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ABSTRACT

The indiscriminate slaughter of pregnant animals
which characterizes most developing countries poses
increasing environmental and public health risks from
Listeria monocytogenes infections which are endemic
in such settings. The available reports show increas-
ing trends of Listeria monocytogenes infections in both
humans and animals in Nigeria. This study examined
the prevalence, antibiogram and biofilm production of
L. monocytogenes from faeces and foetuses of slaugh-
tered pregnant cows in Ibadan Central Abattoir, Ni-
geria. Faecal (n=118) and foetal (n = 118) swabs were
cultured and isolates tested for antibiotic susceptibili-
ty by Kirby-Bauer assay, while biofilm production was
quantified following the standard procedures. The data
were analysed using the Chi Square and Student’s t-test
at P < 0.05. Listeria monocytogenes were isolated from
five (4.2 %) and three (2.5 %) faeces and foetus swabs,
respectively, without significant association with sam-
ple type (P = 0.50). The isolates were resistant to all the

antibiotics tested except gentamicin; with significantly

higher production of biofilm by those from foetal sam-
ples (P =0.012). The detection of widespread antibiot-
ic-resistant L. monocytogenes from faeces and foetuses
has important environmental and public health impli-
cations, given the risk of contamination through faecal
shedding and foetal handling. The biofilm production
by the pathogen connotes its ability to persist in the en-
vironment, suggestive of the challenging effects to its
control. Campaigns against indiscriminate slaughter of
pregnant animals, and proper hygiene are advocated to

ultimately safeguard human and animal health.
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INTRODUCTION

Listeria monocytogenes is a facultative intracellular
pathogen which causes infectious disease in many different
animal species, especially in farm ruminants [37] as well

as humans. Foetuses from pregnant infected animals are
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very rich in L. monocytogenes [18]. Similarly, faeces play
a significant role in the spread of listeriosis to humans and
animals [35]. It is associated with severe foodborne infec-
tions in humans; thus, this organism is considered one of
the most important pathogens responsible for foodborne
infections. Listeriosis, caused by L. monocytogenes is a zoo-
notic disease which poses health risk to the immunocom-
promised and occupationally exposed individuals includ-
ing abattoir workers and surrounding environments. In the
present decennium, numerous serious outbreaks of food-
borne listeriosis have been recorded in different countries
and continents [23, 31, 51, 52], causing serious manifesta-
tions in the form of septicaemia and meningitis, principal-
ly in the immunocompromised and old populaces in ad-
dition to pregnant women, who may bring forth stillborn
babies or seriously contaminated infants [29, 55].

These associated health problems could be more chal-
lenging particularly in most developing countries includ-
ing Nigeria characterized with indiscriminate use of anti-
biotics in animals and consequent widespread cases of an-
tibiotic resistance [3, 14]. Considering the delayed health
care-seeking behaviour of abattoir workers and most rural
dwellers in the surrounding environments, coupled with
other associated immunocompromising practices, these
occupationally and environmentally exposed individ-
uals may be the worst hit. More so, the risk of zoonotic
transmission of L. monocytogenes in the abattoir and sur-
rounding environments could be potentiated since the
organism could colonize surfaces, forming biofilms that
remain attached to equipment used in food production
[46]. Unfortunately, most abattoir workers in the country
generally do not observe proper hygiene when processing
slaughtered animals and are thus exposed, while serving
as a source infection to others in their communities. Also,
poor disposal of animal faeces which are often washed off
into the surrounding environments threatens environmen-
tal health. As reported, cattle and many other mammals
including humans, can be asymptomatic shedders of the
pathogen [54].

In order to assess the magnitude of this risk, we sought
to determine the prevalence, antibiotic susceptibility pro-
files and biofilm production of Listeria monocytogenes in
slaughtered pregnant cows in Ibadan Central Abattoir,

southwestern Nigeria.
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MATERIALS AND METHODS

Study setting

This cross-sectional study was carried out at the Ibadan
Central Abattoir, Ibadan, southwestern Nigeria between
May and December, 2018. Ibadan is the third most pop-
ulous city in the country and the largest by area. It has
a population of over 3 million people. The city is project-
ed to increase to about 5.03 million inhabitants by 2025,
considering an average annual growth rate of 4.6 % during
the period 2010—2020 [50]. Ibadan Central Abattoir was
chosen as it is the only abattoir in the city recognized by
the government of the state where food animals are slaugh-
tered. It slaughters an average of 450 heads of cattle per
day aside from goats, sheep and pigs and has the capacity
of holding a human population of about 800 people. The
abattoir supplies meat to the entire citizenry of the city and
neighbouring environments. It thus provides a milieu for
zoonotic transmission of diseases given the human-animal
interface in the setting, coupled with unguarded contacts
between humans and animals as well as poor hygienic

practices of the abattoir workers.

Study population and sample size

The study population included all slaughtered pregnant
cows at the abattoir during the period of study. Pregnancy
state in the slaughter animal population was determined
following evisceration after slaughter, since routine an-
te-mortem examination was not enabled in the setting.
Following the 6.9 % prevalence of L. monocytogenes in
livestock animals [26], sample size was calculated using the
formula by Thrusfield [49]. This gave a minimum
sample size of 110 animals including the addition of 10 %

level of attrition.

Animal sampling

The purposive sampling technique was used in the col-
lection of samples by sampling every identified pregnant
cow slaughtered on each day of visit to the abattoir. Swabs
of foetuses and faeces of every slaughtered pregnant cow
were aseptically collected using sterile swabs sticks. These
samples, upon collection were immediately placed in swab
stick casings containing listeria transport medium (Oxoid
Limited, United Kingdom). All the samples were collected
following this procedure each day of the visit to the ab-

attoir until the sample size was reached. The abattoir was



visited twice a week throughout the period of the study.
Upon collection each day, the swab samples were trans-
ported in a transporting flask containing icepack to the
Bacterial Zoonoses Laboratory of the Department of Vet-
erinary Public Health and Preventive Medicine, University
of Ibadan for processing. Samples were processed within

three hours post-collection.

Sample processing

A 10°-fold serial dilution of the samples was carried
out. Thereafter, the samples were incubated at 37 °C for
18 to 24 hours and then plated on Listeria selective agar
(Oxoid Limited, United Kingdom). After inoculation onto
the agar, the Petri dishes were turned upside down and in-
cubated at 37 °C for 24 to 48 hours. After incubation, the
growth on the medium were observed. On the primary
medium used, the most distinct colonies showing per-
fect characteristics of Listeria were picked and aseptically
sub-cultured in freshly prepared Listeria selective medium
and incubated to obtain pure colonies. This was done as
soon as possible to ensure optimum viability of the organ-
isms. After the second round of culture on the selective me-
dium, the bacterial colonies on the media were then asepti-
cally stored on a nutrient agar slant (Oxoid Limited, Unit-
ed Kingdom) and refrigerated. The L. monocytogenes were
identified following the earlier described protocols [15]
using conventional biochemical methods which included
Gram staining, catalase, aesculin, triple sugar iron (TSI)
reaction, motility, urease, sugar fermentation tests (lactose,

sucrose, mannitol and xylose), motility and CAMP tests.

Antibiotic susceptibility testing

All of the L. monocytogenes isolates obtained were sub-
jected to antibiotic susceptibility testing by the disk dif-
fusion method as described by Clinical and Laboratory
Standards Institute [20]. Briefly, 3ml of sterile normal sa-
line was used to emulsify an inoculum of each pure bacte-
rial isolate and the density was then adjusted to the 0.5 Mc-
Farland standard. Using a sterile cotton swab dipped into
the standardized suspension of bacterial cultures, inocu-
lations were made into the Mueller-Hilton Agar (MHA)
plates (Oxoid, England). The plates were then allowed to
dry. Antibiotic disk containing amikacin (30 pg), cefotax-
ime (30 pug), ceftriaxone (30 pg), cefuroxime (30 pg), gen-
tamicin (10 pg), vancomycin (10 pg), tetracycline (30 pg),

co-trimoxazole (25 pg), ciprofloxacin (5 pg), meropenem

(10 pg), chloramphenicol (30 pg) (Antibiotic Becton Dick-
inson and Company, Sparks, USA) were placed onto MHA
plates.

These antimicrobial agents were chosen on the basis
of their importance in treating human or animal Listeria
infections; their use in animals and on the basis of their
ability to provide diversity for representation of different
antimicrobial agent classes. The plates were thereafter in-
cubated at 37 °C for 24 hours. The zone of inhibition was
measured in millimetres and zone diameters were inter-
preted as susceptible, intermediate and resistant with re-
spect to standards on the basis of the critical points rec-
ommended [20]. L. monocytogenes ATCC7644 was used as

a reference strain.

Biofilm production and quantification

Biofilm production and quantification by the identi-
fied L. monocytogenes were done according to an earlier
described procedure [42]. One colony of each overnight
grown L. monocytogenes culture were transferred into 9 ml
tryptose soy broth (Oxoid Limited, United Kingdom) and
incubated at 37 °C for 24 h was used for the biofilm for-
mation on the glass vials [42]. Non-inoculated tryptose
soy broth served as the negative control. The glass vials
(4.5x191.4 cm; Fisher Scientific) which were used as glass
surface were washed with alkaline detergent (Alconox®)
and rinsed thoroughly using deionized water. They were
thereafter air-dried and then autoclaved at 121°C for
30 min. Then, 5 ml of the pure cultures were placed into
the glass vials and incubated at 37 °C for 24 h in order to
allow the cells in the broth to attach to the glass vials. The
glass vials were covered with lids in order to prevent evapo-
ration of the broth. Following the incubation period, quan-
tification of L. monocytogenes attached to glass surface was
done using a crystal violet binding assay [42] with some
slight modifications. The broth cultures were withdrawn
and the glass vials were rinsed three times with sterile dis-
tilled water to remove loosely attached cells.

Using a Bunsen burner, the glass vials were air-dried
and fixed by passing them over the flame three times.
Thereafter, the fixed cells on the surfaces were stained with
2 ml of 1 % crystal violet (Fisher Scientific, United States)
for 1 min. The glass vials were placed under running tap
water in order to rinse off excess stain until there was no
visible stain in the washed water. Further, the glass vials
were air-dried for 5 min at 60 °C. The dye bound to the
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adherent cells was re-solubilized using 200 pl of 33 % (v/v)
acetic acid per vial. Each of the isolates were run in trip-
licate. The optical density (OD) of each of the glass vials
and the controls were measured at 450 nm using a spectro-
photometer (Novaspec II). To determine the actual value,
the absorbance of the negative control was subtracted from
the absorbance values [42] and the means of the respective

values were obtained for each isolate.

Data analysis

The data obtained were coded in Microsoft excel and
subjected to descriptive statistics. Frequencies and per-
centages were calculated as appropriate for the prevalence
of L. monocytogenes per sample type. Chi-square was used
to test for association between outcome variable (L. nmono-
cytogenes positivity) and sample type. The Student’s t-test
was used to compare the means of biofilm produced by
L. monocytogenes between faecal and foetal samples using
STATA 12.0 software. The level of significance was put at
P <0.05.

RESULTS

Isolation and identification of Listeria monocytogenes

A total of 236 samples were collected, 118 each from
faeces and foetuses. Of these, Listeria spp. were pres-
ent in 95 (80.5 %) and 79 (66.9 %) of the cow faecal and
foetal swabs, respectively. The mean count for the faecal
swabs was 0.532 +0.24 log CFU.ml™!, with the highest
and lowest counts being 1.839 log and 0.30 log CFU.ml"},
respectively. The mean count for the foetal swabs was
1.136 £ 0.32log CFU.ml™!, with the highest and lowest
counts being 1.477 log CFU.ml™ and 0.301 log CFU.ml},
respectively. Further, 5 (4.2 %) and 3 (2.5 %) of the total

samples obtained from faecal and foetal swabs, respective-

ly, were confirmed as L. monocytogenes, with one isolate
per sample (Table 1). Overall, a total of eight L. monocy-

togenes isolates were obtained.

Antibiotics susceptibility

The mean disk diffusion zones obtained indicated
that the L. monocytogenes isolates from the faecal samples
showed reduced susceptibility (as measured by disk diffu-
sion zone sizes) compared to foetal sample isolates for ami-
kacin, gentamicin and chloramphenicol (Table 2).

All the isolates from both faecal and foetal swabs ex-
hibited 100 % resistance to all the antibiotics tested except
to gentamicin where 60.0 % and 40.0 % intermediate re-
sistance and susceptibility were recorded for isolates from
faecal samples as well as 100 % susceptibility for foetal iso-
lates. Similarly, 80.0 % and 20.0 % of the faecal isolates as
well as 66.7 % and 33.3 % of the foetal isolates demonstrat-
ed resistance and intermediate resistance, respectively to

chloramphenicol (Table 3).

Biofilm production

The means and standard error of the means of the bio-
film production by the L. monocytogenes from faecal and
foetal swabs are presented in Table 4. It revealed that the
strains from the foetal swabs produced significantly high-
er quantity of biofilm than those from the faecal samples
(P =0.012).

DISCUSSION AND CONCLUSIONS

Listeria monocytogenes constitutes a serious global
public health threat, with food animals and their products
serving as the most important vehicles for the majority
of cases of infections [34, 36]. The present study was per-
formed at the Ibadan Central Abattoir, southwestern Ni-

Table 1. Prevalence of Listeria spp. and Listeria monocytogenes from faeces and foetuses
of slaughtered pregnant cows at Ibadan Central Abattoir, Ibadan, southwestern Nigeria

o Mean counts Listeria
Type No. of samples Listeria spp. _,
of samples collected n %] Log CFU.ml monocytogenes
[Mean + SEM] N [%]
Faecal swabs 18 95 (81) 0.532+0.24 54.2)
Foetal swabs 118 79 (67) 1.136 £ 0.32 3(2.5)
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Table 2, Mean disk diffusion zones and resistance breakpoints for Listeria monocytogenes from faecal
and foetal swabs of slaughtered pregnant cows at Ibadan Central Abattoir, southwestern Nigeria

Mean disk diffusion zone of inhibition [mm]

Antibiotics Breakpoint [mm)]
*Faeces [n =5] Foetus [n =3]
AMK (amikacin) <14 1 13
CTX (cefotaxime) <14 0.0 00
CTR (ceftriaxone) <19 0.0 00
CRX (cefuroxime) <14 0.0 00
GEN (gentamicin) <12 14.2 20
VAN (vancomycin) - 0.0 0.0
TET (tetracycline) <14 5 0.0
COT (co-trimoxazole) <10 0.0 00
CIP (ciprofloxacin) <15 0.0 0.0
MEM (meropenem) <13 0.0 0.0
CHL (chloramphenicol) <12 8 10

*n—Number of Listeria monocytogenes isolates

Table 3. Resistance/susceptibility of L. monocytogenes isolated from faecal
and foetal swabs of slaughtered pregnant cows in Ibadan, Nigeria

Isolate [%]

*Breakpoints [mm]

Antibiotics **Faeces [n=5] Foetus [n=3]
R I S R I S R I S
Amikacin <14 15—16 217 80 20 0.0 66.7 333 0.0
Cefotaxime <14 15—22 223 100 0.0 0.0 100 0.0 0.0
Ceftriaxone <13 14—20 221 100 0.0 0.0 100 0.0 0.0
Cefuroxime <14 15—22 223 100 0.0 0.0 100 0.0 0.0
Gentamicin <12 13—14 215 0.0 60 40 0.0 0.0 100
Vancomycin - - - 100 0.0 0.0 100 0.0 0.0
Tetracycline <14 15—18 >19 100 0.0 0.0 100 0.0 0.0
Co-trimoxazole <10 n—Ii5 >16 100 0.0 0.0 100 0.0 0.0
Ciprofloxacin <15 16—20 221 100 0.0 0.0 100 0.0 0.0
Meropenem <13 14—15 >16 100 0.0 0.0 100 0.0 0.0
Chloramphenicol <12 13—17 >18 80 20 0.0 66.7 333 0.0

* R—Resistant; | —Intermediate; S—Susceptible; **n—Number of Listeria monocytogenes isolates

Table 4. Biofilm quantification of Listeria monocytogenes from faecal and foetal samples (450 nm)

Isolates from faecal swab samples Mean £ SD Pvalue

101A 0.046 £ 0.01

57A 0.046 £ 0.01

99A 0.044 + 0.01

39A 0.045+£0.01

63A 0.047 £ 0.01 0.012
Isolates from foetal swab samples

54B 0.047 £ 0.01

36B 0.049+£0.01

65B 0.048 £ 0.01
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geria, an animal processing facility which is increasingly
recognized as a melting pot for food pathogens. The cattle
being slaughtered at the abattoir are mostly trade animals
drawn from different farms across the country and are of-
ten transhumant in nature, moving from one point to the
other in search of water and pasture. Importantly, this study
observed a higher prevalence of L. monocytogenes from
faecal than foetal swab samples, with the strains isolated
being resistant to the majority of antibiotics studied, as
well as, all being biofilm formers. Hence, strong social and
commercial links between such mobile cattle herds and the
local communities, their transverse can contribute to effi-
cient distributions of the zoonotic agent from animals to
humans [53]. Besides, the strong exposure of the abattoir
workers and the surrounding abattoir environment to this
pathogen is a matter of serious public health concern.

Our findings reiterate cattle as an important carrier of
L. monocytogenes and agree with previous reports that this
foodborne pathogen is quite prevalent in animals and their
products [9, 30, 38]. More specifically, this study demon-
strated that cow faeces and foetuses remained a potential
source of L. monocytogenes infection to meat processors
and handlers. This is in line with the study [25] that report-
ed cattle as a potentially important reservoir for L. mono-
cytogenes. The present finding is of serious public health
importance given the poor hygienic practices of most ab-
attoir workers [27]. Cross contamination of carcasses with
faeces and unhygienic handling of foetuses from slaugh-
tered pregnant animals during animal processing is a com-
mon occurrence particularly in developing countries. Thus,
both the meat processors, and consumers through contam-
inated meat are potentially exposed to the infection. It is
also plausible that the cattle might have been shedding the
organisms while in the respective herds from which they
were sourced, thus exposing both livestock handlers and
other animals to the infection and also causing environ-
mental contamination.

In addition, the bacterial isolation of L. monocytogenes
from foetuses of slaughtered pregnant cows in this study
portends public health challenges considering the report-
ed practice of eating and selling gravid uterus and foetuses
as meat in Nigeria [4]. This concern is potentiated by the
practice of eating raw or improperly cooked meat which
is common amongst meat handlers in the country [5, 28]
and amongst Africans in general [32, 48]. As such, there

is a high risk of human infection with L. monocytogenes
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among these meat handlers and other potential consumers.
In addition, poor meat/food handling practices character-
istic of meat handlers and most households in developing
countries, including Nigeria [7, 17], could as well, enhance
the transmission of L. monocytogenes. A previous report
has shown that food contamination from raw meat remains
an important cause of foodborne disease outbreaks or food
poisoning [44]. Such contaminations do occur when food
that does not require cooking such as salad is prepared
on the same chopping board already used to prepare raw
meat without adequate washing [1]. Cross-contamination
can also occur when raw meat is stored above ready-to-eat
meals. Thus, the practice of selling foetuses to and poor
hygienic handling by unsuspecting buyers connotes con-
siderable public health issues.

Besides, the fate of cow faeces from slaughtered cattle
in the abattoir is a matter of concern. Most abattoirs in Ni-
geria lack adequate facilities for proper waste handling and
disposal. As a result, the faeces and other wastes generat-
ed from slaughter processes are often disposed of around
the abattoir premises, thereby constituting social, envi-
ronmental and public health hazards to the surrounding
environments. More importantly, during the rainy season,
these waste materials are washed off, traversing kilometres
away from the abattoir and contaminating water wells, thus
exposing such neighbouring environments to bacterial
contaminations. Adesokan,Sulaimon [8] revealed
in their study that almost 75 % of slaughterhouse work-
ers in a major meat processing facility in Ibadan, Nigeria
discharged slaughterhouse wastewater into surrounding
streamns. Such a practice as previously reported, could
contaminate surface and underground waters [2] with re-
sultant pathogenic organisms, including L. monocytogenes
in surrounding well water [11, 24]. This practice inadvert-
ently impacts with associated severe health risk to such
poor communities located near the river which use it for
domestic activities, such as cooking, washing, and bathing
[8]. Further, the practice of using cow faeces as manure
in farming in Nigeria portends a matter of public health
importance as the pathogens could be transmitted from
one place to the other with potential effects on both crops
and humans. Vegetables, for instance have been identified
as a major vehicle for listeriosis due to their direct con-
tamination with decaying vegetation, soil surfaces, rivers,
animal faeces used as manure, and effluents from sewage

treatments, improper harvesting and handling procedures,



improper sanitary conditions of equipment, and transpor-
tation practices [16, 19]. Previous studies have reported
isolation of L. monocytogenes from vegetables [10, 45].

Furthermore, the levels of resistance exhibited to the
antibiotics used in this study calls for public health action.
Since the majority of these antibiotics are commonly shared
with humans, the current levels of resistance do imply that
such antibiotics might prove ineffective against infections
in humans when the need arises. This finding is similar
to the reports of other studies [6, 13, 47] which indicated
that L. monocytogenes were highly resistant to important
antibiotics. Our observation might be buttressing a previ-
ous report of widespread abuse of antibiotics by farmers
and animal health workers [12]. In this study, the isolated
L. monocytogenes were resistant to amikacin, cefotaxime,
cefuroxime, ceftriaxone, tetracycline, vancomycin, co-tri-
moxazole, ciprofloxacin and meropenem indicating resist-
ance to nine commonly used antibiotics. This is similar to
the report of Sarangi, Panda[47] whereby resistance
towards oxytetracycline, penicillin G, tobramycin, cefo-
taxime, cephalexin and ceftriaxone was observed. Peter
etal. [43] similarly indicated that 16 isolates of L. mono-
cytogenes from pork, beef, and chicken were resistant to
amoxicillin, augmentin, cloxacillin, and tetracycline, al-
though susceptible to gentamicin, co-trimoxazole, eryth-
romycin, and chloramphenicol. Further, Lee etal [33]
reported that all strains of L. monocytogenes which were
isolated from ready-to-eat seafood and food processing
environments were resistant to benzyl penicillin, clinda-
mycin, and oxacillin.

In this study, all the isolated L. momnocytogenes from
foetal and faecal swab samples produced biofilms. This is in
line with the report [41] that L. monocytogenes can evolve
abiofilm and are able to persist in the food processing envi-
ronment. As previously reported by Olaimat etal. [39]
in their review of the emergence of antibiotics resistance
in L. monocytogenes isolated from food products, most
L. monocytogenes strains possess a strong biofilm forming
capability. Generally, biofilm forming bacteria pose a great
challenge to the food industry because of its inherent re-
sistance to the action of disinfectants; thus, contributing to
L. monocytogenes protection against cleaning and sanita-
tion in food processing environment. Biofilms continue to
pose concerns to food manufacturers as they are one of the
major reasons for limiting the shelf life and favouring path-

ogen contamination of food products [22]. The growth of

biofilms in food processing environment is one of the main
sources of repeated bacterial food contaminations [21],
making it challenging to control bacterial contaminations
in such an environment. Though significantly higher bio-
films were produced by the L. monocytogenes from foetal
samples, all the isolates obtained in this study produced
biofilm. In general, L. monocytogenes in the biofilm state
shows a reduced susceptibility to antimicrobial agents [22].
This might explain the observed high level of resistance of
L. monocytogenes to the majority of antibiotics evaluated in
our present study.

Our findings notwithstanding, this study had some
limitations. One, the serotypes of the L.monocytogenes
isolated were not determined, as this would have provided
more insights into the findings of the study. Two, samples
from the abattoir environmental surfaces were not ob-
tained as analysis of such would have enabled comparison
of the strains between those isolated from the faecal/foetal
samples of the slaughtered animals and those from the en-
vironment.

Despite these limitations, the present findings have es-
tablished a higher prevalence of L. monocytogenes in fae-
ces than foetal swabs, indicating important environmental
and public health implications since faecal shedding poses
a risk of contamination of the abattoir environment and
exposed humans. In addition, the level of resistance to ma-
jor antibiotics by the isolates is worrisome considering the
increasing health challenges the world is facing today with
resulting resistance in humans when the need to use such
antibiotics arises. This observation of widespread resist-
ance to major antibiotics by L. monocytogenes therefore,
requires all hands to be on deck towards mitigating the re-
sulting rise in resistance profile of the pathogen in humans.
As reported, it is anticipated that global deaths from infec-
tions caused by antibiotic resistant pathogens will increase
from 700,000 to 10 million annually, and costs are pre-
dicted to reach US $100 trillion by 2050 [40]. Formation
of biofilm by the L. monocytogenes strains indicates their
ability to persist in the abattoir environment, thus resisting
sanitizers with attendant challenging effects to its control.
The need for extensive educational programme for abattoir
workers on proper hygiene and against slaughter of preg-

nant animals is hereby advocated.
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