021. An online questionnaire consisting of sociodemographic section (including questions about
gender, age, current educational level, scientific
area, and income) and a section with COVID-19
vaccine questions was administered using Google
Forms and was distributed among student groups
via a link in the social networks Facebook and
Twitter. The respondents were asked to read and fill
in an anonymity declaration within the explanation
of informed consent statement. Participation was
completely free and voluntary, and no personal data
were collected from any participant. After processing and analysis, all data were processed in accordance with the General Data Protection Regulation
(EU) 2016/679 (GDPR).
All investigated parameters were analyzed
with a one-way analysis of variance (ANOVA).
P-values of less than 0.05 were regarded as statistically significant.
Results and Discussion
More than two hundred (n=234) students
from different Bulgarian universities participated
in the current survey (Table 1). Female to male ratio was 1.36. Respondents in the age group 18 - 25
were represented in the largest number.
The questions and the data from the survey are
presented in Table 2. After the data analysis, it
became clear that a large proportion of the participants would not get vaccinated (71.37%) and

Table 1. Demographic information about respondents (n=234)
Categories
Gender
Age groups

Present educational level
Scientific area

Income

Female
Male
18 - 25
26 - 40
> 40
Bachelor
Master
PhD
Non-medical
Medical
Low income (< €325 per month)
Middle income (€325 – €751 per month)
High income (> €751 per month)
Unspecified
123

n
135
99
169
53
12
157
63
14
206
28
27
49
104
54

%
57.69
42.31
72.22
22.65
5.13
67.09
26.92
5.98
88.03
11.97
11.54
20.94
44.44
23.08

Table 2. Survey questions and data
Questions
1. Are you willing to get vaccinated against COVID-19?
Yes
No
2. If “Yes”, what type would you choose?1
RNA-based
Vector-based
Protein-based
3. When choosing a vaccine type, which factors are the most important for you?1
Vaccine type
The country manufacturing the vaccine
The recommendations of the medical authorities and my GP
The side effects
I will comply with the available vaccine at the time of vaccination
None of the listed options
4. If the country manufacturing the vaccine is important for you, which one would
you choose?1
USA
Countries part of the European Union
Great Britain
Russian Federation
People's Republic of China
Other country
5. If you are NOT willing to get vaccinated, what would be the reasons for your
choice?
Personal reasons
Medical reasons
Other
1
Multiple responses possible. Therefore, the total may exceed 100%.

When asked what the most important factor
when choosing a vaccine was, a significant gender distribution was observed as to the side effects
of the vaccines. Female participants were worried
about the adverse reactions in 66.67%.
When comparing the responses of healthcare and non-healthcare students, the former were
found to be less concerned about the side effects
than the latter (30.21% vs. 67.97%) (p=0.019). We
believe that this result is due to the better awareness
and knowledge of the healthcare students about
post-vaccine events. For them the most important
factor was the vaccine type (61.42%).
Not only in Bulgaria but also in other countries the concern about the side effects after vaccination might lead to hesitancy (Pogue et al., 2020),
a phenomenon which could affect reaching herd

n

%

67
167

28.63
71.37

39
38
11

58.21
56.72
16.42

39
35
37
42
33
17

58.21
52.24
55.22
62.69
49.25
25.37

20
25
12
7
2
3

116
44
7

69.46
26.35
4.19

immunity and have an impact on the course of the
pandemic. Thus, vaccine hesitancy is recognized
as one of the threats to global health by the World
Health Organization (Godlee, 2019).
Of all respondents who replied that the most
important factor was the country manufacturing the
vaccine, the highest percentage chose the European and US vaccines with the UK vaccine remaining further behind. The reason behind these results
could be the reports of severe side effects of one
particular vaccine. Similar results were reported in
an American survey (Pogue et al., 2020).
There was a question about the preferred vaccine brand, however, given the situation with a particular vaccine and the reports about it in society
and the media, and the ever-changing situation, we
have refrained from providing data and comments
124
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Abstract
The challenges in wastewater treatment and the increasing scourge of waterborne diseases have necessitated the search for effective bioflocculating antimicrobials in nanoparticles. In this study, bioflocculants produced by Streptomyces sp. HDW7 and Nocardia sp. OX5 were used for AgNPs (SBAgNPs and
NBAgNPs) biosynthesis. The AgNPs were characterized using UV-vis spectrophotometry, FTIR and SEM,
and their flocculating and antibacterial activities evaluated. The bioflocculants bio-reduced AgNO3 to AgNPs and the surface plasmon resonance absorption peak was at 600 nm. 10 mM AgNO3, pH 3.0 and 9.0,
and 45oC supported the highest nanoparticles biosynthesis. FTIR spectra showed 21 and 23 peaks for the
bioflocculants and were respectively reduced to 16 and 20 for SBAgNPs and NBAgNPs. The SBAgNPs
and NBAgNPs were porous and anisotropic/irregular, with sizes of 9.5 nm and 11.8 nm, respectively. SBAgNPs and NBAgNPs had 86 and 71% flocculation efficiency in abattoir wastewater treatment and good
antibacterial activity with a broad spectrum against Gram-positive and Gram-negative pathogens from water sources. The biosynthesized AgNPs can serve as potential flocculating and antibacterial agents in water
purification and wastewater treatment.
Keywords: nanoparticles, bioflocculants, characterization, flocculation efficiency, antibacterial activity,
wastewater treatment.
Резюме
Предизвикателствата при пречистването на отпадните води и нарастващото разпространение
на водопреносими инфекции наложиха в био-производството търсенето на ефикасни биофлокуланти
с антимикробни свойства, включени в наночастици. В това проучване, за синтезата на сребърни
наночастици AgNP (SBAgNP и NBAgNP) са използвани биофлокуланти, получени от Streptomyces
sp. HDW7 и Nocardia sp. OX5. AgNP са охарактеризирани с помощта на UV–Vis спектрофотометрия,
FTIR и SEM, оценени са техните флокулиращи и антибактериални свойства. Биофлокулантите
редуцират AgNO3 до AgNP, а пикът на абсорбция на повърхностния плазмен резонанс е 600 nm.
Най-ефективна биосинтеза на наночастици се поддържа при параметри 10 mM AgNO3, pH 3.0 и 9.0
и 45oC. Спектрите на FTIR показват 21 и 23 пика за биофлокулантите и съответно намалени до 16 и
20 за SBAgNP и NBAgNP. SBAgNP и NBAgNP са порести и анизотропни, с размери съответно 9.5
nm и 11.8 nm. SBAgNP и NBAgNP показват 86 и 71% ефективност на флокулация при пречистване
на отпадъчни води от кланици и добра антибактериална активност при широк спектър от Грам–
положителни и Грам–отрицателни патогени от водни източници. В заключение, синтезираните
AgNP могат да служат като потенциални флокулиращи и антибактериални агенти при пречистване
на вода и третиране на отпадъчни води.
Introduction
The inadequacy vis-à-vis the lack of potable
water is a fundamental threat to public health with

attending consequences of waterborne diseases especially in developing countries (Deshpande et al.,
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nanoparticles using Streptomyces sp. HDW7 and
Nocardia sp. OX5 bioflocculants, and determination of the flocculation efficiency and antibacterial
activity of the nano-bioflocculants.

2020). Not less than 40% of an estimated 800 million people in Sub-Saharan Africa have no access
to clean and safe drinking water (WHO, 2017; Andres et al., 2018). One hundred million Nigerians
still lack basic sanitation facilities and 63 million
do not have access to improved sources of drinking
water (World Bank, 2017). Diverse anthropogenic
activities, urbanization and industrialization greatly affect the quality and properties of the limitedly
available water resources, rendering it unfit for human and industrial consumption (Oberholster and
Ashton, 2008).
Although various flocculating chemicals/
agents and methods have been employed for
purification of water and wastewater treatments
(Arezoo, 2002; Zhang et al., 2008; Li et al., 2009;
Mabinya et al., 2011; Yang et al., 2012; Nwodo et
al., 2014), the need to develop environmentally
friendly and cost-effective technology for sustainable development culminated in the bio-fabrication
of silver nanoparticles (AgNPs).
Microorganisms and/or their metabolites
such as bioflocculants play an important role in the
remediation of toxic metals through the reduction
and stabilization of the metal ions (Kalishwaralal
et al., 2008). In the area of water purification and
wastewater treatment, nanoparticles play a crucial
role and offer the possibility of efficient removal
of pollutants and germs (Tiwari et al., 2008). More
so, ensuring evidence-based provision of safe water, sanitation, and waste management practices in
communities, homes, schools, marketplaces, and
healthcare facilities is essential for preventing and
protecting human health during pandemics such as
COVID-19, caused by the novel virus SARS-CoV-2
(WHO, 2020). Advances in nanoscale, science and
engineering suggest that many of the current problems involving water quality could be resolved or
greatly diminished by using nonabsorbent nanocatalysts or bioactive nanoparticles with characteristic
length scales of 9-10 nm (Diallo and Savage, 2005).
Metallic nanoparticles are the most promising, owing to their high reactivity, large surface
area to volume ratio (Zaki et al., 2014), and the
fact that they exhibit good antimicrobial properties even to the growing resistant microbial strains
(Zhou et al., 2013). Silver has long been known
to exhibit strong toxicity to a wide range of microorganisms (Liau et al., 1997) and for these
reasons silver-based compounds have been used
extensively in many bactericidal applications
(Nomiya et al., 2004; Lateef et al., 2015). This
research was aimed at the bio-fabrication of silver

Materials and Methods
Bio-fabrication of silver nanoparticles
Stock bioflocculants produced by Streptomyces sp. HDW7 and Nocardia sp. OX5 isolated from
wastewater were used for bio-fabrication of silver
nanoparticles (SBAgNPs and NBAgNPs, respectively): 1:1 (v/v) of each bioflocculant was mixed
with 2 mM silver nitrate (AgNO3) and the resulting solution was incubated in the dark overnight
at room temperature. AgNO3, prepared under the
same experimental conditions was used as a control
(Kannan and Subbalaxmi, 2011).
Optimization of bio-fabricated silver nanoparticles
Different concentrations of AgNO3 (4.0 - 10.0
mM), pH (3.0, 7.0 and 9.0) and incubation temperatures (28, 35 and 45oC) were used to optimize the
bio-fabrication of the SBAgNPs and NBAgNPs by
a modified method of Lachhwani (2005), and the
absorbance was read at different wavelengths (200
– 800 nm).
Characterization of the bio-fabricated silver
nanoparticles
The bio-fabricated SBAgNPs and NBAgNPs
were characterized by visual observation for colour change, UV-visible spectrophotometry, Fourier
Transform Infrared (FTIR) spectroscopy, and Scanning Electron Microscopy (SEM).
Determination of flocculation efficiency of the biofabricated silver nanoparticles
The flocculation efficiency of 2 mM of each
of the bio-fabricated SBAgNPs and NBAgNPs on
an abattoir waste water sample was determined according to the method of Zhang et al. (2008). The
flocculation efficiency in percentage was calculated
as follows:
% Flocculation=(A-B)/A X 100
where A and B stand for the optical densities of the
blank (control) and the sample at 550 nm, respectively.
Antibacterial activity of the bio-fabricated silver
nanoparticles using agar well diffusion assay
Antibacterial activities of the bio-fabricated
AgNPs (SBAgNPs coded as HDW7a and NBAgNPs coded as OX5a) at different concentrations
were assessed by an agar well diffusion method.
Two waterborne bacteria, namely: Bacillus
sp. and Escherichia coli were used as test patho127

gens for the investigation. Briefly, 15 mL of prepared Mueller Hilton agar were poured into each of
the Petri plates and allowed to cool; then, 10 μL of
a 24 hrs Mac Farland standardized culture of each
of the test pathogens were evenly spread on the surface of the agar. 6 mm wells were made on the agar
layers, and then 500 μL of each of the bio-fabricated SBAgNPs (HDW7a) and NBAgNPs (OX5a)
at different concentrations (2.0 – 10.0 mM) were
inoculated per well. Similarly, 500 μL of streptomycin (10.0 mg/mL) and of the bioflocculant production medium (BPM) were also applied per well
as positive and negative controls, respectively. All
the inoculated plates were incubated at 28°C for 24
hrs, and the diameter of the zone of inhibition on
each well was determined according to the Clinical
and Laboratory Standards Institute (CLSI), 2015.
Statistical Analysis
All experiments were performed in duplicate
and the results were expressed as mean values ±
standard error. Student’s t-test was used to compare
the results and values of p < 0.05 were considered
statistically significant.

Fig. 2. Optimization of AgNO3 for bio-fabrication
of (A) SBAgNPs and (B) NBAgNPs
Figure 3 (A and B) shows the optimized pH
for the bio-fabrication of SBAgNPs and NBAgNPs,
respectively. Different pH had varied broad surface
plasmon resonance but pH 3.0 and 9.0 supported
the highest biosynthesis of SBAgNPs and NBAgNPs, an indication that the AgNPs bio-fabricated
are ion-dependent.

Results
The bioflocculants of Streptomyces sp.
HDW7 and Nocardia sp. OX5 bio-reduced AgNO3
to AgNPs: (A) SBAgNPs and (B) NBAgNPs, respectively, and were observed visually to change
from colourless AgNO3 to yellowish/dark brown
AgNPs (Fig. 1).

Fig. 1. Visual observation of bio-fabricated (A)
SBAgNPs and (B) NBAgNPs
The UV-Vis spectra in Fig. 2 (A and B) depict the optimized concentration of AgNO3 on the
bio-fabrication of SBAgNPs and NBAgNPs, respectively. The different concentrations of AgNO3
show varying surface plasmon resonance (SPR)
peaks but the highest peak at 600 nm was recorded
for 10 mM.

Fig. 3. Optimization of pH for bio-fabrication of
(A) SBAgNPs and (B) NBAgNPs
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Fig. 4. Optimization of temperature for bio-fabrication of (A) SBAgNPs and (B) NBAgNPs

Fig. 5. FTIR of bioflocculants HDW7 (A1) and OX5 (B1) compare to SBAgNPs (A2) and NBAgNPs (B2)
NPs) are 3416.05, 2966.62, 2362.88, 1624.12, and
570.95 cm−1, corresponding to functional groups
of hydroxyl/amine, alkanes, alkynes, ketone, and
strong halo compound, respectively; whereas the
peaks in (B1) for bioflocculant (OX5) are 3427.62,
2877.89, 1724.42, 1230.63, 1130.32, 979.87, and
418.57 cm−1, corresponding to functional groups of
hydroxyl/amine, aldehyde/carbohydrate, aliphatic
ketone, alkyl halides, aliphatic ether, carboxyl, and
aromatic (benzene), respectively, but that of (B2)
for the bio-fabricated silver nanoparticles (NBAgNPs) include 3481.63, 2908.75, 2393.74, 1174.69,
and 617.24 cm−1, corresponding to functional
groups of hydroxyl/amine, alkanes, alkynes, strong
tertiary alcohol, and halo compound, respectively.
In this study, the 3-dimensional nanotomographies of the bio-fabricated silver nanoparticles
(SBAgNPs and NBAgNPs) are shown in Fig. 6 (A

The increase in incubation temperature from
28to 45oC led to an increase in the bio-fabricated
SBAgNPs and NBAgNPs, with the highest SPR
band observed at 45oC as shown in Fig. 4 (A and
B).
Figure 5 (A1 and B1) shows spectra of 21
and 23 peaks for the bioflocculants of Streptomyces sp. HDW7 and Nocardia sp. OX5 that were
bio-reduced to 16 and 20 peaks (A2 and B2) for
the bio-fabricated silver nanoparticles of SBAgNPs
and NBAgNPs, respectively.
The adsorption peaks in (A1) for bioflocculant (HDW7) include 3406.40, 2970.48, 2330.09,
1444.73, 1182.40, and 688.61 cm−1, corresponding
to functional groups of hydroxyl/amine, alkanes,
alkynes, carboxylic acid, ester, and strong disubstituted (cis) alkene, respectively, while that of (A2)
for the bio-fabricated silver nanoparticles (SBAg129

Fig. 6. A 3-Dimensional image of (A) SBAgNPs and (B) NBAgNPs
and B). The micrographs revealed the bio-fabricated AgNPs to be loosely packed fluffy crispy flakes
with irregular/anisotropic arrangement of reduced
and highly stabilized average sizes of 9.5 nm and
11.8 nm for SBAgNPs and NBAgNPs, respectively.
Application of 2 mM of SBAgNPs (HDW7)
or NBAgNPs (OX5) to purify abattoir wastewater,
gave a flocculation efficiency of 86 and 71%, respectively (Fig. 7).

mediated silver nanoparticle. The bioflocculants of
Streptomyces sp. HDW7 and Nocardia sp. OX5 act
as reducing as well as stabilizing agents for the silver nanoparticles (AgNPs) through a method considered as green, simple, environmentally-friendly,
cost-effective and biocompatible for sustainable
development of the ecosystem.
The unique characteristic peak of 600 nm observed in this study could be a result of the anisotropic size, shape, and morphology, as well as the
refractive index capable of inducing the extension
of plasmonic bands (SPR) of the bio-fabricated AgNPs (Kumar et al., 2018) and may be attributed to
the dipole resonance and the strong coupling of the
extracellular bioflocculants with the terminal silver
ions leading to aggregation of the bio-fabricated
AgNPs (SBAgNPs and NBAgNPs). This observable result is similar to the works of Pal et al. (2007),
who recorded three main absorption peaks ranging
from 480-575nm, and Adebayo-Tayo et al (2016),
who reported an extension of SPR peak at 550 nm;
but different from the bands of wavelength 419 nm
as reported by Lateef et al. (2015).
It should be noted that different concentrations of bio-functionalized silver nanoparticles
have varying degrees of inhibitory effects on pathogens. The concentrations also exerted a significant effect on the size and size distribution of the
bio-fabricated AgNPs (SBAgNPs and NBAgNPs).
Generally, a broad peak at a higher wavelength indicates an increase in particle size and vice-versa
with a simultaneous increase in the SPR bands due
to the bioflocculants produced by Streptomyces sp.
HDW7 and Nocardia sp. OX5 acting as stabilizing
and surface functionalizing ligands.
In this study, the formation of the bio-fabricated SBAgNPs and NBAgNPs in acidic conditions (pH 3.0) is similar to the work of Yumei et al.
(2017) but differs from the alkaline conditions (pH
9.0) in the work of Iram et al. (2014).
Temperature is an important factor for ionic
solubility, reaction mechanism, and nanoparticle
formation. This study revealed the bio-fabrication

Fig. 7. Flocculation efficiency of SBAgNPs
(HDW7) and NBAgNPs (OX5) in abattoir wastewater
The antibacterial activities of the bio-fabricated SBAgNPs (HDW7a) and NBAgNPs (OX5a)
for 2 mM showed inhibition zones of 14 mm, 7 mm
and 11 mm, 7 mm against E. coli and Bacillus sp.,
respectively (Fig. 8A).
SBAgNPs (HDW7a): NBAgNPs (OX5a) at 4
mM, 6 mM, 8 mM, and 10 mM showed inhibition
zones of 16:9 and 12:8, 18:10 and 9:6, 20:14 and
8:6, and 18:13 and 7:4 against E. coli and Bacillus
sp., respectively (Fig. 8 B, C, D, and E).
Discussion
The ability of the bioflocculants produced by
Streptomyces sp. HDW7 and Nocardia sp. OX5 to
reduce AgNO3 for bio-fabrication of the silver nanoparticles (A) SBAgNPs and (B) NBAgNPs, respectively, was evident in the surface plasmon resonance (SPR) peaks. The silver nanoparticles (A)
SBAgNPs and (B) NBAgNPs were bio-fabricated
through the reduction of Ag+ to Ag0 by the bioflocculants. This observation is similar to that of Rajoka et al. (2020), who worked on exopolysaccharide
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Fig. 8. Antibacterial activities of the bio-fabricated SBAgNPs (HDW7a) and NBAgNPs (OX5a) for:
2mM (A), 4 mM (B), 6 mM (C), 8 mM (D) and 10 mM (E)
of the AgNPs (SBAgNPs and NBAgNPs) was significantly faster at elevated temperature than at
room temperature probably due to an increase in
the bioenergetics and reaction kinetics. This result
is similar to the work of Khan et al. (2013) but differs from that of Saravanan et al. (2017).
FTIR characterization was used to identify the
various functional groups present in the bioflocculants and compared to that of the bio-fabricated silver nanoparticles (SBAgNPs and NBAgNPs). The
reduction of 21 and 23 spectra peaks of the bioflocculants to 16 and 20 for SBAgNPs and NBAgNPs,
respectively, confirms the nanoparticles bio-fabrication while the presence of characteristic peaks of
halo compounds, alkyne, carbohydrate, and amine
as shown by some of the spectra indicated that the
bio-fabricated AgNPs were composed of reduced
and highly stabilized terminal silver-exopolysaccharide with protein moieties. The FTIR results of
this study were consistent with those of the green

synthesis of silver nanoparticles previously reported by Zao et al. (2019) and the exopolysaccharide
mediated silver nanoparticle reported by Rajoka et
al. (2020).
In nanotechnology vis-à-vis materials science, various techniques for reconstruction of microstructures have been applied successfully for
decades. One such driving force is perhaps the
need to achieve nanometer-scale resolution and the
desire to obtain three-dimensional shapes of nanoparticles. This is possible by using a significant
technique of advanced instrumentation capable of
focusing the beam of microscopic electrons into a
multipurpose analytical and structural tool (Möbus
and Inkson, 2007; Kanmani and Lim, 2013; Xu et
al., 2017). The average sizes of 9.5 nm and 11.8 nm
respectively for SBAgNPs and NBAgNPs strongly influenced the bio-catalytic, optical and electromagnetic properties in respect to their flocculation
efficiencies, antibacterial activities, absorbances,
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and the reductions in the bonds of the bio-fabricated AgNPs. This is similar to the works of Gomaa
(2016), who reported that the morphology of a synthesized AgNPs had an average size of 11 – 25 nm,
and Odeniyi et al. (2020), who reported AgNPs size
of 12 nm but differs from Bello et al. (2017), who
revealed that the bio-synthesized AgNPs were approximately 50 nm size and that of Rajoka et al.
(2020), who reported an aggregated and varied
sized nanostructures ranging from 30 to 100 nm
with an average size of 45 nm.
More so, the highly effective flocculation
efficiencies of the bio-fabricated AgNPs obtained
in this study could probably be due to the fact that
the charge of the particles suspended in the abattoir wastewater is negative and they are being attracted by the net positive charge of the Ag+/AgNPs
bio-fabricated. These flocculation efficiencies are
in accordance with the work of Arafat et al. (2014),
in which 3 mM of silver nanoparticle bioflocculants
were used for treatment of River Nile water but differ from those of Adebayo et al. (2020).
Both the Gram-positive Bacillus sp. and the
Gram-negative E. coli were significantly inhibited by the bio-fabricated AgNPs (SBAgNPs and
NBAgNPs) due to the released pools of Ag+ which
then acted as reducing, capping, and/or stabilizing
agents, thereby making SBAgNPs and NBAgNPs
excellent promising bioactive metabolites with reference to therapeutics in a concentration-dependent
manner.
In this study, the Gram-positive bacterium
Bacillus sp. generally showed lesser inhibition
zone (i.e. less suppressed) possibly due to it thicker
cell wall and abundant peptidoglycan, whereas the
Gram-negative bacterium E. coli was more sensitive to the bio-fabricated AgNPs (SBAgNPs and
NBAgNPs) probably because of its thinner cell
wall with less peptidoglycan and the electrostatic attractions between the positive charges of the
bio-fabricated AgNPs and the negatively charged
lipopolysaccharides of the Gram-negative E. coli.
However, the antibacterial activities of the bio-fabricated AgNPs (SBAgNPs and NBAgNPs) were not
affected by the cell membrane/structure because
both Gram-positive and Gram-negative bacteria
were inhibited. Hence, it could be deduced that the
mechanism(s) of action of the bio-fabricated silver
nanoparticles (SBAgNPs and NBAgNPs) is either
inhibition of the protein synthesis mediated by the
30S ribosomal subunit, nucleic acids synthesis or a
combination of the two or more.
To further gain a complete understanding of

the mechanism(s) of action of the bio-fabricated
silver nanoparticles (SBAgNPs and NBAgNPs),
a known antimicrobial agent (positive control:
Streptomycin) was explored. By using the positive
control (Streptomycin), the mode of action of the
bio-fabricated silver nanoparticles (SBAgNPs and
NBAgNPs) can be inferred. In this study, Streptomycin was expectedly observed to have broad
spectrum effects on both the Gram-positive and
Gram-negative bacteria in the same manner as
the bio-fabricated silver nanoparticles (SBAgNPs
and NBAgNPs), indicating that the bio-fabricated
SBAgNPs and NBAgNPs probably share common
target(s) in the bacteria vis-à-vis the mechanism of
action as that of the positive control (Streptomycin).
It should be recalled that Streptomycin, an
aminoglycoside antibiotic known to be bactericidal, irreversibly binds to the 16S rRNA and S12 protein blocking the bacterial 30S ribosomal subunit.
These results were consistent with those on
the antibacterial activities of biosynthesized AgNPs
reported by Mubarak Ali et al. (2011), Priyadarshini et al. (2013), and Bilal et al. (2017) but different
from the results of Lara et al. (2010), who reported
50.00 mM and 6.25 mM as the highest and lo west
concentrations, respectively, for bactericidal effectiveness of silver nanoparticles.
Conclusion
In this study, bio-reduction of Ag+ to Ag was
due to the ability of the bioflocculants extracellularly produced by Streptomyces sp. HDW7 and Nocardia sp. OX5 to serve as capping and stabilizing
agents. During optimization, 10 mM AgNO3, pH
3.0 and 9.0 as well as 45oC supported the highest
bio-fabrication of SBAgNPs and NBAgNPs, while
the SPR peak was recorded at 600 nm. This may
be probably due to the fact that encoded proteins
such as nitrate reductase, which reduces and stabilizes the silver ions, shuttles the electron(s) to terminal silver ion(s) in aqueous solution(s) and in the
presence of NAD and H+ acting as reducing agents.
Some other bonds, such as aldehyde, amine, amide,
alkyne and halo compounds may also be responsible for the subsequent stabilization of the silver
nanoparticles. FTIR spectra of the AgNPs further
revealed the aldehyde, amine, alkyne, halo compounds and amide linkages of the residues that gave
rise to the reduced and stable AgNPs (SBAgNPs
and NBAgNPs).
The average size of 9.5 nm and 11.8 nm for
SBAgNPs and NBAgNPs, respectively, could be
an attestation to a large surface area that ultimately
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increases their interaction with the test pathogens,
thereby enhancing the antimicrobial/bactericidal
effect. SBAgNPs and NBAgNPs had 86% and 71%
flocculation efficiencies when used to treat abattoir
wastewater and excellent antibacterial activities in
a concentration-dependent manner against selected
pathogens of water source. The inhibitory effects
on both the Gram-positive Bacillus sp. and the
Gram-negative E. coli of waterborne sources permit
us to forecast their therapeutic potential that could
be beneficial for the management of waterborne
diseases. This also suggests that the bio-fabricated
silver nanoparticles (SBAgNPs and NBAgNPs) are
broad spectrum antibacterial agents and could also
be potential antimicrobials against Gram-positive
and Gram-negative pathogens, possibly tackling
the menace of multi-drug resistant strains. However, further research will still be needed on analysis
of silver (Ag) and other composition elements that
might be present in the bioflocculant-mediated AgNPs. More so, for the potentials to be explored in
the natural environments, cytotoxicity and in vivo
assays of the bio-fabricated AgNPs need to be investigated.
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Abstract
Ficus exasperata is a well-known plant because of its rough leaves commonly used as sandpaper in
Nigeria. Ethnobotanically, F. exasperata has been reported useful in the management of cough, hemorrhoids and high blood pressure. However, this study aims to unearth the phytochemistry and antibacterial
activities of F. exasperata root extracts against selected clinical isolates. Fresh roots of F. exasperata were
harvested, washed, diced and air-dried in a cool shade for 3 weeks. Dried roots were pulverized into a
powdery form using a kitchen blender. The powdered roots were macerated in ethanol and concentrated to
dryness in a water bath at 40ºC. The eight clinical isolates used in this study were Escherichia coli, Klebsiella spp, Proteus spp, Pseudomonas aeruginosa, Salmonella spp., Shigella spp, Staphylococcus aureus and
Staphylococcus faecalis. The antibacterial activities of the plant root extracts at 25, 50, 75, and 100 mg/ml
after 24 hours of incubation were determined using agar well diffusion method. Gas-chromatography-Mass
Spectrometry method was employed to analyze the phyto-constituents present in F. exasperata roots. The
chromatogram from the phytochemical screening of F. exasperata root revealed the presence of twenty-five
phyto-compounds with stigmast-4-en-3-one, a steroidal compound having the highest peak. The extract
exerted inhibition zone, after 18-24 hours of incubation, on all tested clinical isolates except Shigella spp.
at 100 mg/ml concentration. F. exasperata roots possess antibacterial potency which could be exploited for
their efficacies in the treatment of related bacterial infectious diseases.
Keywords: antimicrobial, bacteria, Ficus exasperata, infectious diseases, phytocompounds.
Резююме
Ficus exasperata е добре известно растение, тъй като грубите му листа обикновено се използват
като шкурка в Нигерия. Етноботанически, растението се използва при кашлица, хемороиди и високо
кръвно налягане. Настоящото проучване има за цел да изследва фитохимичните и антибактериалните активности на екстракти от корени на F. exasperata срещу някои клинични изолати. Пресните корени на F. exasperata се събират, измиват, нарязват и изсушават на въздух на хладно в продължение
на 3 седмици. Изсушените корени се пулверизират до прахообразна форма с помощта на миксер и се
накиснват в етанол, а полученият ектракт се концентрира до сухо вещество на водна баня при температура 40°C. Проучени са осем клинични изолати, а именно: Escherichia coli, Klebsiella spp, Proteus
spp, Pseudomonas aeruginosa, Salmonella spp., Shigella spp., Staphylococcus aureus и Staphylococcus
faecalis. Антибактериалните активности на екстрактите от корените на F. exasperata в концентрации
25, 50, 75 и 100 мг/мл се определят чрез агар-дифузионния метод след инкубиране за 24 часа. Анализът на фитосъставките, налични в корените на F. exasperata се извършва чрез Газ-хроматография/
Мас-спектрометрия. Хроматограмата от фитохимичния скрининг показва наличието на двадесет и
пет фитосъединения със стигмаст-4-ен-3-оне (stigmast-4-en-3-one), стероидно съединение с най-голям пик. Екстрактът от F. exasperata при концентрация 100 мг/мл показва инхибираща зона след
18—24 часа инкубация върху всички изследвани клинични изолати, с изключение на Shigella spp.
Следователно корените на F. exasperata притежават ефикасен антибактериален потенциал, който би
могъл да се използва при лечението на съответните бактериални инфекции.
* Corresponding author’s email: ooghale@unimed.edu.ng
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Introduction
One of the oldest known forms of therapy is
the use of medicinal plants. The knowledge of the
potency of medicinal plants has passed from people
to nations and now almost every tribe, culture, or
country on earth has created its unique pharmacy of
medicinal plants (Thomford et al., 2015). The use
of herbal medicine, nutraceuticals, or phytonutrients is rapidly expanding across the world, as many
people now use herbal medicine for the treatment of
various health issues. The active compounds found
in several parts of the medicinal plants are used as
medicinal agents and they have direct or indirect
therapeutic effects (Jamshidi-Kia et al., 2018). In
these plants, certain materials referred to as active
compounds or phytochemicals, are produced and
stored, and these exert physiological effects on living organisms. The active compounds isolated from
plants are one of the important alternatives, when
compared to many sub-standard orthodox synthetic medicines, because of their fewer or no side
effects and bioavailability (Sen and Batra, 2012).
Gas-chromatography-Mass Spectrometry (GCMS) technique is increasingly applied in the study
of medicinal plants to analyze non-polar components, volatile essential oils, fatty acids, lipids, and
alkaloids in plant materials (Rukshana et al., 2017).
Infectious disease cases have increased dramatically in the past 20 years because of the increase in the number of people whose immune
systems have become compromised by AIDS, aging, organ transplant, and cancer therapy (Cobo
et al., 2021). Antimicrobial agents are essentially
important in reducing the global burden of infectious diseases (Manandharet al., 2019). However,
the emergence and dissemination of multidrug-resistant (MDR) strains in pathogenic bacteria have
prompted the need to look into natural healing substances such as plants to combat infectious diseases by safer and cheaper measures (Ugboko et al.,
2020). Ficus exasperata; a household plant in Nigeria, has been reported to be medicinal in nature
(Ugboko et al., 2020). The leaves and stem bark
have been reported to possess bioactive compounds
like alkaloids, saponins, glycosides, terpenoids,
and sterols, which confer medicinal usefulness on
the plant (Kofie et al., 2015). The roots have been
reported useful in the management of urinary tract
infections, gonorrhea, asthma, tuberculosis, cough,
eye problems, and as a worm expellant (Sonibare
et al., 2006). Cold bark extract is drunk in cases of
dizziness (Uzama et al., 2018). However, there is a
dearth of information on the GC-MS of the roots of

F. exasperata. Thus, this study is aimed at unearthing the phytochemistry (using GC-MS technique)
and antibacterial activities of the ethanol root extract of F. exasperata on selected clinical isolates.
Materials and Methods
Plant identification
F. exasperata roots were freshly harvested in
Akure, identified and authenticated at the Herbarium unit of the Plant Science at the Federal University of Technology, Akure, Ondo State, Nigeria.
Extract preparation
Freshly harvested F. exasperata roots were
washed thoroughly under running water to remove
every form of earth on them. The cleaned roots
were then diced and allowed to dry without direct
contact with the sun for 3 weeks. The dried roots
were reduced to a powdery form with a blender. A
570 g proportion of the root powder was macerated
in ethanol and concentrated in a water bath at 35ºC
until a cream powder was left.
Phytochemical analysis
GC-MS analysis was conducted at Shimadzu
Training Center for Analytical Instruments (STC),
Lagos. The extracts were analyzed by GCMSQP2010SE (SHIMADZU, JAPAN). The separations were carried out using a Restek Rtx-5MS fused
silica capillary column (5%-diphenyl-95%-dimethylpolysiloxane) of 30 m×0.25 mm internal diameter (di) and 0.25 mm in film thickness. The mass
spectrometer was set to operate in electron ionization mode with an ionizing energy of 70 eV as the
acquisition mass ranged from 45-700 a.m.u. The
total running time was about 22 mins. Components
were identified by matching their mass spectra with
those of the spectrometer database using the NIST
computer data bank, as well as by comparing the
fragmentation pattern with those reported in the literature (Alao et al., 2018).
Antimicrobial screening
Eight clinical isolates were obtained from
Don Bosco Health Center Akure, Ondo State, and
these included Escherichia coli, Klebsiella spp.,
Proteus spp., Pseudomonas aeruginosa, Salmonella spp., Shigella spp., Staphylococcus aureus, and
Staphylococcus faecalis. Fresh roots of F. exasperata were harvested, washed, diced and air-dried in
a cool shade for 3 weeks. Dried roots were pulverized into a powdery form using a kitchen blender.
The powdered roots were macerated in ethanol and
concentrated to dryness in a water bath at 40ºC. Antimicrobial assay of extracts of the plant root was
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Fig. 1. Gas chromatogram showing 25 peaks depicting compounds present in F. exasperata root extract.
Results

performed by agar well diffusion method following the methods adopted by Uzama et al. (2018).
Zones of inhibition were measured in millimeters
(mm) and the average values were calculated and
recorded.

Phytochemical screening; GC-MS analysis
The GC-MS analysis showed the presence of
twenty-five compounds in the ethanol extract of the
root of F. exasperata as presented in the gas chromatogram (Fig. 1). Table 1 shows the peak number,
retention time, peak area, name of compound, molecular weight and chemical structure of the phyto-constituents on the GC-MS chromatogram displayed in Fig. 1.

Statistical analysis
The data obtained were analyzed using Analysis of Variance (ANOVA) on the Statistical Package for the Social Sciences (SPSS), version 25.0.
Results were presented as Mean ± Standard Deviation. Duncan multiple range test (level of significance of p = 0.05) was performed to evaluate the
level of differences among the means of the different samples. Statistical significance was accepted
at p ≤ 0.05.

The bioactivities of the phyto-constituents
present in the F. exasperata ethanol root extract are
presented in Table 2.

Table 1. Phytocomponents of F. exasperata ethanol root extracts using GC-MS analysis
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Table 2. Bioactivity of some phytochemicals present in F. exasperata root extract
Name of compound
Phenol, 2,4-Bis(1,1-Dimethylethyl)7,9-Di-Tert-Butyl-1-Oxaspiro (4,5) Deca6,9-Diene-2,8-Dione
L-(+)-Ascorbic Acid 2,6-Dihexadecanoate
Hexadecanoic Acid, Ethyl Ester
Stigmast-4-en-3-One

Cholest-4-en-3-One
Cyclobarbital

Bioactivity
Antioxidant, anticancer, antifungal antibacterial, protection against
trimethylin (TMT), induced cognitive dysfunction
Flavor, antioxidant, anti-skin diseases
Food supplement, antioxidant
Antioxidant, hypocholesterolemic, nematicide, pesticide, lubricant,
antiandrogenic, flavor, hemolytic, 5-alpha reductase inhibitor
Antioxidant, hypoglycemic and thyroid-inhibiting properties,
precursors of progesterone, antimicrobial, anticancer, anti-arthritic,
anti-asthma, anti-inflammatory, diuretic
Cholesterol product, antioxidant, cytotoxicity, antibacterial,
metabolite production
Testosterone beta-dehydrogenase (NADP+) inhibitor, anesthetic
general, anticonvulsant, neurotransmitter antagonist, skeletal
muscle relaxant

Antimicrobial activities
The outcome of the antimicrobial screening
of ethanol extracts of F. exasperata roots is given
in Table 3. The ethanol extract of root exerted
antimicrobial activity on all the isolates used in the
test except Shigella spp. The highest inhibition zone
was exhibited by S. aureus (9.00 ± 0.01), followed
by Proteus sp. (8.50 ± 0.004) at 100 mg/ml extract
concentration. Gentamycin was used as a positive
control. The zones of inhibition ranged from 0.00 ±

0.00 to 9.00 ± 0.01 across the four concentrations of
extract tested as presented in Table 3.
Tables 4a and 4b showed the antibiotic
susceptibility and resistance profiles of the Gramnegative and Gram-positive bacterial isolates used
in this study. Most strains of Gram-negative bacterial
species were susceptible to many of the antibiotics
investigated. However, E. coli, Klebsiella spp and
Salmonella spp. showed resistance to Augumentin
and Ceporex.

Table 3. Antimicrobial effect of ethanolic extract of F. exasperata root on the isolates
Zones of Inhibition (Mean ± SD)

Clinical isolates/
Concentrations

25 mg/ml

50 mg/ml

75 mg/ml

100 mg/ml

Gentamycin

E. coli
Klebsiella spp.
Proteus spp.
P. aeruginosa
Salmonella spp.
Shigella spp.
S. aureus
S. faecalis

2.50 ± 0.02
0.00 ± 0.00
2.50 ± 0.01
0.50 ± 0.01
1.00 ± 0.01
0.00 ± 0.00
3.50 ± 0.02
2.00 ± 0.01

5.00 ± 0.01
1.00 ± 0.01
3.00 ± 0.01
3.50 ± 0.00
3.00 ± 0.02
0.00 ± 0.00
5.00 ± 0.03
4.00 ± 0.01

8.00 ± 0.01*
2.00 ± 0.02
5.00 ± 0.00
6.00 ± 0.02
3.50 ± 0.01
1.0 ± 0.00
7.00 ± 0.02
6.00 ± 0.03

8.00 ± 0.01*
4.00 ± 0.01
8.00 ± 0.02
8.50 ± 0.04*
6.00 ± 0.02*
2.50 ± 0.71
9.00 ± 0.01
7.00 ± 0.01

20.0 ± 0.01*
14.0 ± 0.00*
23.0 ± 0.01*
0.00 ± 0.00
24.0 ± 0.01*
14.0 ± 0.00*
14.0 ± 0.02*
9.00 ± 0.01*

Key: 0.0 mm= (no inhibition growth); *Number of replicates = 3; Mean ± Standard Deviation.
Table 4a. Average zones of inhibition of antibiotics against Gram-negative clinical isolates
Zones of inhibition (mm)

Isolates/
Antibiotics

OFX

PEF

CPX

AU

CN

S

CEP

NA

SXT

PN

E. coli
Klebsiella spp.
Proteus spp.
P. aeruginosa
Salmonella spp.

13.0
14.0
15.0
13.0
17.0

12.0
0.0
12.0
15.0
18.0

15.0
17.0
0.0
20.0
13.0

0.0
8.0
0.0
10.0
0.0

20.0
14.0
23.0
0.0
24.0

14.0
0.0
17.0
0.0
0.0

0.0
0.0
0.0
18.0
10.0

0.0
17.0
0.0
14.0
15.0

14.0
0.0
0.0
0.0
0.0

0.00
0.00
0.00
0.00
0.00
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Table 4b. Average zones of inhibition of antibiotics against Gram-positive clinical isolate
Isolates/
Antibiotics
S. faecalis
S. aureus

Zones of inhibition (mm)
CPX

NB

CN

AMX

S

RD

E

CH

APX

LEV

0.0
0.0

0.0
9.0

9.0
14.0

0.0
0.0

14.0
0.0

12.0
20.0

0.0
0.0

19.0
0.0

0.0
13.0

10.0
13.0

Key: OFX= Ofloxacin, PEF=Pefloxacin, CPX= Ciproflaxin, AU=Augmentin, CN=Gentamycin, S=Streptomycin, CEP= Ceporex, NA=Nalidixic Acid, SXT=Septrin, PN=Amplicin. CPX= Ciproflaxin, NB=Norfloxacin, CN=Gentamycin, AML=Amoxil, S=Streptomycin RD=Rifampicin, E=Erythromycin, CH=Chloramphenicol, APX=Ampilox
Discussion
Plants are a valuable source of theoretically
useful structures for developing novel antimicrobial agents. The in vitro antibacterial activity assay is
the first step toward this target (Manandhar et al.,
2019). Phytochemicals are mainly developed by
plants to defend themselves against pests, but new
research indicates that they can also protect humans
from disease (Ovuakporie-uvo et al., 2018). In this
study, the phyto-compounds of F. exasperata ethanol root extract was screened using GC-MS analysis.
The results of the GC-MS analysis of F. exasperata
revealed the presence of twenty-five compounds,
represented by peaks on the gas chromatogram (Fig.
1). The peak number, retention time, peak area,
name of compound, molecular weight and chemical structure of the phyto-constituents in Fig. 1 are
presented in Table 1. The detected compounds were
mainly phenolic and steroidal compounds; 2,4-bis
(1,1-dimethyl ethyl)-, heptanoic acid, di(isopropyl) silyl ester, 7, 9-di-tert-butyl-1-oxaspiro (4,5)
deca-6, 9-diene-2, 8-dione, cyclopentanetridecanoic acid, methyl ester, 1 propanone, 1-(2,6-dimethyl-4-propoxyphenyl l-(+)-ascorbic acid 2,6di hexadecanoate, hexadecanoic acid, ethyl ester,
7h-furo[3,2-g][1]benzopyran-7-one, 4-methoxy-,
2H,8H-benzo[1,2-b:5,4-b’]dipyran-2-one, 8,8-dimethyl4-trifluoromethylbenzoic acid, hexadecyl
ester, ethanol, 2-(9,12-octadecadienyloxy)-, (Z,Z), methyl 5,9-octacosadienoate, ergost-7,22-dien-9,11-epoxy-3-ol,acetate(ester),(14-methoxy-5,13,13-trimethyl-8-oxo-9,15dioxapentacyclo
(12.2.2), cholest-6-ene-3-beta.,5-beta.,8.beta.-triolpregnan-20-one, 3-hydroxy-beta-sitosterol, cyclobarbital, cholest-4-en-3-one, gamma-sitosterol,
4,22-stigmastadiene-3-one, 4-hydroxy-beta.-ionone, stigmast-4-en-3-one, ginsenol and 2h-3,
9a-methano-1-benzoxepin, octahydro.
As shown on Fig. 1, stigmast-4-en-3-one was
the highest peaked compound with a peak number of
23, closely followed by 4.22-stigmastadiene-3-one
having a peak value of 2. The bioactivities of com-

pounds found in F. exasperata (Table 2) include:
antioxidant, anticancer, antifungal, antibacterial,
flavor, anti-skin diseases, food supplement, hypocholesterolemic, nematicidal, pesticide, lubricant,
antiandrogenic, hemolytic agents, 5-alpha reductase inhibitor, hypoglycemic and thyroid inhibiting
properties, precursors of progesterone, anti-insomnia, antitumor, hypoglycaemic, anti-diabetics, anti-inflammatory amongst other bioactivities (Brintha et al., 2017; Lakshmi and Nair, 2017). Cholest4-en-3-one with a peak percentage of 11.08% was
another essential bioactive compound found in F.
exasperata root extract, which is useful in the treatment of amyotrophic lateral sclerosis and also in
the production of human drugs (Elia et al., 2019).
The antimicrobial activity of the ethanol extracts of F. exasperate roots tested on eight (8) microbial isolates showed that the extracts possessed
antibacterial activities and were able to inhibit the
growth of the isolates at 50 mg/ml and 100 mg/
ml at 37ºC within 24 hours of incubation (Table
3). The zones of inhibition for the four concentrations (25, 50, 75 and 100 mg/ml) of extract studied
ranged from 0.00±0.00 to 9.00±0.01mm. The highest rates of inhibition were observed across all the
micro-organisms tested at 100 mg/ml, which was
the highest concentration tested, while concentrations of 25 mg/ml recorded no significant antimicrobial potency. This finding is in agreement with
the reports of Lawal et al. (2012) and Adebayo et
al. (2009) stating that F. exasperata roots extracted
with whatever solvent elicits antimicrobial activities at higher concentrations like 100 and 200 mg/
ml. F. exasperata was able to inhibit the growth of
E. coli (8.00 ± 0.01 mm) and S. aureus (9.00 ± 0.01
mm) at 100 mg/ml to a very reasonable extent. This
finding also corroborates the reports of Uzama et
al. (2018).
This study revealed that F. exasperata ethanol root extract exerted antimicrobial effects on
both Gram-positive and Gram-negative bacteria
(Tables 4a and 4b). Although gentamycin had the
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highest antimicrobial effect on the clinical isolates
tested, F. exasperata root extract still exhibited a
wide range of antibacterial activity, making it a
promising antibacterial candidate. There is, therefore, a need for drug researchers and pharmaceutical industries to exploit F. exasperata roots for the
treatment of bacterial infections.
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Abstract
A biochemical method that does not rely on culturing of microorganisms is phospholipid fatty acid
(PLFA) analysis. The PLFA patterns give an indication of the composition of the microbial community and
can be obtained relatively quickly and easily. The effects of fluoride (F-) pollution on soil microbial communities have always been a captivating area that has received little attention in the unique tropical Kuttanad
agro-ecosystem. No study has utilized PLFA profiles as a means to detect changes in the soil microbial
community structure caused by F-. In the present study, the microbial community in F- contaminated soils of
Kuttanad was assessed using PLFA. PLFA analysis showed that different F- levels in the soil have an impact
on the community structure of specific microbial groups. General bacteria and actinomycete PLFA a15 16:0
18:0 showed the highest abundance in low F- soil whereas most gram-negative bacteria, cyanobacteria and
fungal PLFA a12 16:1ω4c increased in medium F- soil and most PLFA decreased or disappeared in high
F- soil suggesting that the status of F- can change the structure of microbial communities in Kuttanad soils.
Keywords: PLFA, microbial community, fluoride contamination, agro-ecosystem, principal component
analysis, Kuttanad
Резюме
Анализът на фосфолипидните мастни киселини (PLFA) е биохимичен метод, който не разчита
на култивиране на микроорганизмите. Стойностите на PLFA дават индикация за състава на микробните съобщества и могат да бъдат получени сравнително бързо и лесно. Ефектът от замърсяването
на почвите с флуориди (F-) върху почвените микробни съобщества винаги е бил интересна област,
която е получавала малко внимание в уникалната тропическа агро-екосистема Kuttanad. Липсват съобщения за използването на PLFA профилите като средство за откриване на промени в структурата
на почвеното микробно съобщество, причинени от F-. В настоящото проучване с помощта на PLFA е
извършена оценка на микробното съобщество в замърсени с F- почви на Kuttanad. Анализът на PLFA
показва, че различните нива на F- в почвата оказват влияние върху структурата на специфичнитe
микробни групи. Резултатите от PLFA a15 16:0 18:0 показват най-голямо количество на бактерии и
актиномицети в почва с ниско съдържание на F-, докато количеството на Грам-отрицателните бактерии, цианобактериите и гъбите се увеличава в почви със средно съдържание на F-. В почви с високо
съдържание на F- се отчита намаляване или дори изчезване на тези микроорганизми. Резултатите
предполагат, че съдържанието на F- може да промени структурата на микробните съобщества в почвите Kuttanad.
Introduction
Soil microbial communities are in charge of
80-90% of biotic soil processes, biogeochemical
cycling and mediating soil organic matter decomposition, and assume exceptionally essential roles
in the survival of plants. Soil microbial ecology
has consistently been hindered by the difficulty in
observing the activities of microorganisms in their

regular habitat. A few techniques have been utilized
to gauge the amount of microbial biomass in soil,
yet few differentiate between various groups of microorganisms. Microscopic techniques can be utilized for this, however, they are tedious. They have
additionally been scrutinized both for challenges
in recognizing living and dead organisms and for
underestimating biomass, since life forms covered
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up inside or behind soil particles are not counted
(Schallenberg et al., 1989). In addition, conventional cultivation techniques may find limitations
in characterizing most of the soil microorganisms.
Be that as it may, for a long time soil microbial biomass stayed notably a black box until the
appearance of molecular methods started to uncover the extensive diversity of the microbial community. Therefore, a culture-independent approach
is utilized to determine soil microbial community
composition by phospholipid fatty acids analysis of
microbial membranes, which offer the most amazing way to determine microbial biomass, shift in
microbial community structure and activities (Zhao
et al., 2016; Kuppusamy et al., 2018).
Meanwhile, less complex strategies dependent on specific biomarkers were developed which
can defeat the issue of selective culturing while
giving a fair perspective of the structure of complex microbial communities (Zelles, 1999; Insam,
2001). Among these was the utilization of phospholipid fatty acid (PLFA), first applied to soil by
Frostegård (1991). Polar lipids, which are principally phospholipids in microbes, are present in all
unscathed cells. More than 200 distinctive fatty acids have been characterized from different prokaryotic and eukaryotic organisms. They fluctuate essentially among various organisms, making them
integral assets in taxonomic studies.
Phospholipid fatty acid (PLFA) analysis has
been proved to be highly successful as an indicator in environmental studies for determining microbial community structures (Kaur et al., 2005).
Changes in PLFA profile are indicative of changes
in the overall structure of microbial communities
(Frostegård et al., 1996) and “signature” PLFA can
provide information on specific groups of microorganisms present in a community. Soil contamination can result in shifts in PLFA profiles for microbial communities (Pennanen et al., 1996; Griffith et
al., 1997). PLFA profile analysis has therefore been
made use of in monitoring the changes in microbial
communities due to soil contamination caused by
copper-based fungicides (Zelles et al., 1994), heavy
metals (Kelly et al., 2003), 2.4.6 trinitrotoluene
(TNT) (Wilke et al., 2004), and crude oil contaminated soil (Erdoğan et al., 2013).
PLFAs have a few highlights that strengthen their utilization as a marker of environmental
stress, which enables them to react both in intracellular and extracellular environmental conditions,
and henceforth can be utilized as an indicator in environmental monitoring and assessment. Taking the

above facts into consideration, the aim of the study
was to assess the microbial community in F- contaminated soils of Kuttanad, using PLFA. Besides,
this method provides results which can be visualized by multivariate statistical methods.
Materials and Methods
Study area
The study area selected was the agricultural
lands of Kuttanad, the “rice-bowl” of Kerala, India. This unique wetland lies at the very heart of
Alappuzha district, and is a part of Vembanad-Kole
wetland, the Ramasar site in Kerala. The rice fields
in this region are known as “Puncha vayals”.They
are comprised of 55 000 ha below mean sea level
where sowing takes place in November and where
harvesting takes place between March – April. Kuttanad has a warm and humid climate with slight
seasonal fluctuation in temperature (21-38°C) and
average rainfall of 300 cm, 83% of which is received during two monsoon periods from June to
October.
Sampling scheme
Soil samples were collected from 15 locations
Viz Veeyapuram, Thakazhi, Ramankari, Edathwa,
Thalavady, Muttar, Nedumudy, Monkompu, Veliyanad, Pulinkunnu, Kainakary , Kavalam, Pandy, Kunnumma and Ponga of Kuttanad rice fields
during the fallow period (January) of 2016 from a
depth of 20 cm below the surface layer. Soil-subsamples for phospholipid fatty acid (PLFA) analysis were frozen within 24 hrs of sampling. All the
soil samples taken were analyzed for F- concentration. Whereas, samples for PLFA analysis, soils
from three locations which had a low (from Thalavady soil), medium (from Monkompu) and high
F- concentration (from Muttar soil) (Roshni and
Harikumar, 2021) were chosen retaining the same
number of replications.
Phospholipid Fatty Acid (PLFA) analyses
Lipid extraction and PLFA analysis were
performed using a modification of Bligh and Dyer
(1959) method as described by Bossio et al. (1998).
Briefly, 2 g of lyophilized soil samples were used
to extract the PLFAs with a single phase mixture
of chloroform/methanol/citrate buffer (15.2 ml at a
1:2:0.8 volume ratio). The extracted fatty acids in
the chloroform were fractioned into neutral lipids,
glycolipids and polar lipids using a silica-bonded
phase column (SPE-Si, Supelco, UK) with chloroform, acetone and methanol, respectively. The recovered polar lipids were transesterified to the fat144

ty acid methyl esters (FAMES) by a mild alkaline
methanolysis. Fatty acids and methyl esters were
quantified by gas chromatograph (6890N, Agilent
Technologies, Santa Clara, CA) and identified with
MIDI SHERLOCKS microbial identification system (Version 4.5, MIDI, Inc., Newark, DE). Nonadecanoic acid methyl ester (19.0) was added as
the internal standard before methylation and fatty
acid methyl esters were identified automatically by
the MIDI peak identification software (Wu et al.,
2009).
Fatty acids were designated as A:BωC, where
‘A’ is the number of carbon atoms in the chain, ‘B’ is
the number of double bonds, and ‘C’ is the number
of carbon atoms from the methyl end of the molecule to the first unsaturated bond (Frostegard et al.,
1993; Zelles, 1999). The prefixes i, a, and cy refer to iso-, anteiso- and cyclopropyl ring structure,
respectively. The suffixes c and t refer to cis- and
trans- configurations, respectively. 10Me indicates
a methyl group on the tenth carbon atom from the
carboxyl end of the molecule (Arao, 1999; Bååth
and Anderson, 2003). Fatty acid nomenclature was
used as described by Frostegård et al. (1993). The
PLFAs i14:0, i15:0, a15:0, i16:0, a16:0, i17:0, and
a17:0 were considered to represent gram-positive
bacteria; 16:1ω9c, cy17:0, 18:1ω6c, 18:1ω7c,
and cy19:0 to represent gram-negative bacteria
(Frostegård and Bååth, 1996); 18:1ω9c, 18:3ω6c
and 16:1ω5c for fungi; 10Me16:0, 10Me17:0 and
10Me18:0 for indicating actinomycetes (Zelles,
1997). Total microbial biomass was estimated using the total concentration of PLFAs (nmol g-1). The
abundance of individual PLFAs was indicated by
their relative abundance (% mol) in each sample.

Fig. 1. Mol% of different PLFA under different
F- levels
and high F- soil. PLFA 16:1ω4c increased in medium F- soil and fatty acid 18:0 showed an increase in
low F- soil. PLFA 21:0 and 24:0 increased in high
F- soil while a24:0 showed an increase only in medium F- soil. The soil with low F- concentration had
high percentage of gram-negative bacteria followed
by medium F- concentration. The PLFA 18:1ω9c,
which is a signature fatty acid of cyanobacteria,
green algae and fungi, was relatively higher under
medium level of soil F- concentration. Other PLFA
proportions showed an increase in both medium
and high level of soil F- concentration.
Principal component analysis
The coordinates plot in Fig. 2 illustrates the
difference in the PLFA composition under three levels of F- concentration, where PC1 and PC2 account
for 75.4% and 24.3% of the variation, respectively. The medium F- level data formed a cluster and
had positive scores for PC2, whereas data points for

Results
Phospholipid fatty acids (PLFAs) in Fcontaminated soil.
The soil under different F- concentrations
contained various PLFAs composed of straight,
branched, monounsaturated fatty acids, polysaturated fatty acids, dimethyl acetal and methyl branched
fatty acids, and branched chain fatty acids (Fig. 1).
Eleven PLFAs with chain lengths ranging
from C12 to C24 were identified. The PLFA patterns
varied in response to different F- levels as revealed
by their relative abundance. For example, the proportion, expressed as mol% of the branched a12:0
was more in soils of medium F-, whereas the proportion of 12:0 was higher in low F- soil compared
to medium and high F- soil. The mol% of a15:0 and
16:0 were more in low F- soil compared to medium

Fig. 2. PCA showing variations in PLFA pattern
under different F- levels
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low and high F- clusters were away from the other
level and had negative scores for PC1 and PC2. It
was fitting to separate the three F- levels into three
kinds of cluster analysis.
Principal component analysis also identified
fatty acids that were important in explaining the
variability in PLFA profiles (Fig. 3).

The total PLFA in the soil was found to be
adversely affected by increasing F- concentration as
was evident from the exponential fit (Fig. 5)

Fig. 5. Relationship between total PLFA and F- in
soil
Fig. 3. PCA showing loading values for individual
PLFAs

Discussion
PLFA dynamics in F- contaminated soils
Phospholipids are essential membrane components of living cells and are not found in storage
products or dead cells. Under the conditions expected in naturally occurring communities, phospholipids make up a relatively constant proportion of
the biomass of the organisms (Lechevalier, 1989).
PLFA is a commonly used analytical procedure for
the evaluation of soil biological characteristics. In
environmental studies, PLFA analyses have mostly been used to describe microbial communities in
seawater and lake water (Tulind and White, 1992).
Only a few studies have used this approach to detect
changes in the community structure due to different environmental disturbances, especially in soil.
Smith et al. (1986) found a shift towards a more
gram-negative bacterial community in subsurface
sediment contaminated with creosote wastes. An
increase in gram-negative bacteria as well as actinomycetes, due to liming, ash fertilization and
alkaline deposition was indicated by altered PLFA
patterns of different coniferous forest soils (Bååth
et al., 1992; Frostegård et al., 1993). No study has
utilized PLFA profiles as a means to detect changes
in the soil microbial community structure caused by
F-. In the present study, the microbial community in
F- contaminated soils of Kuttanad was assessed using PLFA. The study revealed that different F- levels in the soil have an impact on the community
structure of specific microbial groups. General bac-

Certain specific PLFAs that were identified, including a12:0, 14:1ω7CDMA, 16:1ω4c,
18:1ω9c, 21:0 and a24:0, were found in the righthand side in the plot. It was evident from the plot
that medium level of F- in the soil did not affect certain gram-negative bacteria as indicator fatty acids
a12:0, 14:1ω7CDMA, 16:1ω4c are characteristic of
gram-negative bacteria (Zelles, 1999; Buckeridge
et al., 2013). Similarly, the indicator fatty acids
18:1ω9c for cyanobacteria, green algae and fungi
(Bühring et al., 2014) were not affected by medium
level of F- concentration in the soil. However, the
fatty acids for certain gram-negative bacteria (12:0,
18:0), general bacteria (15:0, 16:0) were negatively
affected by F- concentration even at a lower level. The proportion of fatty acids was the highest
109.43% under low F- soil, whereas the lowest was
91.94% in high F- soil (Fig. 4).

Fig. 4. Proportion of fatty acids corresponding to
microbial groups
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teria and actinomycete PLFA a15 16:0 18:0 showed
the highest abundance in low F- soils, whereas most
gram-negative bacteria, cyanobacteria and fungal
PLFA a12 16:1ω4c increased in medium F- soil and
most PLFA decreased or vanished in high F- soil. A
predominance of gram-negative over gram-positive
bacteria is often found in metal contaminated soils
(Doelman 1985; Duxbury, 1985). In this study,
some evidence of similar shift was indicated by a
decrease in PLFA, suggesting that the status of Fcan change the structure of microbial communities
in Kuttanad soils.
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Conclusion
This method can be used to detect changes
in soil microbial community structure and can be
used for a wide range of soil types. Though some of
the changes found in PLFA patterns were restricted
mainly to one of a few signature fatty acids, these
were interpreted as changes in the proportions of
some major groups of organisms in soil samples.
PLFA analysis can thus be considered a fast and
reliable method for the limited detection of overall changes in the microbial community structure
strengthening their use as a bioindicator of environmental stress.
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Abstract
Enterococcus species have now emerged as leading causes of nosocomial infections. Speciation and
antibiotic susceptibility testing (AST) are needed for these organisms due to their increasing resistance to
various antibiotics. As geographic diversity contributes to varied resistant patterns in these organisms, the
present study was conducted with the objective to analyse the prevalence, clinicodemographic profile, and
speciation of enterococci from various clinical samples, and to assess their antimicrobial resistance (AMR)
pattern at our setting. A prospective observational study was carried out for a period of six months at a tertiary
care hospital in Telangana, India. Clinical samples which showed growth of pathogens during the study period were included. Enterococcus spp. were identified by appropriate biochemical tests followed by AST. 106
Enterococcus spp. were isolated among 1864 samples with growth during the study period. Prevalence of enterococcal infections was 5.6%. Male population, age distribution (31-40 yrs), gynaecology ward inpatients,
and urine samples had significant (p value <0.05) enterococcal isolation. Enterococcus faecalis (61.3%) was
the commonest isolate. High-level streptomycin (HLS) resistance was 33.01% and high-level gentamicin
(HLG) resistance was 37.7%. Although resistance to commonly used antibiotics was high, vancomycin resistance was only 6.6%, and linezolid resistance was 0% at our setting. The clinicodemographic profile of
patients has to be scrutinized when dealing with enterococcal infections. There is geographic variation in the
resistance patterns of enterococci, which needs to be addressed before institution of definitive therapy. Speciation not only helps epidemiology, but also guides in tracking resistance patterns emerging among them.
Keywords: Enterococcus spp., antibiotic susceptibility testing (AST), antimicrobial resistance (AMR),
vancomycin, vancomycin resistant Enterococcus (VRE).
Резюме
Eнтерококите са водещи причинители при вътреболничните инфекции. Поради тяхната
нарастваща резистентност към различни антибиотици е необходимо тестиране на специфичността
и чувствителността им към антибиотици (AST). Тъй като географското разнообразие допринася за
различни модели на резистентност при тези микроорганизми, настоящото проучване е проведено с
цел да се анализира разпространението, клинично-демографския профил и видовата характеристика
на ентерококи от различни клинични проби и да се оцени моделът на тяхната антимикробна
резистентност (AMR). За период от шест месеца е проведено проспективно обсервационно
проучване в болница за третични грижи в Телангана, Индия. Включени са клинични проби, които
показват растеж на патогени през изследвания период. Видовете ентерококи са идентифицирани
чрез подходящи биохимични тестове, последвани от AST. Изолирани са 106 вида ентерококи от
общо 1864 проби. Разпространението на ентерококовите инфекции е 5.6%. Половото и възрастовото
разпределение (31-40 години), пациентите в гинекологичното отделение и пробите от урина
показват значитело достоверно (р <0.05) изолиране на ентерококи. Най -често срещаният изолат е
Enterococcus faecalis (61.3%). Резистентността към HLS (високо ниво на стрептомицин) е 33.01%, а
резистентност към HLG (високо ниво на гентамицин) е 37.7%. Въпреки че резистентността към често използваните антибиотици е висока, резистентността към ванкомицин е само 6.6%, а резистентността към линезолид е 0%. Клинично-демографският профил на пациентите трябва да се изследва
* Corresponding author: id–dhanashreeltmmc@gmail.com
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внимателно при наличие на ентерококови инфекции. Съществуват географски различия в моделите
на резистентност на ентерококите, които трябва да бъдат разгледани преди въвеждане на окончателна терапия. Видовата характеристика не само помага на епидемиологията, но е и ръководеща при
проследяването на възникващите модели на резистентност.
Introduction
Group D Streptococci includes Gram-positive cocci, of which the genus Enterococcus is clinically significant. These organisms are normal residents of the gastrointestinal, biliary and urogenital
tracts in humans (Ross, 2006; Rasovic, 2018). With
19 species within this genus, Enterococcus faecalis
contributes to the majority of infections - up to 8090%, followed by Enterococcus faecium 10-15%,
Enterococcus avium, Enterococcus casseliflavus,
Enterococcus durans, and Enterococcus gallinarum (Udo et al., 2003; Upadhyaya et al., 2009). This
speciation helps not only in evidence-based diagnosis, but is particularly useful with regard to treatment, as beta lactamases are now widespread in this
genus and glycopeptide resistance to vancomycin
can result in therapeutic failure in treating urinary
tract infections, hospital acquired bacteraemia and
endocarditis caused by this organism (Gordon et
al.,1992; Low et al., 2001). Although Escherichia
coli is the most common pathogen causing community acquired or nosocomial urinary tract infections
(UTI), the Centers for Disease Control and Prevention (CDC) mention Enterococcus spp. as the second most common causative agent of nosocomial
UTI next to it in a survey (Oberoi and Aggarwal,
2010; Aljicevic et al., 2019). Treating enterococcal
infections is one of the greatest challenges faced
by clinicians of 21st century. This is due to the increasing resistance in this organism, which can be
intrinsic or acquired. The drug used for empirical treatment of enterococcal infections is usually
beta-lactam antibiotic. Vancomycin is clinically
indicated in serious infections when the patient
does not respond to preliminary antibiotics like
beta-lactams or has beta-lactam allergy (Kristich
et al., 2014). Thus, antibiotic susceptibility testing
(AST) is obligatory, as it guides in initiating antibiotics and aids in evidence-based treatment. VanA
gene cluster, which is carried on transposons or via
conjugative plasmids, is responsible for vancomycin resistance, which can otherwise be inducible
also (Salem-Bekhit et al., 2012).
Many literature sources make reference to the
emergence of glycopeptide resistance like vancomycin-resistant enterococci (VRE) and high-level aminoglycoside resistance (HLAR) along with
methods to detect the resistance genes involved.

Studies of antimicrobial susceptibility patterns are
now referred to as antimicrobial resistance (AMR)
studies due to the huge shift from susceptible to resistant bacterial populations (Jaiswal et al., 2017;
Naruka et al., 2019). The World Health Organisation (WHO) has declared antimicrobial resistance
(AMR) as one of the top ten global threats facing
humanity, which requires urgent collaboration at
multisectoral level. This issue has its grave consequences on patients, as it increases the cost, length
of hospital stays, and causes adverse outcome of patient recovery (Schouten et al., 2000). Not only the
presence of beta-lactamase genes, van genes circulating in Enterococcus contribute to resistance, but
also different geographic locations have varied resistance patterns due to diverse antibiotic prescribing policy by general practitioners and disparity in
empirical treatment being initiated for infections
caused by this microbe (Gangurde et al., 2014).
Thus, there is a need to know their resistance pattern so that early treatment can be initiated, as VRE
poses a great challenge in clinical settings. Hence,
the present study was undertaken with the aim to
check the antimicrobial resistance (AMR) pattern
in enterococci at our setup along with clinicodemographic profile, prevalence, and its speciation from
various clinical samples. The aim was to study the
prevalence, clinicodemographic profile, speciation
of Enterococci from various clinical samples and to
assess the antibiogram in those isolates.
Materials and Methods
Institutional ethical committee clearance was
obtained before the start of the study. A prospective
observational study was carried out in the Department of Microbiology, Mamata Medical College
and Hospital, Khammam, Telangana, from June
2019 to January 2020, which caters patients mainly
belonging to rural background.
Sample processing
Clinical samples collected in this period were
subjected to Gram stain, ZN stain and special stains
wherever required. All samples were inoculated on
routine media like blood agar and MacConkey agar
for bacterial culture and incubated at 37°C for 1824hrs. Chocolate agar was incubated for 48-72 hrs
in a candle jar. Genus’s identification along with
speciation was done by routine and special biochemical tests for all isolates. Enterococcus spp.
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was identified by colony morphology, catalase test,
growth in 6.5% NaCl broth, PYR test and bile esculin test. Further speciation was performed by motility, sugar fermentation test with mannitol, arabinose,
raffinose, lactose, sucrose, deamination of arginine
on Moellers decarboxylase broth and pigment production on white Dacron swab (Ross, 2006).

were analysed using SPSS Statistics for Windows,
version 16.0 (SPSS Inc., Chicago, Ill., USA) (SPSS
Inc, 2007). The results were described using mean
standard deviation and percentages. A chi-square
test of independence was performed to examine the
relation between categorical variables. The relation
between these variables was considered statistically significant if p<0.05.

Antibiotic susceptibility testing
This was carried out by Kirby Bauer disc
diffusion method on Muller Hinton agar (MHA)
plates with broth turbidity matching 0.5 McFarland
standard as per CLSI 2019-2020 guidelines. Antibiotic discs required for testing AMR testing were
procured from Himedia (Mumbai, India). ATCC E.
faecalis 25912 was used for quality control (QC)
check on MHA plates. Plates were inoculated and
incubated at 37°C for 16-18 hrs for all antibiotics
except for vancomycin, where incubation was extended to 24 hrs. The plates were read with reflected
light a few inches above black background except
for vancomycin, which was read under transmitted
light. The area showing no obvious, visible growth
to unaided eye was considered as zone diameter.
Those isolates which showed intermediate and resistant zones with vancomycin were further subjected to Epsilometer (E MIC strip) test procured
from Himedia (Mumbai, India) on Muller Hinton
agar plates for 24 hrs and results were reported as
per MIC values

Results
Epidemiological profile
Among the 1864 culture positive samples
during the study period, 106 Enterococcus spp.
were isolated. Prevalence of the Enterococcus spp.
in our institute was 5.6%. A chi-square test of independence showed that there was a significant
association between sex and enterococcal isolates,
χ2 (1, N=1864)=10.631, p=0.0011, with male population showing increased isolation. There was also
a significant association between age and enterococcal isolates, χ2 (5, N=1864)=12.01, p=0.03467,
with the 31-40 yrs age group showing more isolation. Though the enterococcal isolates did not differ
significantly by overall clinical settings (outpatient
department (OPD)/inpatient department (IPD)), χ2
(1, N=1864)=2.21, p=0.1370, there was a significant association between different inpatient wards
and enterococcal isolates, χ2 (4, N=1864)=92.36, p
<.0001, showing gynaecology patients harbouring
more infection. There was a significant association
between the type of sample and enterococcal isolates, χ2 (3, N=1864)=26.710, p <.0001. Among the
106 enterococcal isolates obtained, urine samples
(86, 81.13%) had the highest enterococcal isolates
followed by pus (17, 16.04%), blood (2, 1.89%),
and ET aspirate (1, 0.94%) (Table 1).

Reporting based on CLSI guidelines:
The following antibiotics were interpreted as
per the Clinical and Laboratory Standards Institute
(CLSI, 2019).
Group A = penicillin and ampicillin (for all
clinical isolates)
Group B = vancomycin and linezolid (for all
clinical isolates)
Group C = high-level gentamicin resistance
(HLG), high-level streptomycin resistance (HLS),
doxycycline (for all clinical isolates).
Group U = ciprofloxacin, levofloxacin, nitrofurantoin (Primarily/used only for urinary isolates)
and fosfomycin (for urinary isolates of E. faecalis
only).
HLG and HLS resistance was detected when
the organism showed no zone, was inconclusive for
7-9 mm, and susceptible if >10 mm diameter was
measured on AST (mentioned separately as Table
3J in CLSI).

Speciation
Overall E. faecalis (61.3%) was the predominant species isolated in our setting followed
by E. faecium (25.4%), E. gallinarum (3.7%), E.
raffinosus (2.8%), E. durans (2.8%), E. casseliflavus (2.8%), and E. avium (0.9%) (Table 2).
Figure 1 depicts the distribution of various
enterococcal isolates in clinical samples. E. faecalis
was the most predominant isolate from urine, pus,
blood, and ET aspirate followed E. faecium.
Antibiogram
Figure 2 depicts the antimicrobial resistance
(AMR) pattern of enterococcal isolates to various antimicrobial agents. Resistance to penicillin
was 86.7% (92/106) and to ampicillin was 83.9%
(89/106). None of the isolates was resistant to linezolid (0/106). Nitrofurantoin was tested for urinary

Statistical analysis
Data were coded and entered into Microsoft
Excel 2019 (v16.0) (Microsoft, 2019). The data
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Table 1. Clinicodemographic profile of patients (n=1864)
Characteristics
Sex
Male

Frequency

Negativeϯ
(%)

Positiveϯ
(%)

χ2* (df)

p-value*

1102

65 (5.9)
41 (2.76)

10.631
(1)

0.0011**

762

1017
(92.29)
741 (97.24)

43
93
822
618
176
112

38 (88.37)
85 (91.40)
781 (95.01)
591 (95.63)
160 (90.91)
103 (91.96)

05 (11.63)
08 (8.60)
41 (4.99)
27 (4.37)
16 (9.09)
09 (8.04)

12.01
(5)

0.03467**

995
869
11
478

931 (93.57)
827 (95.17)
09 (81.82)
462 (96.65)

64 (6.43)
42 (4.83)
02 (18.18)
16 (3.35)

2.211
(1)
92.36
(4)

0.1370

Female
Age (in completed years)
<18
18-30
31-40
41-50
51-60
>60
Department
OPD
IPD
IPD 1 Paediatric ward
IPD 2 Gynaecology
ward
IPD 3 Medicine ward
IPD 4 Surgery ward
IPD 5 Orthopaedics
ward
Samples
Urine

351
19
10

339 (96.58)
11 (57.89)
06 (60.00)

12 (3.42)
08 (42.11)
04 (40.00)

1098

86 (7.83)

Pus
Blood
ET aspirate

691
71
04

1012
(92.17)
674 (97.54)
69 (97.18)
03 (75.00)

17 (2.46)
02 (2.82)
01 (25.00)

26.710
(3)

< 0.00001**

< 0.00001**

Note: ϯ for Enterococcus isolation, *Chi-square test for independence, **statistically significant (p<0.05).
Total samples with growth - 1864, Enterococcus spp. Isolated - 106
Table 2: Distribution of Enterococcus spp. in various samples
E.
faecalis

E.
faecium

E.
gallinarum

E.
raffinosus

E.
durans

E.
casseliflavus

E.
avium

54

21

2

3

3

2

1

9

5

2

-

--

1

1

1

-

-

-

-

1

-

-

-

-

-

65
(61.3)

27
(25.4)

4
(3.7)

3
(2.8)

3
(2.8)

3
(2.8)

Urine (n=86)
Pus
(n=17)
Blood (n=2)
ETϯaspirate
(n=1)
Total=106

1
(0.9)

ET= Endotracheal

ϯ

33.01% (35/106) and high-level gentamicin (HLG)
resistance was 37.7% (40/106) at our setting.
Image 1 shows antibiotic susceptibility testing
done as per CLSI guidelines for E. faecalis on
Muller Hinton agar plate (100 mm) by Kirby Bauer
disc diffusion method with six antibiotic discs.
Although resistance to commonly used antibiotics was high in our setting, one interesting ob-

isolates only, with 30.23% (26/86) of the isolates
showing resistance. Fosfomycin was tested for
urinary isolates of E. faecalis only, which showed
29.62% (16/54) resistance. Fluoroquinolones and
tetracycline resistance was high, with ciprofloxacin 71.6% (76/106), levofloxacin 67.9% (72/106),
and doxycycline 69.8% (74/106) at our setting.
High-level streptomycin (HLS) resistance was
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Fig. 1. Distribution of Enterococcus spp. isolated from various samples

Fig. 2. Antibiogram of Enterococcus spp., P=Penicillin, AMP=Ampicillin, VA=Vancomycin, LZ=Linezolid,
CIP=Ciprofloxacin, LE=Levofloxacin, HLG=High level gentamicin, HLS=High level streptomycin,
DO=Doxycycline, FO=Fosfomycin, NIT=Nitrofurantoin.
servation was the resistance to vancomycin, which
was unexceptionally low. On a total of seven (7)
isolates, of which three isolates showed complete
resistance on disc diffusion method and four isolates showed intermediate resistance pattern, vancomycin E MIC strip test was performed. All isolates had Minimum Inhibitory Concentration (MIC)
breakpoint of ≥ 32µg/ml, indicating vancomycin
resistance. Vancomycin resistant Enterococcus
(VRE) isolation at our setting was 6.6% (7/106).

Thus, VRE was much less (6.6%) compared to
HLG (37.7%) and HLS (33.01%) resistance at our
setting. E. faecium showed the highest vancomycin
resistance followed by E. faecalis.
Discussion
The epidemiological pattern of enterococci
varies with different geographic locations (Gangurde et al., 2014). Once susceptible, this genus has
now acquired widespread resistance with many literature sources mentioning antimicrobial resistance
patterns, characterization and phenotyping methods as a title (Jaiswal et al., 2017; Naruka et al.,
2019). The prevalence of enterococci in our study
was 5.6%, which was high compared to Mukherjee et al. (2016), which was 4.8% and Sreeja et al.
(2012), which was 2.3%, and less compared to Desai et al. (2001), which was 22.19 % and Jada and
Jayakumar (2012), which was 15.46%.
The present study showed significant distribution of enterococcal isolation with sex (p val-

Image 1: Antibiotic susceptibility testing (AST) of
E. faecalis on Muller Hinton agar plate by Kirby
Bauer disc diffusion method.
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to other studies (Mittal et al., 2016; Maradia et al.,
2017). The incidence of nitrofurantoin (30.23%)
and fosfomycin (29.62%) resistance was comparatively less in urinary isolates, which is comparable to the study done by Butch et al. in 2011 but
contrasts the study by Balan et al. in 2016. None
of the strains was resistant to linezolid, which is
comparable to most of the studies conducted in India (Srivastav et al., 2013; Lavanya et al., 2016).
In 1986, the first case of VRE was observed and
reported from Europe (Leclercq et al., 1988). Since
then, many cases of VRE are being increasingly
reported from many parts of the world. India also
started reporting VRE from the early 20th century,
when few cases were observed in the beginning and
later on their number increased (Vidyalaxmi et al.,
2012). In the present study, the most notable finding
was VRE, which was 6.6%, which contrasts with
most of the recent studies published on enterococci
but similar to the study done by Balan et al. (2016),
Ferede et al. (2018), Asgin et al. (2020), and Gupta et al. (2020). One of the reasons in the present
setting which may contribute to this antimicrobial
pattern may be due to hospital antibiogram policies
prescribing lesser use of vancomycin, which could
be due to its non-affordability for the patients.
Thus, geographic location matters for AMR in enterococci due to the local prescribing policy based
on affordability for patients. If followed properly,
mandatory AST, speciation, antimicrobial stewardship along with infection control practices play a
significant role for reducing resistance in Enterococcus – a process which has a long way to go.

ue<0.05), with male patients showing higher isolation. Studies done by Ferede et al. (2018) and by
Salem Bekhit et al. (2012) showed no significant
association of sex with enterococcal isolation, although male population was predominant in their
study. The 31 to 40 years age group was associated with increased enterococcal isolation, showing
a significant p value (<0.05) in the present study
in contrast to studies done by Balan et al. (2016),
which had 21-40 years age group affected, and
Ferede et al. (2018), where >59 years age group
was more commonly affected. IPD and OPD patient distribution was insignificant although gynaecology ward patients in the present study had higher isolation of enterococcal isolates followed by
medicine ward and surgery ward with a statistically
significant p value (<0.05). Although the distribution among IPD and OPD was insignificant, nosocomial infection by enterococcus was observed in
the present study as among IPD patient distribution
was significant. Medical ward patients had higher
enterococcal isolation in the study done by Ferede et al. (2018), which contrasts with the present
study. Isolation of enterococci was the highest in
urine samples followed by pus, blood, and endotracheal (ET) aspirates. This study is comparable to
studies done by Karmarkar et al. (2004), Anbumani
et al. (2005) and Mukherjee et al. (2016) where Enterococci were isolated predominantly from urine
samples. Thus, the clinicodemographic profile contributes significantly when dealing with Enterococcus spp. at any clinical setup, which is routinely
ignored.
E. faecalis was the predominant isolate in the
present study followed by E. faecium, E. gallinarum, E. raffinosus, E. durans, E. casseliflavus, and
E. avium, which is similar to the study done by
Salem-Bekhit et al. (2012), and Mukherjee et al.
(2016). E. faecium was reported to be predominant
species in a study done by Aberna in 2018, which
contrasts to the present study.
The Enterococcus spp. are intrinsically resistant to many antibiotics. They also develop resistance very quickly compared to other organisms, resulting in increased nosocomial infections (Morris
et al., 1995). Among 106 isolates tested in the present study, resistance to beta lactams, fluoroquinolones, tetracyclines(doxycycline) was 86.7%, 71.6%,
and 69.8%, which was high compared to other
studies (Mendiratta et al., 2008; Parameswarappa
et al., 2013). High-level resistance to streptomycin
and gentamicin was 33.01% and 37.7%, respectively, which was also considerably higher compared

Conclusion
There was 5.6% prevalence of enterococcal
isolation in the present study, significant association of clinicodemographic profile of patients with
enterococcal infections and high level of resistance
to routinely used antibiotics with the exception of
vancomycin and linezolid. Routine screening of all
enterococcal isolates as per CLSI is recommended
due to evolving resistance in this organism by multiple mechanisms and due to widespread geographical variation.
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Abstract
Earthworms, which represent the first animal mass, play an important role in improving soil fertilization and biological properties of the rhizosphere. In the present investigation, the authors were interested
in studying the post-mortem effect of this considerable biomass on the growth of soil bacteria. Therefore,
the effect of crude extracts of freshly harvested earthworms (FHE) and of earthworms starved for 10 days
(FE) on the growth of two bacterial strains, Escherichia coli and Pseudomonas fluorescens was investigated
in vitro. The efficiency of these two extracts was compared at different concentrations with a conventional
medium (NA). The results showed that the efficiency of FHE and FE extracts on bacterial growth was significantly (P <0.05) greater than that of the NA medium. The optimal concentration of the extracts for E.
coli and P. fluorescens was, respectively, 2 and 33.33 times lower than the conventional medium. Moreover,
the growth rate at those concentrations was more than 3 times greater. Thus, the FHE and FE extracts would
be richer in more diverse nutrients and growth factors. Furthermore, the efficiency of the FE extract was,
at all concentrations, higher than the FHE extract, which proves that the nutrients are mainly endogenous
to earthworms.
Keywords: earthworms, Pseudomonas fluorescens, fertility, soil, nutriments.
Резюме
Земните червеи играят важна роля за подобряване на почвеното плодородие и биологичните
свойства на ризосферата. В настоящото изследване авторите се фокусират върху изучаването на
ефекта на тази биомаса върху растежа на почвените бактерии. Ефектът на екстракти от прясно
събрани земни червеи (FHE) и на земните червеи, гладували в продължение на 10 дни (FE) върху
развитието на два бактериални щама, Escherichia coli и Pseudomonas fluorescens е изследван in vitro.
Ефективността на тези два екстракта се сравнява при различни концентрации с конвенционална
среда (NA). Резултатите показват, че ефективността на екстрактите от FHE и FE върху растежа на
бактериите е значително по-голяма (P <0,05) от тази на средата с NA. Оптималната концентрация на
екстрактите за Е. coli и P. fluorescens е съответно 2 и 33.33 пъти по-ниска от конвенционалната среда.
Освен това, скоростта на растеж при тези концентрации нараства повече от 3 пъти. Това предполага,
че екстрактите от FHE и FE са по-богати и по-разнообразни на хранителни вещества и растежни
фактори. Ефективността на екстракт от FE е по-висока при всички концентрации от тази на екстракт
от FHE, което доказва, че хранителните вещества са предимно ендогенни за земните червеи.
Introduction
The functioning of terrestrial ecosystem is
highly dependent on bacterial activity. In fact, soil
bacteria are effectively involved in the decomposi-

tion and matter recycling processes. In agriculture,
plant growth-promoting rhizobacteria (PGPR) enhance the availability and uptake of nutrients by
plants and limit the spread of pests (Sellan et al.,
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2020) mineral fertilizer (NPK. Soil bacteria interact with earthworms, which are the main soil
animal biomass. This interaction is essential for
the natural improvement of soil fertility (Wu et
al., 2012). These burrowing animals are involved
in the dynamics of bacterial populations and ensure, through the gut, their dispersion in the soil
(Picón et al., 2015; Aira, 2018). Moreover, earthworms may affect bacterial populations directly
by feeding and digestive processes or indirectly
by burrowing and casting activities. Parle (1963)
has already reported the richness of earthworm’s
excrement (casts) with microbial populations.
Therefore, earthworms provide an ideal environment for enhanced activity levels and multiplication of bacteria.
Endogenic species of earthworms are much
more likely to affect PGPR bacterial communities
because they live, surrounding plant roots, in the
rhizosphere matrix. In addition, they tend to build
more permanent and deeper burrows, which maintain contact between beneficial soil bacteria and
roots. Furthermore, the ability of earthworms to
stimulate bacterial activity and increase bacterial
populations depends greatly on the earthworm’s
special range of activity (Edward, 2004).
In this study, the post-mortem effect of
earthworm cadaver decomposition on bacterial
proliferation was investigated. In order to avoid
any interference with soil nutrients, all experiments were carried out in vitro. The crude extracts
of earthworms Aporrectodea molleri (endogenous
earthworm) were prepared from 2 earthworm lots
with the same dry weight: one was freshly harvested (FHE), the other was previously deprived
of food and soil (FE). Starving the earthworms
was necessary to ensure the removal of soil debris
present in their digestive tract. From these two
crude extracts, bacterial culture media were prepared at different concentrations. The efficiency
of each extract was evaluated by, simultaneously,
the relative concentration of soluble matter and
the relative growth of bacteria.

provement of soil productivity and Environment
(LAPSE) of Rabat (Morocco). It was identified by
sequencing the DNA gene corresponding to 16S
rRNA in the National Centre for Scientific Research of Rabat (CNRST).
Preparation of crude earthworm extracts
The first lot of earthworms freshly harvested
(FHE) of fresh weight: FW = 100g, was submersed
in a container filled with pure methanol and placed
in an oven (70°C). After the total evaporation of
water and methanol, the lot of dry earthworms
was ground into powder and then weighed to determine the dry weight (DW). The extraction was
carried out in an oven at 70°C by maceration in
successive baths of distilled water. In each maceration, the brown macerate (supernatant) was gently recovered, and then the maceration baths were
continued in the same way until the final macerate became transparent. The successive macerates
were accumulated and then doubly filtered; first
on glass cotton and then on Whatman paper. The
filtrate was evaporated in an oven (70°C) and then
weighed to determine the dry weight. This dry residue, consisting entirely of water-soluble material, represented the crude extract of the FHE lot
(DWCE, FHE) from which culture media were prepared by successive dilutions in distilled water.
The second lot of earthworms (FE) was
quickly rinsed with deionized water and then
starved for 8 to 10 days in earthen pots without
food or soil. At the end of the fast, the earthworms
were quickly rinsed with deionized water and
dried. The fresh weight of FE lot must be equal to
that of FHE, i.e., FW = 100g. The crude extract of
this 2nd lot of FE was prepared according to the
same protocol as the crude extract of the first lot of
FHE. As before, the dry weight of the FE (DWFE)
lot was determined as well as that of the soluble
residue of its crude extract (DWCE, FE).
Preparation of bacterial culture media (FHE and
FE)
Eight g dry weight of crude earthworm extract from the first lot (FHE) and the second lot
(FE) were weighed separately. Each quantity was
dissolved in 200 mL of distilled water. The pH of
the two solutions, which was acidic (pH=4), was
adjusted to neutral pH at the same pH value as that
of the conventional NA medium. This adjustment
was necessary to discard the effect of pH on bacterial growth. The 200 mL of FHE and FE solutions
were each divided into 2 volumes of 100 mL. The
first volume (100 mL) constituted the C1 culture

Materials and Methods
Biological material
Earthworms: A. molleri was harvested in
the region of Akrach about 20 km south-east of
Rabat (Morocco). Bacteria: the strain Escherichia
coli ATCC 25922 was loaned to us by the National
Institute of Hygiene (INH) of Rabat (Morocco);
the strain Pseudomonas fluorescens belongs to
the collection of our laboratory: Earthworm, Im158

medium at 4%. The second volume (100 mL) was
adjusted to 200 mL with distilled water. After homogenization, this volume was divided into two;
the first volume constituted the C2 culture medium
at 2%, i.e., a dilution factor (Fd) equal to 2X. The
2nd remaining volume (100 mL) was diluted in the
same way as above to obtain the C3 medium at 1%;
Fd = 4X. The series of successive dilutions continued in the same way for the two extracts solutions
until the culture media C4 was obtained at 0.5%
(Fd = 8X), C5 at 0.25% (Fd=16X), C6 at 0.12%
(Fd=32X), C7 at 0.06% (Fd=64X) and C8 at 0.03%
(Fd=128X). The two series of culture media FHE
and FE were used in solid form.

when at the concentration of the FHE or FE extract,
which was less than or equal to that of NA medium,
a maximum growth greater than or equal to that of
the NA medium was obtained.
Analysis of statistical data
The data concerning the average number of
colonies formed (NCF) were submitted to ONE
WAY ANOVA (SPSS software version 22) in accordance with the experimental models. Significant
differences were determined at a probability level
of 0.05 and Tukey’s multiple comparison test was
used to compare the means. All data were expressed
as means ± standard error.
Results

Preparation of conventional culture medium (NA)
The effect on bacterial growth of culture media (C1, ..., C8) based on earthworm extracts (FHE
or FE) was compared to that of conventional medium: Nutrient Agar (NA). This conventional medium consisted of 2% of nutritive material assimilated at neutral pH.

Yield of earthworm crude extract
The preparation of the earthworm crude extracts (CE) according to the protocol indicated in
this study made it possible to find interesting information. All of this information is presented in
Table 1. The preparation of the crude extracts was
carried out from two lots of earthworms with the
same fresh weight (FW = 100g). The first lot was
freshly harvested from the field (FHE). The second
lot were deprived of food and soil for 10 days until
elimination of the digestive content (FE).

Bacterial inoculation, growth parameters and
efficiency parameters
A 10X dilution series was carried out from
the E. coli and P. fluorescens suspensions in order
to obtain between 30 and 300 colonies/dish. From
the selected bacterial suspension, 0.1 mL was deposited and spread in solid medium. The Petri dishes were incubated for 24 hours at 37°C for E. coli
and at 30 C for P. fluorescens. Bacterial growth
was determined by the average number of colonies
formed per dish (NCF). The efficiency of the FHE
or FE extract (EFHE or EFE) was expressed compared
to the conventional NA medium by two parameters:
 relative concentration (RC) - the concentration
of the FHE or FE extract (CFHE or FE) relative to the
concentration of the NA medium (CNA)
RC = (CFHE ou FE/CNA)×100
 relative growth (RG)- the growth in the FHE
or FE extracts media (GFHE ou FE) compared to growth
in the conventional NA media (GNA).
RG = (GFHE ou FE/GNA)×100
The FHE or FE extract was said to be effective or more effective than the conventional NA
medium when RC was less than or equal to 100%
(Concentration of the extract was less than or equal
to that of the NA medium) and RG was higher than
or equal to 100% (Growth in extract was greater
than or equal to that in NA medium). The FHE or
FE extract was described as ineffective when RC
and RG did not meet the efficiency conditions mentioned above. Optimal efficiency was designated

Table 1. Summary of the data obtained during the
preparation of the crude extracts of freshly harvested earthworms from lot (FHE) and previously deprived of soil and food (FE).

FW: Fresh weight (g)
DW: Dry weight (g)
FW-DW
Water content (g or %)
DWFHE-DWFE
Contents of the digestive tract
(g or %)
DWCE
Dry weight of crude extracts
(g or %)

Earthworm lots
FHE
FE
100
100
25
19
75
81
(75%) (81%)
6
(24%)
11
13
(44%) (68.4%)

The dry weight (DW) of the FHE and FE
lots was 25 g and 19 g, respectively. The difference
between fresh and dry weight (FW-DW) of the
earthworm lots gave the water content expressed in
grams or in percentages, either 75 g or (75%) for
FHE, and 81 g or (81%) for (FE). The difference in
water content between the two lots was related to
the quantity, in dry weight, of solid detritus of the
digestive content of FHE. This quantity was evalu159

ated by the difference of the dry weights of the two
lots (DWFHE-DWFE), which was equal to 6 g, representing 24% of the dry weight of this lot. Finally,
the quantity, in dry weight, of the crude extracts of
earthworms (DWCE), consisting only of water-soluble matter, was 11 g or 44% of the dry weight of the
FHE lot and 13 g or 68.4% of the dry weight of the
lot FE. It was noted that the FE lot contained more
soluble matters than the FHE lot.

or equal to 100% and by the relative growth RG,
which had to be greater than or equal to 100%. In
the effective zone between C3=1% to C7=0.O6%,
the relative RC concentration of FHE varied from
50% to only 3% of that of NA media. The relative
RG growth ranged from 321.32% to 97.04%. Optimal efficiency was observed at C3=1%, where
growth was maximum (NCF=181 colonies/dish).
At this concentration, representing only half that of
the NA media (RC=50%), the relative growth was
RG=321.32%. The NCF at concentrations C1, C2
and C8 was significantly different and lower than
that obtained in NA. For the P. fluorescens strain,
growth was void at the high concentrations ranging from C1=4% to C4=0.5%. From C5=0.25%, the
growth became noticeable, then reached a maximum of 165.3 colonies/dish at C7=0.06%. Optimal efficiency was obtained at concentration C7
= 0.06%, where the growth was maximum (165.3
colonies/dish). At this concentration, which represents a RC of only 3% of the NA medium, a relative
growth RG=244.17% was obtained.

Effect of freshly harvested earthworm extract
(FHE) on bacterial growth
The effect of the crude extract FHE at different concentrations Cn (C1 = 4%, ..., C8 = 0.03%) on
the growth of E. coli and P. fluorescens gave the
results presented in Table 2. For the E. coli strain,
the average number of colonies formed increased
as the concentration of the FHE extract decreased,
to reach a growth of NCF = 181 colonies/dish at
concentration C3=1%.
The growth then gradually decreased below
C3, until reaching a low value of 42 colonies/dish
at concentration C8 = 0.03%. Also, the growth decreased significantly at concentrations above C3.
The effectiveness of the FHE extract compared
to the conventional NA medium (EFHE) was determined by simultaneously comparing the relative concentration RC, which had to be less than

Effect of starved earthworm extract (FE) on
bacterial growth
The effect of the crude FE extract at different
Cn concentrations (C1, ..., C8) on the growth of E.
coli and P. fluorescens gave the results presented in

Table 2. Growth of E. coli and P. fluorescens in solid media based on crude extract of freshly harvested
earthworms (FHE) at different concentrations (Cn: g/100ml).
Solid media based on crude extract earthworm (FHE) at different concentrations (Cn)
C1=4%

E. coli

NCF a
RC c
(%)
EFHE/NAb

RG d
(%)

P. fluorescens

NCF
RC c
(%)

C2=2%

C3=1%

C4=0.5%

C5=0.25%

C6=0.12%

NAe

C7=0,06%

C8=0.03%

30±1.15a 35±2.8ab 181±1.52f 77.33±1.76e 74.33±3.71e 67.333±1.2de 54.66±2.9c

42±3.05b

56.33±2.02cd

200

100

50

25

12.5

6

3

1.5

100

53.26

62.13

321.32

137.28

131.95

119.53

97.04

74.56

100

0

0

0

0

35.7±2,3a

143±3.5c

67.7±1.2ab

-

-

-

-

12.5

6

1.5

100

-

-

-

-

52.73

129.54

211.23

100

87.7±11.8b 165.3±12.7c

3

EFHE/NA b
RG d
(%)

244.17

Average number (± standard error) of colonies formed. bEffectiveness of the FE extract. cRelative concentration. dRelative growth. eNutrient Agar. The letters are significantly different at the confidence level of
0.05 between culture media (Degree of significance by Tukey test (p≤0.005)).
a
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Table 3. Growth of E. coli and P. fluorescens in solid media based on crude extract of earthworms previously deprived of soil and food (FE) at different concentrations (Cn: g/100ml).
Solid media based on crude extract of earthworm (FE) at different concentrations (Cn)

E. coli

NCF a

EFE/NA

(%)
RG d
(%)

P. fluorescens

NCF
RC c
EFE/NAb

C2=2%

C3=1%

C4=0,5%

72,67

186

221,33

101,67

75

(%)
RG d
(%)

C5=0,25% C6=0,12% C7=0,06% C8=0,03%

±4,09

±12,4

±9,61

±10,92

200

100

50

129,01

330,20

0

72,33

69,67

50

±5,5

±5,36

±2,72

±2,31

±2,02a

25

12,5

6

3

1,5

100

392,92

180,49

133,14

128,40

123,68

88,76

100

0

0

0

159,66

194,67

352,33

256,7

67,7

±4,3

±8,6

±3,93

±8,2

±1,2a

-

-

-

-

12,5

6

1,5

100

-

-

-

-

235,83

287,55

379,17

100

ab

RC c
b

C1=4%

NA e

c

c

b

ab

b

ab

c

ab

e

3
520,43

56,33
a

d

Average number (± standard error) of colonies formed. bEffectiveness of the FE extract. cRelative concentration. dRelative growth. eNutrient Agar.
a

For E. coli, the average number of colonies formed
increased significantly when the concentration of the
FE extract decreased, reaching a maximum growth
of 221.33 colonies/dish at concentration C3=1%
(Table 3). Below this concentration, the growth
gradually decreased to reach a low value of 50 colonies/dish at C8=0.03%. The zone of efficiency covered the range of concentrations between C2=2% to
C7=0.06%. In this range, the relative concentration
compared to the NA medium (RC) went from 100%
to only 3%, giving a relative growth RG greater than
100%, varying from 330.20% to 123.68%. Optimal
efficiency was obtained at concentration C3 = 1%,
where the growth was maximum (221.33 colonies/
dish). It was noted that only C2, C3 and C4 showed
significantly higher results compared to NA. For the
P. fluorescens strain, the effect of the FE extract was
almost similar to that of the FHE extract. The growth
was void at the high concentrations between C1=4%
and C4=0.5%. The growth suddenly became observable (NCF=159.66 colonies/dish) at C5=0.25% to
reach its peak (352.33 colonies/dish) at C7=0.06%,
then dropped slowly (256.7 colonies/dish) at C8 =
0.03%. This decline did not reach values lower than
those of the NA media.
The efficiency zone extended between
C5=0.25% and C8=0.03%. Optimal efficiency was
obtained at C7=0.06% as for the FHE extract, except that the value of the relative growth was great-

er (RG=520.43%) with an identical value for the
relative concentration (RC=3%). It should be noted
that for all four concentrations (C5, C6, C7 and C8),
the NCF counted was significantly higher compared to the NA medium.
Comparison between the efficiency of FHE and FE
extracts
Figure 1 shows the comparison of the maximum intensities of growth recorded at the optimal
concentrations C3 for FHE, C7 for FE, and CNA for
conventional medium. This figure clearly shows
that the growth of the two bacterial strains was in
all cases (FHE, FE) and in all optimal concentrations (C3, C7) much greater than that obtained in
the NA medium. Furthermore, the FE extract gave
growth values always higher than those of the FHE
extract. It was also noted that while E. coli supported relatively high concentrations because it grew
well at C3=1%, the P. fluorescens strain grew better
at low concentrations (C7=0.06%).
The efficiency of FHE and FE extracts at the
optimal concentrations C3 and C7 is illustrated in
Fig. 2. It can be seen that whatever the nature of the
extract (FHE or FE) and its optimal concentration
(C3 or C7), the RG value was always greater than
100%, signifying that the growth was greater than
that of the NA media. Also, the RC value was always
less than 100%, meaning that the concentration was
lower than the NA medium. For the E. coli strain,
161

Fig. 1. Growth intensities of E. coli and P. fluorescens in conventional NA medium (CNA = 2%) and in media
based on extracts of FHE and FE earthworms at the same optimal concentrations (C3 = 1% and C7 = 0.06%).
The growth rate (NCF) is expressed by the average number of colonies formed per dish.
Discussion
In this study, it was affirmed that the crude
extracts of freshly harvested earthworms (FHE) and
those previously deprived of soil and food for 10
days (FE) have considerable potential for bacterial
growth at much lower concentrations compared to
the conventional NA medium. The media based on
FHE and FE earthworm extracts would therefore be
more diversified in nutrients and growth substances.
At extreme, low or high concentrations of the FHE
and FE extracts, the intensity of growth decreased
or failed depending on the bacterial strain and the
nature of the extract. If at low concentrations the
decrease in growth can be explained by the impoverishment of the media as a result of the dilutions
effect, the decline or inhibition of growth at high

the maximum growth was obtained in the two types
of extracts at the optimal concentration C3=1% corresponding to a relative concentration RC=50%
(half less than NA). At this concentration, the relative growth in FHE extract was RG=321.32% (3.21
times greater than NA) while in the FE extract the
RG was equal to 392.12% (3.92 times greater than
NA). For the P. fluorescens strain, the maximum
growth was recorded at the optimal concentration
C7=0.06% of the extracts FHE and FE. This concentration corresponds to a relative concentration
RC=3% only (33.33 times lower than NA). The relative growth in the FHE extract was RG=244.17%
(2.44 times greater than NA) while in the FE extract
the RG was equal to 520.43% (5.20 times greater
than NA).

Fig. 2. Comparison of the efficiency of crude extracts of freshly harvested earthworms from (FHE) and
earthworms previously deprived of soil and food (FE) on the growth of E. coli and P. fluorescens, in solid
media.
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concentrations could be explained by the excess of
nutrients, particularly vitamins and growth factors,
which are known to have toxic effects at high doses
(Overmann, 2006; Zaidi and Imam, 2008).
The contents of the digestive tract of earthworms were practically not involved in improving
bacterial growth. In fact, if this were the case, the
efficiency of the FHE extract (full digestive tract)
would be greater than that of the FE extract (empty
digestive tract). The content of the digestive tract
was evaluated at 6 g per 25 g dry weight of earthworms (i.e., 24%). This significant quantity consisting mainly of detritus from denser soil mixed
with organic matter would not significantly contribute to the enrichment of the FHE extract. Nutrients
and growth factors are therefore more endogenous
to the earthworm. It was noted that in practically
all concentrations, the efficiency of FE was always
higher than that of FHE. Therefore, the FE extract
would be qualitatively richer than FHE extract.
This unexpected result could be explained by the
impact of the fasting period on the physiology of
the worms. Indeed, the observation of earthworms
deprived of soil and food for 10 days showed that
they did not return to lethargy owing to the relative
humidity in the captivity pots. The activity of earthworms certainly decreased but they remained animated by movements and continued to eject casts
by dejection. Thus, in order to survive, earthworms
would be forced to draw on their reserves to maintain their metabolism active. The mobilization of
reserves stored in the form of large insoluble molecules into small more soluble molecules which
are recoverable by maceration in water and easily
assimilated by bacteria would explain the richness
and additional diversity of the crude extract FE.
The chemical composition of earthworms has
been studied by several researchers. The protein
content of earthworms varies from 32.6% to 67.2%
depending on the species (Damayanti et al., 2008).
Ghatnekar et al. (1995) reported that the dry matter
of earthworms is 7–10% fat, 8–20% carbohydrates,
2-3% minerals, and various vitamins. In addition,
earthworms increase the availability of assimilable
mineral elements for bacteria and plants (Mg (5%),
Ca (4%), Fe (6%) Mn (12%), Cu (6%)) (Devliegher
and Verstraete, 1997). Also, they are able to produce plant growth-promoting substances in the
form of rhizogenic indole compounds (El Harti and
Raouane, 2009).
The results of this study, carried out entirely
in the laboratory to avoid all possible interference
with the chemical and biological components of the

soil, can be transposed into the natural environment
in order to demonstrate the post-mortem effect of
earthworms at the rhizosphere level. In fact, all species of earthworms represent a biomass of 0.5 to
5 tonnes per hectare depending on the type of soil
and climate (Lavelle, 1988). At the end of their life
cycle, this considerable biomass breaks down releasing substances with high nutritional value for
the growth and activity of bacterial communities.
P. fluorescens is of particular interest to our
laboratory because it is qualified as PGPR and it
is essential for soil fertility. PGPRs, in particular
Pseudomonas, appear to be promising environmentally friendly and sustainable tools in agriculture. It
has been proven that P. fluorescens can considerably
improve plant yields (Kong et al. 2017). Therefore,
nutrient inputs resulting from the decomposition of
earthworm cadavers would constitute an alternative
biological amendment, particularly in soils initially
poor or impoverished by modern agricultural practices. It should be noted that the water content in A.
molleri was evaluated in this study at 75%. If this
content is expressed in relation to the biomass of
the earthworms, a water mass varying from 0.37 to
3.75 tonnes per hectare will be obtained. This significant amount of water could contribute to maintaining relative humidity in the rhizosphere.
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Abstract
The microflora of fomites and air in day-care centres was investigated using standard microbiological procedures. Each of these samples was collected twice in a day, after and before sanitation. The
total heterotrophic bacterial and fungal count of samples collected after sanitation ranged from 5.2x106
to 2.88x107 CFU/ml, and from 1.0x106 to 8.0x106 CFU/ml, respectively, while samples collected before
sanitation ranged from 6.5x106 to 2.88x107 CFU/ml, and from 1.0x106 to 9.7x106 CFU/ml, respectively.
The microorganisms isolated in the study included: Staphylococcus aureus, Serratia spp., Shigella flexneri,
Citrobacter spp., Salmonella typhi, Pseudomonas aeruginosa, Enterobacter aerogenes, Proteus vulgaris,
Escherichia coli, Aspergillus niger, Penicillium chrysogenum, Aspergillus flavus, and Rhizopus stolonifer.
Data on the assessment of the day-care indoor environment were obtained using a questionnaire. Due to
some suspected factors, such as seasonal climatic changes and poor hygiene practices, a high record of resistance of the microorganisms to most antibiotics was observed. All Gram-negative bacteria isolated were
resistant to Septrin and Chloramphenicol, while Serratia sp., Citrobacter spp., S. typhi, P. aeruginosa, E.
aerogenes and P. vulgaris were susceptible to one or several antibiotics. Sanitation is a tool used to control
the presence and spread of pathogenic microorganism, but only when carried out using an appropriate and
effective method. Every day-care centre should ensure they always practice and teach good hygiene for the
safety and wellbeing of the children.
Keywords: antibiotics, day-care, fomites, hygiene, microbial flora, sanitation
Резюме
Микрофлората на фомитите и въздуха в дневните центрове е изследвана с помощта на
стандартни микробиологични процедури. Всяка от тези проби се събира два пъти на ден, след и
преди саниране. Общият брой хетеротрофни бактерии и гъбички в пробите, събрани след саниране,
варира съответно от 5.2x106 до 2.88x107 CFU/мл и съответно от 1.0x106 до 8.0x106 CFU/мл, докато
пробите, събрани преди санирането, варират от 6.5x106 до 2.88x107 CFU/мл и съответно от 1.0x106
до 9.7x106 CFU/мл. Микроорганизмите, изолирани в изследването, включват: Staphylococcus aureus,
Serratia spp., Shigella flexneri, Citrobacter spp., Salmonella typhi, Pseudomonas aeruginosa, Enterobacter
aerogenes, Proteus vulgaris, Escherichia coli, Aspergillus niger, Penicillium chrysogenum, Aspergillus
flavus и Rhizopus stolonifer. Данните за оценката на закритата дневна детска стая са получени с
помощта на въпросник. Поради някои предполагаеми фактори, като сезонни климатични промени
и лоши хигиенни практики, се наблюдава висока резистентност на микроорганизмите към повечето
антибиотици. Всички изолирани грам-отрицателни бактерии са резистентни към септрин и
хлорамфеникол, докато Serratia sp., Citrobacter spp., S. typhi, P. aeruginosa, E. aerogenes и P. vulgaris
са податливи на един или няколко антибиотика. Хигиенизирането е инструмент, използван за контрол на наличието и разпространението на патогенни микроорганизми, но само когато се извършва
с помощта на подходящ и ефективен метод. Всеки детски център трябва да гарантира, че практикува
и преподава добра хигиена по всяко време за безопасността и благосъстоянието на децата.
Introduction
Understanding the microbial community
structure of a built environment is important be-

cause human beings spend >90% of their time in
indoors (Santos et al., 2012), and evidence is accumulating that both human and environmental

*Corresponding author: akatahhilda@gmail.com
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microbiomes shape human health (Chen et al.,
2012). In some studies, the microbiome of fomites
in university classrooms, offices, restrooms, subways, residences, health care facilities and other
settings has been researched on (Li et al., 2014;
Afolabi et al., 2018), but there is paucity of data
on children’s day- care centres in Lagos, Nigeria.
A day care can be said to be a child-care facility that parents take their children to during the
daytime for care, supervision, and learning (Li et
al., 2014). Day-care centres typically provide care
for infants and pre-schoolers, although some day
cares also offer before- and after-school care for
school-aged children (Azdogdu et al., 2010), either in their own homes, in the home of a relative
or other caregiver, or in a centre-based facility. The
workers at the day-care centres take care of the
children’s requirements in terms of feeding, nurse
caring, excretion, and general comforts (Olaitan
and Adeleke, 2006).
Infants and young children are more prone
to infectious diseases and are more amenable
to immediate care because some of the diseases
suffered are environmental in origin and can be
contained and prevented by an intelligent nurse
who has acquired the relevant basic hygiene skills
(Azor-Martinez et al., 2018). Studies have revealed that children, including babies and infants
within the ages of 6 months to 4 years, gain from
the day-care environment, including its quality instruction, structure, and social lessons (Santos et
al., 2012). In addition, their staff are trained and
supervised, there are more resources and equipment available, care is still available when a staff
member is absent, the centres are more likely to be
licensed and subject to state regulation. Children
in centre-based care exhibit slightly better cognitive development than those cared for in homes,
possibly because they have more opportunities to
relate with other children and are exposed to more
learning materials (Afolabi et al., 2018). While
some of the disadvantages are costs which are
higher than other types of care, the background
of staff can vary greatly, and there is often greater
staff turnover, larger groups of children may mean
less individual attention for the child, and there is
a greater likelihood of exposure to communicable
illnesses (Li et al., 2014).
Children in the day-care centres are exposed
to infection due to contact with the physical environment of the place (Azor-Martinez et al., 2018).
Dirty environment may harbour infectious agents
and predispose to skin infections (Adeleke et al.,

2012). A good day care is however able to keep
its environment in good working order, free from
all preventable epidemics (Adedire et al., 2016).
Day-care centres have been implicated as settings
for the spread of communicable diseases, especially diarrhoea, among young, susceptible children (1-5years) due to poor hygiene with the staff
of the day care (Azor-Martinez et al., 2018).
Fomites are inanimate objects that become
colonized with microbes and serve as potential
intermediaries for transmission to humans (Santos, 2012). Fomites carry and spread disease and
infectious agents; they can also be called passive
vectors. There is a huge array of everyday objects
that can become fomites if they come into contact with infectious agents, such as a range of microbes, viruses, bacteria, and fungi (Aydogdu et
al., 2010). Fomites in day cares include children‘s
toys, furniture, cots, couches, tables, toilet seats,
door knobs, etc. In this research, a few of these
fomites were used as a case study, which included
door and toilet handles, floors, toys, baby cots, and
also the air quality.
Based on the increase in the demand for daycare centres to care for infants in various communities, there has been a prevailing increase in the
rate of infection among the children at these daycare centres (Olaitan and Adeleke, 2006). Due to
the limited study of the microbiome on fomites
and indoor air in children’s day-care centres majoring on the impact sanitation has in preventing
the spread and recurrence of infections on the children. This study was aimed at discovering the observable impact sanitation has in reducing or eradicating the microorganisms present in day-care
centres. The aim of this study was to assess the
microbiome present on the day-care fomites and
indoor air after sanitation and before sanitation,
and to discover the impact sanitation has in reducing the rate of children’s exposure to infections.
Materials and Methods
Sampling sites
Samples were collected from three different day-care centres located in Ipaja Ayobo Local Government Area of Lagos State, Nigeria. The
study was carried out in October 2020, within the
duration of three weeks.
Sampling
Permission was taken from the authorities
of the day-care centres prior to sample collection.
Samples were collected in the morning after proper cleaning, and disinfection of the day care was
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carried out and in the afternoon after the day’s
activities had ended. A total of 30 samples were
collected from all day-care centres. The samples
collected were from day-care fomites (floors, door
knobs, toys, and cots) and indoor air.
The medium used (Nutrient, MacConkey and
potato dextrose agar) was prepared according to
manufacturer’s instruction. The settling plate technique was employed to sample air and swab stick
was used for collection of samples on the fomites
in the day-care centres. All the samples obtained
were cultured using standard microbiological procedures.

PEF; Pefloxacin (30 μg), OFX; Tarivid (10 μg) for
Gram-positive isolates. After incubation, the test
plates were examined for confluent growth and
zone of inhibition.
Sanitary appraisal
Each of the day-care centres was examined
for possible sources of contamination using parameters such as number of babies, nature of floor,
methods of cleaning the floor, frequency of floor
cleaning, whether the windows and doors were
screened with nets or not, and whether the children
were allowed to wear footwear or not.
Statistical analysis
Statistical analysis package SPSS 20.0 was
used to determine the mean, range, standard deviation, Wilcoxon Test and one way analysis of variance was used to determine the differences within
the means.

Characterization and identification of isolates
The bacterial isolates were characterized
on the basis of their colonial morphology, cellular morphology, Gram stain and biochemical reactions. The biochemical tests included: catalase
test, oxidase, starch hydrolysis, citrate utilization,
coagulase, triple sugar iron agar, carbohydrate fermentation, oxidative and fermentative utilization of
sugars (Fawole and Oso, 2007). Similarly, the fungal isolates were characterized based on their macroscopic and microscopic characteristics.

Results
Table 1 shows that the bacterial count of
the air, floor, doorknob, toy and cot samples after sanitation ranged from 7.2x106 to 2.02x107
CFU/ml; 1.33x107 to 2.71x107 CFU/ml; 5.2x106
to 1.79x107 CFU/ml; 2.15x107 to 2.88x107 CFU/
ml and 1.74x107 to 2.24x107 CFU/ml, respectively. The bacterial count of the air, floor, doorknob,
toy and cot samples before sanitation ranged from
6.5x106 to 1.92x107 CFU/ml; 8.4x106 to 2.88x107
CFU/ml; 9.4x106 to 7.8x106 CFU/ml; 1.05x107 to
2.67x107 CFU/ml and 1.11x107 to 2.55x107 CFU/
ml, respectively. The bacterial species identified
were Staphylococcus aureus, Serratia sp., Shigella
sp., Citrobacter sp., Proteus sp., Salmonella typhi,
Enterobacter aerogenes, Escherichia coli, Klebsiella sp., and Pseudomonas aeruginosa.
Table 2 shows that the fungal counts of the
air, floor, doorknob, toy and cot samples before
sanitation ranged from 2.5x106 to 8.0x106 CFU/

Antibiotic susceptibility test
The antibiotics susceptibility test of the isolates was carried out using the Kirby-Bauer disk
diffusion technique, according to the methods recommended by the Clinical Laboratory and Standards Institute (CLSI, 2018). The antibiotic discs
used were: SXT; Septrin (30 μg), R; Rocephin (25
μg), AM; Amoxacillin (36 μg); CN; Gentamycin
(10 μg), PEF; Pefloxacin (10 μg), APX; Ampiclox
(30 μg), S; Streptomycin (30 μg), E; Erythromycin (10 μg) for Gram-negative isolates. while SXT;
Septrin (30 μg), CH; Chloranphenicol (30 μg), SP;
Sparfloxacin (10 μg), CPX; Ciprofloxacin (30 μg),
AM; Amoxacillin (30 μg); AU; Augmentin (10 μg),
Table 1. Total heterotrophic bacterial colony count

Total Heterotrophic Bacteria Count (CFU/ml)
Day care Centre 1

Day care Centre 2

Day care Centre 3

Sample

After
Sanitation

Before
Sanitation

After
Sanitation

Before
Sanitation

After
Sanitation

Before
Sanitation

Air Sample

2.02 x 107

1.25 x 107

7.2 x 106

6.5 x 106

1.70 x 107

1.92 x 107

Floor

1.33 x 107

1.32 x 107

1.57 x 107

8.4 x 106

2.71 x 107

2.88 x 107

Door Knob

1.79 x 107

7.8 x 106

5.2 x 106

9.4 x 106

-

-

Toy

2.88 x 107

1.22 x 107

2.20 x 107

1.05 x 107

2.15 x 107

2.67 x 107

Cot

2.01 x 107

1.21 x 107

1.74 x 107

1.11 x 107

2.24 x 107

2.55 x 107
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Table 2. Total Heterotrophic Fungi colony count
Total Heterotrophic Fungi Count (CFU/ML)
Day care Centre 1
Sample

Day care Centre 2

Day care Centre 3

After
Sanitation

Before
Sanitation

After
Sanitation

Before
Sanitation

After
Sanitation

Before
Sanitation

Air

9.7 x 106

7.0 x 106

8.0 x 106

2.5 x 106

6.0 x 106

8.0 x 106

Floor

6.0 x 105

3.0 x 106

2.0 x 106

1.4 x 106

1.0 x 106

5.0 x 106

Door Knob

0

0

0

1.0 x 106

-

-

Toy

0

2.0 x 10

1.0 x 10

Cot

2.0 x 106

8.0 x 106

2.0 x 106

6

6

1.0 x 10

6

1.0 x 10

1.0 x 106

2.0 x 106

3.0 x 106

5.0 x 106

6

Table 3. Sanitary appraisal
Parameters

Day care 1

Day care 2

Day care 3

Age group

4 months – 2 years

4 months – 6 years

1 year – 6 years

Activities

Taking care of the children
until parent closes from
work

Taking care of the children
until parent closes from
work and teaching them
academic work.

Hand washing
Practice

Never thought the children
hygiene practice

Constantly thought on
hygiene practice

Population
Attendance

Taking care of the children until parent closes
from work and teaching
them academic work.
Seldomly thought

Boys

Girls

Boys

Girls

Boys

Girls

5

4

4

6

4

4

Never regular

Seldomly regular

regular

No. of rooms

2

5

1

No. of windows

2

More than five

1

Not allowed

Not allowed

allowed

Availability
of disinfectant

Seldomly available

Always available

Seldomly available

Frequency of
Cleaning toys

often

sometimes

never

Time of
Sanitation

In the morning and
afternoon

In the morning and
afternoon

In the morning alone

Cleaning
Method

Sweeping and mopping with
detergent and disinfectant

Sweeping and mopping
with detergent and disinfectant

Sweeping alone

Wastes are covered outside

Waste disposing vehicle

Wastes are covered outside

often immunized

Seldomly immunized

Seldomly immunized

Electricity

stable

stable

Location

Far away from the main road

Close to the main road

Close to the main road

All screened

All screened

Not screened

Wearing of
Foot wears

Disposal of Waste
Immunization

Screened net

168

ml; 1.4x106 to 5.0x106 CFU/ml; 1.0x106 CFU/ml;
1.0x106 to 2.0x106 CFU/ml, and 2.0x106 to 5.0x106
CFU/ml, respectively.
The fungal counts of the air, floor, doorknob,
toy and cot samples after sanitation ranged from
6.0x106 to 9.7x106 CFU/ml; 1.0x106 to 6.0x106
CFU/ml, 0 CFU/ml; 1.0x106 CFU/ml and 2.0x106
to 3.0x106 CFU/ml, respectively. The fungal species identified were Aspergillus niger, Penicillium chrysogenum, Aspergillus flavus, Rhizopus
stolonifer. The mean total heterotrophic bacterial
count (THBC) and total heterotrophic fungal count
(THFC) before and after sanitation was not statistically significant (Z=-0.664, ρ > 0.05) and (Z -0.460,
ρ > 0.05), respectively.
Table 3 shows the sanitary appraisal of the
day-care centres and reveals the possible sources of
contaminations.
In centre 3, children were allowed to put
on footwear, as many as 8 children were kept in a
room with just one window (poor ventilation and
over population), cleaning of the floor was done
with just water and only in the morning and children’s toys were never cleaned. In centres 1 and 2,
hygiene practice was carried out constantly and the

children also practiced hand washing techniques,
the rooms were relatively ventilated, and the floors
were cleaned with adequate cleaning materials
twice daily.
Table 4 shows the mean microbial load from
the different samples obtained from the day-care
centres. Microbes were isolated from the air, floors,
door knobs, toys and cots. For air samples, the
mean of the After Sanitation Bacteria Count (ASB)
(3.64x104) was more than the mean of the Before Sanitation Bacteria Count (BSB) (3.22x104).
Also, for the samples obtained from the toys, the
mean ASB (2.44x104) was higher than the mean
BSB (1.65x104). For the floor samples, the mean
ASB (2.33x104) was lower than the mean BSB
(5.73x104). The mean ASB for Doorknob was also
lower (2.33x104) than BSB (5.73x104). The Mean
ASB for the cots in the day-care centre (2.00x104)
was also lower than the mean obtained before
(2.89x104) the sanitation. All in all, the mean ASB
(2.45x104) was lower than the BSB (3.54x104).
The mean ASF for the air sample was higher
(7.90x104) than the BSF (5.83x104). But for the floor
sample, the mean ASF (3.00x104) was lower than
the counts obtained before sanitation (3.13x104).

Table 4. Mean Total Microbial Count Mean±Standard Deviation (104)
Air

ASB
3.64±3.1

BSB
3.22±2.86

ASF
7.90±1.85

BSG
5.83±2.91

Floor

2.33±2.64

5.73±5.03

3.00±2.65

3.13±1.80

Door Knob
Toy
Cot
Total

2.33±2.64
2.41±4.01
2.00±2.50
2.45±1.70

5.73±5.03
1.65±5.77
2.89±2.35
3.54±3.10

0.00±0.00
6.67±5.77
2.33±5.77
2.78±3.14

3.33±5.77
1.33±5.77
5.00±3.00
3.13±2.79

Key: ASB: After sanitation bacterial count; BSB: Before sanitation bacterial count; ASF: After sanitation
fungal count; BSF: Before sanitation fungal count
Table 5. Antimicrobial sensitivity pattern of Gram-negative bacteria
Organism

AU

CN

PEF

AM

OFX

S

SXT

CH

SP

CPX

Serratia sp.
S. flexneri
Citrobacter spp.

S
R
R

R
R
R

R
R
S

S
R
R

R
R
R

R
R
R

R
R
R

R
R
R

S
R
R

S
R
R

S. typhi

S

S

S

S

S

S

R

R

S

R

P. aureginosa
E. aerogenes
P. vulgaris

R
R
R

R
R
R

R
R
S

R
S
R

R
R
R

R
R
R

R
R
R

R
R
R

R
S
R

S
R
S

E. coli

R

R

R

R

R

R

R

R

R

R

Key: AU-Augmentin, CN- Gentamicin, PEF- Pefloxacin, AM- Amoxicillin, OFX- Tarivid, SStreptomycin, SXT- Septrin, CH- Chloramphenicol, SP- Septrin, CPX- Ciprofloxacin, R- Resistance, SSusceptible.
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For the door knobs, the mean score before sanitation (3.64x104) was higher than the mean count
obtained after sanitation (0.00x104). The toys used
in the day-care centre had higher ASF (6.67x104)
than the BSF (1.33x104), while for the cots the BSF
was higher before sanitation (5.00x104) than the
ASF (2.33x104). All in all, the ASF (3.64x104) was
lower than the count obtained before sanitation of
the day-care centres. The population of microbial contamination in the indoor air of the day-care
centres was relatively higher than the population of
microbes isolated from fomites present in the daycare centres.
Table 5 describes the antibiotic sensitivity
test results of the Gram-negative bacteria (Serratia,
Shigella, Citrobacter, Salmonella, Pseundomonas,
Enterobacter, Proteus and E. coli) isolated from the
day-care centres and it shows multidrug resistance
to some antibiotics (Gentamicin, Tarivid and Chloramphenicol) with some sensitivity to Pefloxacin,
Ciprofloxacin and Septrin.
Table 6 describes the antibiotic sensitivity
test results of the Gram-positive bacteria (S. aureus) isolated from the day-care centres and shows
multidrug resistance to some antibiotics (Erythromycin, Septrin, Streptomycin, Gentamicin, Amoxicillin, Ciprofloxacin and Tetracycline) with some
sensitivity to Pefloxacin and Ampiclox. S. aureus
showed marked resistance to all antimicrobials except fluoroquinolones (Ampiclox and Pefloxacin).

ities of man like raising dust, wearing shoes from
outdoor into indoor. Some of the organisms isolated
in this study are pathogenic and could be dangerous
to human health. S. aureus is ubiquitous and may be
a part of human flora. Persistent carriage of this organism is more common in children than in adults.
Some individuals are regarded as nasal carriers and
they may be divided into persistent carriers with
high risk of infection and intermittent or non-carriers with low risk of infection (Li et al., 2014). This
organism also elaborates toxins that can cause specific diseases or syndromes (Adeleke et al., 2012).
Proteus spp. is most commonly found in the
human intestinal tract as part of the normal human
intestinal flora. Inoculum size is important, and it
has a positive correlation with the risk of infection
(Luzzaro et al., 2009). E coli normally live in the
intestines of healthy people, but some strains can
cause infections in the digestive tract, urinary tract,
or many other parts of the body. Most types of E.
coli are harmless or cause relatively brief diarrhoea
(Aydogdu et al., 2010). Few strains such as E. coli
O157:H7 can cause severe stomach cramps, bloody
diarrhoea and vomiting. Young children have
greater risk of developing a life-threatening form
of kidney failure. Serratia spp., Klebsiella sp., and
Enterobacter sp. are opportunistic Gram-negative
bacteria that may infect the urinary or respiratory
tract. Rarely Klebsiella causes pneumonia in individuals with weakened immune systems (children).

Table 6. Drug sensitivity pattern of Gram-positive bacteria
Organism
S. aureus

APX
S

Z
R

CN
R

PEF
S

AM
R

E
R

CPX
R

S
R

SXT
R

Key: Z- Tetracycline; CN- Gentamicin, PEF- Pefloxacin, AM- Amoxicillin, S- Streptomycin, SXT- Septrin,
SP- Septrin, CPX- Ciprofloxacin, APX Ampiclox, E-Erythromycin, R- Resistance, S- Susceptible.
Discussion
This research demonstrated the presence of
bacteria and fungi on the floors, door knobs, toys,
cots and air of three day-care centres within Ayobo-Ipaja. The bacteria species identified were S.
aureus, Serratia sp., Shigella sp., Citrobacter sp.,
Proteus sp., S. typhi, E. aerogenes, E. coli, Klebsiella sp., P. aeruginosa, and Micrococcus sp. Most of
these organisms were Gram-negative bacteria, with
only one Gram-positive bacteria. In a related study,
S. aureus, Bacillus spp., Klebsiella sp., Proteus sp.,
S. faecalis, P. aeruginosa, E. coli, S. dysenteriae,
E. aerogenes and Micrococcus spp. were isolated
from the fomites of day-care centres in Abeokuta,
Ogun, Nigeria (Olaitan and Adeleke, 2006).
Indoor and outdoor microflora are inevitable
in our immediate environment as a result of activ-

P. aeruginosa is a Gram-negative organism that can
infect the blood, skin, bones, ears, eyes, urinary
tract, heart valves, and lungs, as well as wounds.
The results showed the effect of sanitation
on the microbial community of these day cares as
follows: there was a decrease in the total heterotrophic count for most bacteria after sanitation and
an increase before sanitation, also the absence of
some bacteria and fungi was noticed after sanitation, while they were present before sanitation. It
is also very important to note that for some of the
day-care centres that had the organism present after
and before sanitation, poor sanitation method was
observed to be the cause. Cleaning and disinfection are basically two separate processes and thorough cleaning must be done prior to disinfectant
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use (Chen et al., 2012). The fungal species isolated could also have implications on the health of the
children in the day-care centres.
The antibiotic susceptibility test showed multidrug resistance of some of the isolated organisms
to antimicrobials. It can be concluded that the children are at higher risk of being infected and spreading these infections due to the presence of these resistant pathogens.
Ventilation systems have a significant effect
on indoor air pollutant levels (Aydogdu et al., 2010).
These findings agree with the findings of Afolabi et
al. (2018), who disputed those high bacteria counts
are associated with high occupancy, poor hygienic
conditions of the occupants, and also inadequate
ventilation (Azor-Martinez et al., 2018).
One of the fungi genera found in this study
was Rhizopus spp., which is a fast-growing colony
commonly found in indoor environments. The distinctive and most important fungal genera found
in the air were Aspergillus spp. and Penicillium
spp., which are closely similar to the fungi collected from different indoor environment (Chen et al.,
2012), such as campus schools, houses and hospitals (Afolabi et al., 2018). A study done in Singapore found that the most common fungi present in
day-care centres were Aspergillus, and Penicillium
(Chen et al., 2012), which correlates with our findings. The sanitary appraisal of the floors revealed
the possible sources of contaminations of the floors
to be children’s footwear, population and the health
status of the children. Santos et al. (2012) observed
that gastrointestinal diseases continue to be a major health problem in primary schools in the United
Kingdom due to surface contamination of carpets.

is one of the sources of infection in day cares. It was
observed that despite cleaning the day care, some infectious agents were still present. Therefore, proper
cleaning and disinfection of day-care centres is vital
to curb the spread and recurrence of infections.
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Conclusion
Infection is spread most often by children
handling contaminated fomites. Dirty environment
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