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ABSTRACT

Background: Camel milk is an excellent source of nutrients and has medicinal importance for human in many countries all
over the world especially in nomadic societies of Arab countries. Staphylococcus aureus (S. aureus) is instinctively present in
milk and dairy products, and associated with many outbreaks. Milk is a good substrate for S. aureus rise and toxin production.
When transmitted to human body this pathogen may affect skin, brain, kidney, liver and several other vital organs. Therefore,
the pathological effects of S. aureus have been the focus of several recent research works.

Aim: The purpose of this study was to better understand the histopathological effects of S. aureus isolated from contaminated
raw camel milk on the mice livers.

Materials and Methods: S. aureus were isolated from specimens of lactating she-camels (Camelus dromedarius), weighing
300-540 kg, in Libya and identified using microbiological and molecular techniques. Twenty healthy male Swiss albino mice,
weighing 22-25 gm, were divided into two groups; Group I (control) and Group II (orally administrated mice with a single
dose of aqueous solutions of the isolated S. aureus at a concentration of 5x108/0.1ml). Animals sacrificed after three days of
infection with bacteria and their livers were dissected out for macro- and microscopic inspection.

Results: Our study reported that oral administration with S. aureus collected from camel milk causes outer liquid-filled liver
abscesses. Furthermore, various histopathological changes could be detected.

Conclusion: This study may highlight the potential risk of consuming raw she-camel milk, especially upon lack of strict
hygienic and preventative measures to avoid the presence of S. aureus in milk.
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INTRODUCTION strains to produce thermostable enterotoxins. In addition,

. . . th fi th t 1 rtant path to the ri
Camel milk is considered an excellent source of ey are from the most important pathogen due to the rise

nutrients for human and has medicinal properties!'.
However, it provides a suitable medium for microbial
growth and metabolism. Bacteria, in raw milk, can
affect the quality, safety and consumer acceptance of
dairy products. Nonpathogenic bacteria may affect
milk quality™®. Thus, different regions have milk quality
regulations, including limits on the bacterial count in raw
milk, to ensure the quality and safety of the final product.
The microbial load in milk, immediately after milking,
are concerned by several factors including animal health,
apparatus cleanliness and timel*!,

Staphylococcus spp are microorganisms that are
commonly present in milk and they are often associated
with food-borne outbreaks due to the ability of some
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in antibiotic resistance! S. aureus is a widespread Gram-
positive coccus and is considered a prominent cause of
human infections globally in health care and community
settings. It can be commensal but also a dangerous
pathogen™®!, It can cause skin abscesses, wound infections,
pneumonia and septic arthritis!”. Milk is a good substrate
for S. aureus and toxin production. The bacterium is also
capable of producing several pathological conditions in
human(®,

There are numerous animal models of staphylococcal
infection have contributed to the knowledge of virulence
genes involved in disease. Many researchers reported that
S. aureus causes osteomyelitis,”'”) pneumonia,!'!! also it
causes interaction with the nasal mucosal'?.

DOI: 10.21608/ejh.2021.56052.1410



Abdurabbah et. al.,

In fact, camel milk production is important source of
high-quality nutrient in nomadic societies. Therefore, the
current research was designed to better characterize the
histopathological actions of S. aureus isolated from raw
camel milk from various areas in Libya on the mice liver

MATERIALS AND METHODS

Collection of samples

220 milk samples of apparently healthy lactating she-
camels (Camelus dromedarius) were aggregated from
various regions in Libya. These dromedaries weigh between
300 and 540 kg. The udders of she-camels were flushed
with tap water and mopped to dry with clean cloth. The
milkers' hands were carefully washed prior to collection of
samples, discarding the early surge of milk. Nearly, 30 ml
of specimen from each portion were separately collected
in hygienic tubes. Collected milk samples were kept in an
ice box and then transported to bacteriology laboratory at
the Department of Microbiology, Faculty of Veterinary
Medicine, University of Omar-Al Muktar, Libya.

Bacterial strain

Bacterial isolates showed B-hemolysis on enriched
media and showed clusters of Gram-positive cocci upon
staining. Mannitol fermentation with the color change
of mannitol salt agar (MSA) and production of small
yellow colonies. Catalase and coagulase trials revealed
positive isolates. Assembly of oxygen was detected by
bubble formation. Isolates were identified as S. aureus by
coagulase test and confirmed by formation of curd like
clotting. The microbe was then centrifuged and the residue
was washed with sterile phosphate buffer saline, measured
at 620 nm by Schimadzu™ UV-1800 spectrophotometer.
The milk sample containing bacterial load 1.0X10° was
approximately adjusted to correspond to an optical density
of 1.6!31. Milk sample diluted with phosphate buffer saline
was performed to get 5X10%/0.1ml of bacterial suspension
as high bacterial load to examine histopathological
variations.

Qualitative Molecular detection

A specific 23s rRNA primer for 23s rRNA gene was
used for genetic identification of S. aureus (23S rRNA
Primer) F: 5°’ACG GAG TTA AGGCAA AGG ACG AC3,
and (tst primer): F: 5’ATG GCA GCA TCA GCT TGA
TA3’ as classical toxin gene of S. aureus according tol!.

Animals and infection

Twenty healthy male albino mice, weighing 22-25
gm, were purchased from the animal house of Faculty of
Medicine, Ain Sham University. The animals were resided
in plastic cages at 25 °C and 12 h alternative cycles. Mice
were fed with standard diet ad libitum and water. Animals
were divided into two groups (n=10/group) and were
assigned at random to one of the following treatments.
The first group was left uninfected and served as control
group. The second group were infected with identified S.

aureus by oral administration of a single dose (0.1ml) of
milk containing bacterial suspension at a concentration
of 5X10% colony forming unit /0.1 mL. Mice of control
group received the vehicle in a similar manner. All animals
were sacrificed after three days of infection. All animal
experiments were approved by the Ain Shams University
Research Ethics Committee.

Gross morphology

During the experiment, mice were monitored to
determine the effect of S. aureus on their gross morphology.

Sample collection

Mice were fasted overnight, sacrificed by cervical
dislocation, and dissected. The livers were excised,
washed in phosphate buffered saline, weighed wet, and
photographed. Then, the livers weight and relative weight
was recorded then processed for tissue assessments.

Histological Procedures

Pieces of the left lateral lobe of liver were settled
in neutral buffer formalin for 24 hours, dehydrated
using ascending grades of ethanol, cleared in terpineol,
embedded in paraffin wax, and serially sectioned at 5 pm
thick. By using hematoxylin and eosin, paraffin sections
were stained. At the Regional Center for Mycology and
Biotechnology, Al-Azhar University, liver sections were
photographed using a camera attached to a Leica DM LS2
microscope (Leica Microsystems, Wetzlar, Germany).

Ultrastructural Procedures

Slices of the right lobe of the liver were diced into
I mm cubes, immersed in 2.5%glutaraldehyde in 0.1 M
phosphate buffer at pH 7.0. Samples were dipped in the
buffer and post-fixed in 1% osmium tetroxide (OSO4),
dehydrated, inserted in epoxy 812 resin. Semi-thin sections
with toluidine blue were processed and stained. Ultrathin
sections were collected on grids and stained in uranyl acetate
and lead citrate. In the Regional Center for Mycology and
Biotechnology in Al azhar University, ultrathin sections
were examined using Jeol 100S transmission electron
microscope.

Morphometry

By using the image analysis software, Leica Q 500
(Leica Imaging Systems Ltd., Cambridge, UK), the
diameter and numerical density (i.e., the number of
organelles in the unit hepatocyte volume) of mitochondria,
in addition to the diameter of both central and portal
veins were also measured. Stereological procedures for
calculating the numbers and volumes of the mitochondria
were similar to those described by Weibel!'),

Statistical analysis

Data are collected as means and standard deviation and
processed using GraphPad Prism software (version 5.0).
P<0.05 was deemed statistically significant.
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RESULTS

Isolation and purification of microbial isolates

Five coagulate positive S. aureus were collected from
220 milk samples. The pure cultures displayed B-hemolysis
on blood agar media. Isolates were positive for catalase
and coagulase tests.

Molecular detection of specific gene of S. aureus
isolated from she-camel milk samples

Among the 220 camel milk samples investigated, five
samples were found to be positive for S. aureus. The
species identity of all 5 strains could be confirmed by
PCR amplification of the S. aureus-specific chromosomal
DNA fragment, the S. aureus-specific part of 23s rRNA.
The amplification of staphylococcal coagulase encoding
23s tTRNA gene yielded a uniform amplicon size of
approximately 1251 bp for all six S. aureus (Figure 1). The
ability to synthesize classical enterotoxins (tst gene) in one
isolate (16.7%) and the amplicon size of the tst gene = 260
bp (Figure 2). The milk sample containing this isolate was
used for infection of mice and other experiments.

Body weight and relative liver weight

After completing of the test, there was body mass and
liver density gain in the control group, as in the infected
group. Statistical analysis depicts that infection with
S. aureus lead to increase the body and liver weights of
mice (Table 1).

Liver gross morphology

Macroscopic testing for the gross morphology of the
liver of control group exposed that the liver had normal
color, smooth surface, and moderately bright appearance
(Figure 3a). On the other hand, the liver of S. aureus-
infected mice was relatively more or less similar to normal,
but contained certain abscesses on its surface between
liver lobes. These abscesses were large and full of liquid
(Figure 3b).

Histological observations

The liver tissues of control mice after hematoxylin
and eosin, as well as semithin sections, revealed normal
polygonal hepatocytes with granular cytoplasm and
round nuclei with heterochromatin adjacent to the nuclear
border in addition to Normal sinusoids with Kupffer cells
(Figures 4 a,b, 5a). Liver sections of S. aureus-infected
mice revealed histological changes in the form of highly
degenerated hepatocytic areas comprising necrotic and
disintegrated hepatocytes (Figures 4c¢,5b) with pyknotic
nuclei (Figure 4c). Mononuclear cellular infiltration
was seen in the areas surrounding the blood sinusoids,
central, and portal veins. These structures were also
associated with dark areas indicating colonies of S. aureus
(Figure 4c). The Kupffer cells were hypertrophied

(Figure 5b). The central and portal veins were highly
congested especially in the degenerated hepatocytic
areas (Figures 4 c,d, 5b). The central vein significantly
decreased in the diameter, while the portal vein was
significantly dilated compared to the control group
(Figures 4 c,d, Table 2). The hepatocytes neighboring to
the portal triad were hydropic, swollen, and possessed
severe ballooning degeneration with only wisps of
cytoplasm around the nucleus. Hyperplasia of the bile duct
and accumulation of cell debris in the duct lumen were also
seen (Figure 4d).

Ultrastructural observations

Ultrathin sections of control mice liver reveal normal
polygonal hepatocytes bounded by a well-defined
plasma membrane (Figure 6). The hepatocytic cytoplasm
contained several mitochondria of varying shapes and sizes,
well-developed rough endoplasmic reticulum (RER),
smooth endoplasmic reticulum (SER) and glycogen
rosettes. All these fine structures were situated around the
centrally located rounded nuclei. Chromatin was arranged
as peripheral chromatin, chromatin islands and nucleoli-
associated chromatin (Figure 6).

The ultrastructural observation of mice liver treated
with S. aureus collected from camel milk revealed
hypertrophied, and vacuolated hepatocytes (Figure 7a),
containing a number of swollen mitochondria. This swelling
was insignificant, but they were significantly decreased
in the number, had impaired internal structure with
cristolysis (Figure 7b, Table 2). A certain number of these
mitochondria were circled by small parts of vesiculated
RER. Some hepatocytic areas contained highly dispersed
SER, and some lysosomes and vacuoles (Figure 7b).
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Fig. 1: Agarose gel electrophoresis patterns showing PCR-amplified
products of qualitative PCR for identifying S. aureus 23s rRNA gene in
five strain samples using the specific primer of 23s rRNA gene. Bands in
lanes 1 to 6 are amplicon sizes of specific segment of the target gene with
a uniform molecular weight 1251 bp. Lane M represents DNA molecular

weight 100bp DNA marker Sizes are marked in base pairs on the left.
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Fig. 2: Agarose gel electrophoresis patterns showing PCR-amplified
products of qualitative PCR for identifying tst enterotoxin gene of
S. aureus. Only one positive bacterial sample of group 5 at primer tst
(lane 5) is seen with a molecular weight = 260 bp. Lane M represents
DNA molecular weight PCR marker. Sizes are marked in base pairs on

the right.

Fig. 3: photomicrograph showing gross morphology of liver. a) From
control mouse liver. b) From mouse orally administered with S. aureus

collected from camel milk Note the large abscess (arrow).

Fig. 4: photomicrograph of liver sections stained with Hx & E. a) and
b) From control mouse liver. ¢) and d) From mouse orally administered
with S. aureus collected from camel milk a) Showing a central vein (cv)
surrounded by normal hepatocytes. Each hepatocyte has one nucleus or
two nuclei (arrow heads). Note the blood sinusoids (s) between the hepatic
strands, lined by endothelial cells (En). Kupffer cells (K) are located at the
corner of sinusoids. b) Showing a branch of the portal vein (PV) lined with
endothelial cells (En) and facing small branch of bile duct (bd). ¢) Showing
necrotic and highly degenerated hydropic and swollen hepatocytic areas
(*), as well as aggregated inflammatory cells associating small colonies
of S. aureus (circles). P, pyknotic nuclei; cv, central vein. d) Showing a
remarkable dilated and congested portal vein (PV), and blebbing of the
bile duct associated with focal injury of cholangiocytes (arrows). Bile duct

stenosis and accumulation of cell debris in the duct lumen are also seen (*).

o UERY

Fig. 5: Photomicrograph of semithin sections of liver stained with
toluidine blue. a) From control mouse liver. b) From mouse orally
administered with S. aureus collected from camel milk. a) Showing
normal hepatic architecture. The hepatocytes contain centrally located
nuclei (N) with prominent nucleoli (nu). Notice the blood sinusoids
(s) between the hepatic strands and Kupffer cells in their corners (K).
b) Showing congested portal vein with RBCs (*). The hepatocytes are
hypertrophied, highly degenerated and vacuolated (H). Kupffer cells (K)

are hypertrophied. bd, bile duct.
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Fig. 6: Electron micrograph of liver section from control mouse showing a
hepatocyte with a round nucleus (N), one distinct nucleolus (Nu), several
numbers of mitochondria (M) exhibiting rounded or elongated shapes,
rough endoplasmic reticula (RER), smooth endoplasmic reticula (SER),

and abundant glycogen particles (Gl) scattered in the ground cytoplasm.

Fig. 7: Electron micrograph of liver sections from mouse orally
administered with S. aureus collected from camel milk a) With low
magnification. b) With high magnification. a) Showing a necrotic
hepatocyte. N, nucleus; M, mitochondria; L, lysosome; *, necrotic area.
b) Showing slightly swollen mitochondria with cristolysis (M). Small
vesiculated parts of RER and dispersed SER were also seen. Note the

vacuoles (V).
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Table 1: Body and liver relative weights of the control and
S. aureus-infected groups

Body weight Liver weight Relative liver
(2) (2) weight
Control mice 25.56+2.44 1.3540.10 5.29+0.23
Infected mice 32.2442.17 1.82+0.11 5.68+0.37

Data are expressed as mean + SEM. Values depict slightly increase of
body & liver weight of infected mice from that of the control group:

P<0.06

Table 2: Hepatic changes in the control and S. aureus-infected
groups

Control mice Infected mice

.Central vein 38.65+ 1.5 34.044+3.21%*
diameter (um)
.Portal vein 48.85+1.56 67.5+7.29*
diameter (um)
Mltochondrlal 621.43+46.11 702.38+20.19%*
diameter (nm)
Mitochondrial 41.71+1.19 33.86+0.46*
number

Data are means = SEM.
* indicates the significant difference of infected group vs. the control

group * p<0.05, ** p<0.001.
DISCUSSION

Camel milk is a very rich source for the growth of lot
of different species of bacteria that have various effects.
Many investigators highlight the beneficial effects of these
isolated bacteria including antimicrobial effects probiotic
candidates!'®'”). However, a limited data is available at
present regarding potential of S. aureus living in camel milk
in Libya and the proposed role of bacterial enterotoxins
isolated from raw camel milk.

S. aureus can be commensal and dangerous pathogen
affects the bloodstream, skin, soft tissues and lower
respiratory tracts!'®l. It leads to severe deep-seated injuries
as septic arthritis, endocarditis and osteomyelitis!'”.
In addition, it is often responsible for toxin-mediated
symptoms, such as scalded skin syndrome and
staphylococcal food borne diseases. In this report we
investigated histological changes of liver upon infection
with S. aureus collected from camel milk producing of
classical enterotoxin. One of the major causes of hospital-
and community-acquired infections is S. aureus which can
have severe implications®?. It has ability to cause life-
threatening infections and remarkable potential to develop
antimicrobial resistance!'®.

In the present report, the macroscopic examinations
of liver of mice infected with S. aureus isolated from
contaminated raw camel milk revealed more than one large
pyogenic abscesses, full in liquid, on its surface. Kobayashi
et al. stated that abscesses are a frequent manifestation
of S. aureus skin and soft tissue infections?*?. Worth
mentioning, although pyogenic hepatic abscess is rare,
potentially as serious disease caused by S. aureus™!.

The pyogenic abscess begins as a localized host immune
response to bacterial infection that is a lethal bacterial
infection of the hepatic parenchyma, with a 5.6% mortality
rate?¥. Gong et al. (2014) suggested that exotoxins
produced by S. aureus are important for the infection!?>-",
Different kinds of exotoxins required to cause infection
can be expressed by S. aureus, especially a-toxin which
is the essential exotoxin of S. aureus®. Moreover, Gong
et al. showed that injecting Sul bead suspension of S.
aureus (10° CFU) into the brain of mice caused intracranial
abscesses growth®],

In the present work, the histological examinations of
S. aureus-infected liver revealed mononuclear cellular
infiltration, especially in association with dark areas which
are thought to be colonies of S. aureus. Most likely, the
mild diffuse inflammation that occurred in liver may be
due to the endotoxin of bacteria, which leads to cellular
morphological changes??®. In this work, the affected liver
sections revealed degenerated, vacuolated, necrotic, and
swollen hepatocytes. Pyknosis of nuclei and congestion of
blood sinusoids, central and portal veins were also seen.
Most of these histological remarks came in accordance
with a study on the pathogenesis of experimental infection
by S. aureus in rabbits, which revealed congestion of the
liver, hydropic degeneration and necrosis of hepatocytes
and obstruction of bile sinusoid with bile pigment in the
livers of infected animals®!.

These pathological changes emphasize the role of
bacterial toxins as a pivotal stimulus for these changes.
The infection leads to effectiveness of neutrophils and
macrophages, the primary edge of defense against
infection®!. The neutrophil secretes chemotaxis which kill
bacteria, lyses infected host hepatocyte, that were detected
in the present infiltration of hepatic tissue with neutrophils
that caused liquefaction and lyses of hepatocytes (necrotic
cells)®. S. aureus stashes compounds that downregulate
activation and chemotaxis or that lyses neutrophils,
neutralize antimicrobial defenses peptide and its cell
boundaries is altered to reduce their effectivenesst®!.

Cellular swelling including hydropic change, vacuolar
degeneration, or cellular edema were detected in the liver
of infected mice. These reversible changes are most likely
resulting as a response to non-lethal injuries®™, or to the
intracytoplasmic water accumulation due to inability of
the cells to maintain the ionic and fluid homeostasis. It is
clearly detected in parenchymal organs, such as liver with
hepatitis and hypoxia, kidney with shock, and myocardium
with hypoxia, and it may be local or diffuse, affecting the
whole organ®%,

Otto reported that many S. aureus hemolysins and
leukotoxins destruct cellular membranes, coax cell death,
degenerate neutrophils after gulp, to eradicate bacteria
by humoral host defense¥. Taking these attributes
collectively, the vacuolated and hydropic hepatocytes
recorded in the infected groups of this report are most
likely due to the cytoplasmic membrane is the target of a
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wide range of bacterial toxins, comprising several that are
produced by S. aureus. Consistent with these attributes, the
histopathological cross examination of the liver of treated
rats with E. coli, S. typhi, and S. aureus revealed swollen
hepatocytes with lessen sinusoidal spaces and extensively
dispersed necrotic fociB*.

In this study, branches of the portal vein in the liver
of S. aureus-treated groups were greatly expanded
and congested. Effect of S. aureus is prominent on the
vascular bed, especially the portal vein. This effect may
be developed during infection or as a result of direct action
of bacteria on the vessel wall. These areas also possessed
periductal fibrosis associated with inflammatory cells
infiltration surrounding the bile ducts. Hyperplasia of the
bile duct and accumulation of cell debris in the duct lumen
were also seen. The bile duct injury is always associated
with liver abscess and may cause obliteration of adjacent
portal branches and liver parenchymal atrophyt*.

This explanation is most likely steady with the
appearance of hepatocytes in the vicinity of the central
vein, as around the portal triad, with vacuolar cytoplasm
and pyknotic nuclei. Taking these attributes collectively,
it is simply to tell that these cells are both structurally and
functionally dead.

The ultrastructural observations reported in the
current work may support the aforementioned histological
findings dealing with the action of S. aureus on the mice
liver. In these studies, the mitochondria were the most
affected organelles in the hepatocytes of S. aureus-infected
mice. The mitochondrial damage was detected in the form
of swelling, impairment of the internal structure, and
cristolysis (loss of cristac). The observed mitochondrial
swelling, probably to compensate for their decreased
number. These mitochondrial pathological changes may
reflect alterations in the hepatocytes osmolarity leading
to salt influx to mitochondrial matrix and affecting
the integrity of the inner mitochondrial membranous
structurest®.

Mitochondrial cristae play an essential step in
their function®’3¥, In fact, cristolysis may affects the
mitochondrial potentiality in the process of oxidative
phosphorylation and electron transport system, and
subsequent ATP production®®!,

Ultrastructural remarks of the hepatocytes of S. aureus-
treated group revealed losing of array, vesiculation, and
stack shortening of RER. In fact, detrimental factors
affecting the cell and its microenvironment, for example,
are the transitions in the redox milieu or acidosis in ERB.,
Therefore, these variations in the RER architecture are
most likely due to the enterotoxin of S. aureus which has
probably affected the integrity of the hepatocyte redox
system in the ER membranes, as in the mitochondria. Fine-
tuning of these redox and ion signaling pathways might be
difficult in unhealthy cells*?. In addition, the pronounced
dilatation of ER lumen is a typical ultrastructural transition
to ER stress. This pathology would indicate that S. aureus

would decrease the surface density of the ER that may
negatively impact protein and lipid biosynthesis by the
affected hepatocytes. Additionally, in the current work,
the elevation in the dispersed SER amount reveals the
increase in the detoxification demand that resulted from
the pathogen toxin.

In the current study, lysosomal granules were most
commonly seen in the hepatocytes and Kupffer cells in the
liver of infected mice. Cytoplasmic vacuoles with granular
structures were located in the infected hepatocytes. These
granules are most likely the enterotoxins of S. aureus.
Literally, lysosomes are special organelles that contain
hydrolytic enzymes that can break down many kinds
of biomolecules™*!. Lysosomes act as the waste disposal
system of the cell by digesting obsolete or unused materials
in the cytoplasm, from both inside and outside the cell%.

The present work demonstrated Kupffer cell hyperplasia
and hypertrophy due to toxin exposure. Kupffer cells
are hepatic macrophages activated by hepatotoxins and
always demonstrated with liver injuriest*?. The activation
and enlargement of these cells are always related to
stress induced in the hepatic tissues by some drugs and
environmental pollutants. Furthermore, the main function
of Kupffer cells was reported as the defense of the liver
against various microbes, they also phagocytose and
partially destroy bacterial antigens before passing them on
to the hepatocytes for excretion into the bilet 4,

Thus, histological and ultrastructural studies,
undertaken in this study, reveal that oral administration of
mice with S. aureus isolated from contaminated raw camel
milk most likely causes the development of outer liquid-
filled abscesses and various histological and fine structural
changes in the mice liver which may highlight the potential
risk of consuming raw she-camel milk, especially upon
lack of strict hygienic and preventive measures to avoid
the existence of S. aureus isolates in milk

Many scientists reported that S. aureus can be present
and disseminate to gut. Also, the liver as largest internal
organ receiving blood flow from circulatory system and
as primary organ for filtering bacterial pathogens to
keep blood sterility™. Therefore, our report highlights
the possibility of some species S. aureus isolated from
camel milk to cause adverse effects at high loads in liver
in certain conditions. Moreover, public health and food
hygiene practices during milking, transportation, storage
and consuming should be implemented to reduce the risk
of S. aureus related camel milk poisoning.
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