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ABSTRACT

limate change is the most influential threat facing the life of all crea-

tures on the Planet Earth. Such change is an ongoing degrading pro-

cess that has been running for more than three centuries since the
global industrial revolution. The climate change has been tightly linked to
carbon dioxide and other green gas emissions with consequent colossal rise
in average global temperatures causing what is called “Global Warming".
Global warming has critical impacts on all forms of terrestrial and aquatic
creatures. Sea level rise, ocean acidification, eutrophication, coastal ero-
sions, invasive species and disease emergence are all the deleterious end
products of global warming.. Bacterial pathogens are among the most
changeable disease agents due to the direct effects of climate change. Meso-
philic bacteria such as countable members of streptococci, enterococci, lac-
tococci, aeromonads, vibrios, flavobacteria and few members of family En-
terobacteriaceae are considered the most eminent product of global warm-
ing. In aquatic life either in open water or captive environments, several
events of mass kills among fish, shrimps, oysters, and corals have been re-
cently linked to mesophilic bacterial pathogens invasion. Streptococcus aga-
lactiae, Enterococcus faecalis, Lactococcus garviae, Aeromonas hyrophila,
V. anguillarum, Vibrio vulnificus, Vibrio alginolyticus, Yersinia ruckeri, Te-
nacibaculum maritimum, Flavobacterium maritimus and Mycobacterium
species are ideal examples for such dominance of mesophilic pathogens with
deleterious impacts on aquatic animals' health. Ultimately, the unexpected
emergence of highly virulent strains of these bacterial pathogens could drive
uncountable aquatic species to be endangered. Therefore, the wise search for
national, regional and international forums for counteracting the future nega-
tive impacts of climate change on wild and captive aquatic species should be
mandated by all country leaders of southern hemisphere.
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INTRODUCTION

The aquaculture industry, which accounts
for over 50 percent of global fish production, is
an important component of the human diet,
providing high-quality aquatic food for global
or local consumption (Kaleem&Sabi 2021).
Over the past two decades, world aquaculture
has developed tremendously to become an eco-
nomically significant industry. The industry
continues to grow at an average global annual
growth level of 8.8 percent per year compared
with all other animal food production indus-
tries (Onada&Ogunola 2017).

Aquaculture in Egypt, which is the largest
aquaculture industry in Africa, is currently
considered the main source of fish supply, with
total production quantities around 1.8 million
tons (Kaleem&Sabi 2021). Egypt is the sev-
enth-largest aquaculture producer in the world
by production quantity and the largest in Afri-
ca, accounting for 73.8 percent of aquaculture
in Africa by volume and for 64.2 percent by
value (Feidi 2018).

Climate change is the term used to describe
changes in the climate brought about by an-
thropogenic (caused by humans) activities that
influence the composition of the atmosphere
either directly or indirectly. By altering the
composition of the atmosphere, human activi-
ties like the use of fossil fuels, deforestation,
improper land use, agriculture, and industrial
processes contribute to climate change
(Yerlikaya et al. 2020). In addition to human
activities, the burning of fossil fuels has in-
creased atmospheric concentrations via pro-
ducing greenhouse gas effects (Fahad et al.
2019a, b).

Global food production is currently seen to
be at risk from climate change, which also pos-
es a serious threat to the amount and quality of
production. Climate change is expected to have
a significant impact on food security, especial-
ly on the availability of dietary protein (Kandu
2017). Due to aquaculture's major contribution
to global food security, nutrition, and liveli-
hoods, the implications of climate change on
sustainability have attracted a lot of attention
recently (FAO 2020).

The productivity of the sea can vary dra-
matically as a result of changes in the global
climate, particularly at higher latitudes where
ocean current patterns are affected. Climate
change in aquatic ecosystems can lead to sev-
eral consequences, such as variations in the
concentration of phytoplankton, an increase or
decrease in ocean acidity, and a fluctuation in
oxygen levels (Cheung et al. 2021; Galap-
paththi et al. 2022).

Climate change can impact aquatic crea-
tures' health standards by altering pathogen
properties, in addition to the physical changes
in the environment. A rise in freshwater tem-
perature can affect fish pathogens directly by
altering their biological processes, or indirectly
by altering the distribution and population of
fish that are influenced. Increased temperature
fluctuations can have a significant impact on
the amount of potentially hazardous native and
foreign microbiota present in aquatic species,
such as fish. This may make it easier for these
bacteria to locate, multiply, and enter fish tis-
sues, which could result in widespread disease
and mortality (Chiaramonte et al.2016).

Egypt is among the nation's most suscepti-
ble to the possible effects of climate change,
particularly with regard to the aquaculture in-
dustry. One of the most pressing issues of our
day is climate change, which has had detri-
mental effects on various water bodies. Inland
freshwater aquaculture is threatened by climate
change because of changes in water availabil-
ity, a drop in water quality, the passage of salt
water upstream due to rising sea levels, and the
salinization of groundwater supplies. Similar to
this, rising temperatures brought on by climate
change cause fish output to decline as a result
of lower dissolved oxygen levels, higher fish
metabolic rates, increased risk of disease trans-
mission, and higher fish mortality. Aquaculture
operations may also be indirectly impacted by
climate change; for instance, a lot of lowland
aquaculture ponds may be extremely vulnera-
ble to floods due to increasing sea levels
(Mehrim&Refaey 2023).

Disease outbreaks are one of the biggest
obstacles to aquaculture output. Fish and fish
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products become scarce as a result, resulting in
financial losses. The primary cause of mortali-
ty in aquaculture, especially in the hatchery, is
bacterial diseases. The type of feed fed to the
fish and its water supply are the two key fac-
tors that determine the existence of bacteria in
aquaculture (Ragab et al. 2022).

In Egypt, bacterial infections are the cause
of severe mortality and morbidity in a variety
of freshwater and marine fish farms, and sum-
mertime water temperature increases have a
major impact on mortality (Kaleem&Sabi
2021). Bacterial diseases in fish are present
with a higher prevalence of mortalities when
compared to the parasitic infestations. Infec-
tions with Aeromonas hydrophila, Flavobacte-
rium maritimus Vibrio spp, Streptococcus spp,
Pseudomonas fluorescens, Yersinia ruckeri,
Edwarsiella tarda and Edwardsiella ictaluri
were reported in Egyptian farms (Shaheen
2013, Abdelsalam et al. 2023).

Major climatic changes with impact on aq-
uaculture

The global community as well as na-
tional and regional governments are currently
facing one of their biggest challenges: climate
change (Khalil et al. 2022). The aquaculture
sector faces several predicted threats to its pro-
duction and sustainability due to climate
change, including increased temperatures,
ocean acidification, altered rainfall and precipi-
tation patterns, sea level rise, unpredictability
of external input supplies, altered sea surface
salinity, and extreme weather events
(Tanahara et al. 2021).

2.a. Rising Temperature (Global warming):

The Mediterranean region is experiencing
global warming more quickly than other re-
gions of the world, which is causing noticeable
changes in temperature and precipitation as
well as other climatic factors (Lionello and
Scarascia 2018). The possible effects of cli-
mate change on several industries, including
water resources, energy production, and agri-
culture, must be carefully evaluated
(Tramblay et al. 2020).

Global climate change is currently hinder-
ing aquaculture productivity, especially in the

Mediterranean region. Global warming is one
of the most important environmental problems
that negatively affects both the environment
and human lives. The average annual increase
in global temperature since 1950 has been 0.13
°C. From 2016 to 2035, the global mean sur-
face temperature is predicted to rise by 0.3 to
0.7 °C (Mehrim&Refaey 2023).

Temperature plays an essential role in the
growth and development of aquatic species.
Due to their poikilothermic nature, fish may be
especially vulnerable to temperature changes
brought on by climate change. As a result, ex-
tended heat stress may have a variety of effects
on aquaculture productivity, the main one be-
ing decreased output. Chronic stress, for in-
stance, may impact the neuroendocrine and
osmoregulatory systems, changing the capacity
for aerobic scope and cardiorespirato-
ry performance, as well as the immunological
responses of a number of commercially signifi-
cant species (Zhang et al. 2019). Additionally,
most finfish and shellfish species' growth,
feeding patterns, physiology, and metabolism
are probably going to be influenced (Maulu et
al. 2021).

In addition, rising temperatures from cli-
mate change events reduce dissolved oxygen
levels and increase fish metabolic rates, conse-
quently leading to an increase in the mortality
rate of fish, decreased production of fish, and/
or increased feed requirements, as well as in-
creased risk and spread of disease (FAO
2020).

Temperature increases will have a detrimental
effect on water quality. Water quality deterio-
rates due to the proliferation of microorgan-
isms caused by a rise in temperature and low
flow. Water reservoir biological activities are
impacted by temperature increases. Water res-
ervoir oxygen concentrations can be impacted
by global warming. (Tanahara et al. 2021).
The severity of hypoxia as well as the frequen-
cy and duration of toxic algal blooms in estuar-
ies and bays may worsen with rising tempera-
tures (Morris et al. 2022).
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2. a.l. Impact of temperature on the Fish
Immune System

Two of the primary variables that are
known to impact fish immunological response
are temperature and stress (WendelaarBonga
1997). As poikilotherms, the metabolism of
fish is directly related to their surrounding wa-
ter temperature, and changes in water tempera-
ture are known to affect their immune system.
Different fish species have specific immuno-
logically temperature ranges. As a result, vari-
ous parameters important to the fish’s immune
response can be negatively affected by temper-
ature changes at either end, or outside of their
permissive temperature range. This is reflected
in the seasonal variations seen in the incidence
of disease outbreaks on fish farms as water
temperatures change throughout the year
(Cascarano et al. 2021).

The impact of temperature on the innate or
adaptive characteristics of fish immune sys-
tems has been the subject of several investiga-
tions (Magnadottir 2010; Abram et al.
2017). It is frequently stated that, in bony fish,
innate immunity is more active at lower tem-
peratures, whereas at lower temperatures,
adaptive immunity is inhibited and becomes
more active at higher temperatures (Ellis
2001).

The environment affects the susceptibility
of hosts to disease (Murray et al. 2022).
Changes in environmental salinity and pH may
affect the immune reactivity of mucosal im-
mune molecules or may change the viscosity
of mucus (Roberts and Powell 2005), increas-
ing adhesion ability of bacteria to host surfac-
es. Periods of high temperature and hypoxia
will result in the production of a stress re-
sponse in finfish with a direct immune sup-
pressive effect (Tort 2011).

Alternative complement pathway activity
(ACP) is an important component of the fish’s
humoral innate immune response involved in
pathogen killing. It has been suggested that
ACP 1s well adapted to low temperatures
(Sunyer and Tort 1995).

It can be speculated that we will see an in-

crease of skin lesions as a result of increased
water temperatures. Intensive aquaculture
practices can lead to the formation of skin
abrasions, epidermal wounds or damaged mu-
cus layers, resulting in increased accessibility
of environmental opportunistic pathogens
(favored by high water temperatures) (Kiron
2012).

2. b. Ocean Acidification

Ocean acidification is the outcome of atmos-
pheric CO, absorption causing a prolonged
drop in the pH of ocean water (Bahri et al.
2018). The oceans are predicted to store about
50 times more CO, than the atmosphere. Nu-
merous aquatic species will experience severe
effects on growth, development, calcification,
survival, and abundance due to the anticipated
rise in CO, uptake by seas (IPCC 2018).

Increased accumulation of CO,in water could
result in increased water acidity levels which
endangers the environmental sustainability of
aquaculture production through water quality
deterioration leading to poor productivity
(Maulu et al. 2021).

Furthermore, as ocean acidity rises, less car-
bonate is available for shell-forming creatures
like prawns, mussels, oysters, and corals to
build their coral skeletons, a process known as
calcification, which potentially endangers ma-
rine aquaculture production (Kibria et al.
2017). Increasing acidity levels in saltwater
may have a substantial impact on aquatic ani-
mals' physiology and metabolism by altering
intercellular transport pathways (Portner et al.
2004).

2. ¢. Changes in Rainfall (Precipitation) Pat-

tern

Rainfall patterns that shift will have two
directly opposing effects on aquaculture
productivity and sustainability: periods of high
rainfall (Flooding) and periods of low or no
rainfall (Drought) (Maulu et al. 2021). Ac-
cording to the IPCC (2018), risks resulting
from droughts events are likely to be higher at
2°C compared with 1.5° C of global warming
in a given region.

Raising rainfall, especially in the form of
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heavier events, will make lowland areas more
susceptible to production concerns. These haz-
ards include fish loss from ponds during
floods, and unwanted species invading the
pond (Rutkayova et al. 2017). The introduc-
tion of invasive fish species and deterioration
of water quality are the main ways in which
the mixing of pond water and fish with
those wild could have a detrimental impact on
the environmental sustainability of aquaculture
output. Additionally, because fish losses from
ponds reduce producer profits and spread pov-
erty throughout communities, they pose a dan-
ger to the social and economic aspects of aqua-
culture sustainability (Maulu et al. 2021).

Droughts can cause water stress, which can
have a detrimental impact on aquaculture
productivity due to shortages and declining
quality (Kibria et al. 2017). The predicted wa-
ter shortages driven by climate change will
lead to increased conflicts for water among the
different user groups, such as aquaculture, ag-
riculture, domestic, and industries (Barange et
al. 2018). This will affect all the dimensions of
aquaculture sustainability.

2.d.

Salinity is a variable characteristic that re-
flects the freshwater input from evaporation,
river runoff, precipitation, ice melting, and the
mixing and circulation of surface water in the
ocean with underground water. Changes in
ocean circulation and rising temperatures can
lead to higher evaporation, which in turn can
cause variations in sea salinity. The majority of
aquatic species can only survive at certain sa-
linity levels; changes to this range may result
in mortality and decreased productivity (Jahan
et al. 2019).

Changes in Sea Surface Salinity

Salinity levels over the ideal range have
been shown to impair red blood cells, growth,
and survival in stripped catfish, which may
have an impact on the immune system of the
fish (Jahan et al. 2019). This means that vari-
ations in sea salinity are anticipated to have a
detrimental impact on the profits realized by
some aquaculture species, which may have an
adverse effect on the social and economic di-
mensions of the sustainability of aquaculture

production. However, in downstream coastal
areas, there is a substantial correlation between
the increased salinity effect and aquaculture
production systems (Nguyen et al. 2018).

In general, Water salinity variations result
in greater mortality rates for a number of spe-
cies, which could have an impact on the sec-
tor's social and economic sustainability
through higher management expenses and a
rise in species losses (Maulu et al. 2021).

Impact of climatic change on aquaculture in
Egypt

Egypt is one of the nations that are thought
to be most vulnerable to climate change im-
pacts. These effects will have severe effects on
all sectors of the country including the aqua-
culture. Climate change may influence aqua-
culture through changes in fish species and
stocks as well as decreased land used for aqua-
culture, increased output and efficiency, im-
proved water quality, and increased fish prices.
The consequences of climate change pose a
threat to the expansion of sustainable aquacul-
ture as well, necessitating the development of
solutions for adaptation and mitigation
(Soliman 2017).

The effects of climate change on aquacul-
ture can be classified as direct or indirect. Di-
rect effects include changes in temperature,
water availability, and damage from extreme
weather events. Indirect effects include higher
costs for fishmeal and other aquaculture feeds
(Maulu et al. 2021). Temperature variations
have a direct impact on the biochemical reac-
tion rates that control the rates of fish cellular
functions, feeding, digestion, and metabolic
performance. These changes in turn impact the
growth performance of fish (Magouz et al.
2022), physiological status (Yilmaz et al.
2021), immune responses (Feidantsis et al.
2021), reproduction, behavior (Servili et al.
2020), and resistance to disease (Cascarano et
al. 2021) of different fish species in the wild
and in aquaculture.

Thus, this could negatively affect Egypt's
food security by having a large impact on ag-
uaculture productivity. Furthermore, climate
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change may result in a drop in Egypt's precipi-
tation; with some modelling suggests an annual
decline of up to 5.2% by 2030 and 7.6% by
2050. Thus, it would be wise for Egypt to iden-
tify adaptable methods for controlling climate
risks in susceptible regions (Islam et al. 2022).

In general, it is widely believed that fish
stocks in Egypt have drastically decreased re-
cently. The dramatic reduction in these re-
sources is a result of numerous obstacles that
Egyptian fisheries face in their development.
Several authors list the following as challeng-
es: excessive fishing effort, high levels of ex-
ploitation, destructive fishing practices (like
using small mesh gear and fishing for juve-
niles), growing tourism and industrial expan-
sion that destroyed habitat, pollution, climate
change, and global warming (Mohamed et al.
2020).

The potential impact of climate change on
the infectious diseases:

Disease is the main global challenge to the
aquaculture industry, with financial losses
from it estimated to be in the billions of US
dollars annually. Because intense aquaculture
production involves stressful conditions,
farmed fish are more susceptible to infectious
illnesses than wild fish (Oliveria et al. 2021).

Bacterial infections have been a serious
hazard to the majority of the aquatic environ-
ment for many years. Potential direct threats
from bacteria to aquatic animals include the
development of clinical diseases that result in
large-scale deaths. Indirect threats can also
arise from secondary infections with opportun-
istic organisms that are driven by environmen-
tal stress and the suppression of fish's acquired
and cellular immune barriers (Eissa et al.
2013).Infectious disease incidence can also be
impacted by climate change since it can short-
en pathogenic agent generation times and/or
increase their survival rates, improve disease
transmission, and increase the vulnerability of
the host to the infections (Marandi et al.
2022).

The connection between infectious disease
pathogens and their hosts, as well as the ways

in which environmental factors such as temper-
ature, salinity, and human disturbances impact
this relationship, are widely recognized. Some
researchers believe that anthropogenic stresses
are the fundamental cause of the increasing
number of diseases in aquaculture, as they
have in some cases altered the frequency, geo-
graphic distribution, and severity of disease
(Rowley et al. 2014).

Poikilothermic animals, such as fish, are
immediately impacted by environmental tem-
perature in all aspects of their physiology, in-
cluding the immune system. In a similar man-
ner, pathogens have ideal temperature ranges
for reproduction. Temperature plays a major
role in many fish diseases, determining wheth-
er an infection causes illness and death or im-
munity and recovery. For this reason, it is very
possible that fish may be more severely and
sooner affected by climate change than homoe-
othermic species (Marcos-Lépez et al. 2010).

One environmental factor contributing to
these newly emerging infectious diseases is
global warming. Variations in climate can be
attributed to different types of parasite/
pathogen—host relationships and the regions in
which they occur. Higher summer tempera-
tures in northern latitudes have an impact on
the potential for increased proliferation of mi-
crobial pathogens, including bacteria and fun-
gi. At the same time, these temperatures stress
fish immune systems and make them more sus-
ceptible to infection (Marcos-Lopez et al.
2010).

Many reverse biological processes have
emerged as a reaction to the world's first-ever
sharp increases in temperature, the ensuing low
levels of dissolved oxygen and the alteration of
other chemical properties of water, and the nu-
merous erratic farm management practices,
including the improper use of chemicals, hor-
mones, antibiotics, improper nutrition, improp-
er water treatments, scarcity of water, and pri-
mary reliance on agricultural drainage water.
Fish immune systems have been suppressed by
such reversible dynamic processes, leaving
them extremely vulnerable to microbial infec-
tion even in the presence of those common-
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place microorganisms that are always present
in pond water (Eissa et al. 2013; Eissa et al.
2016).

Common bacterial disease models with tight
link to climate change

The majority of raised fish in the Mediter-
ranean region and around the world suffer
from vibriosis, a common systemic disease
caused by bacteria of the genus Vibrio. The
most researched Vibrio pathogen is Vibrio an-
guillarum, which causes significant financial
losses in fish raised for food. This pathogen
multiplies quickly at 25-30 °C (Woo and
Bruno 1999), with an optimum around 25 °C,
being characterized by a polar flagellum essen-
tial for the motility, chemotaxis and host inva-
sion (Ormonde et al. 2000). The chemotaxis
of various Vibrio strains towards mucus ex-
tracted from gilthead seabream surfaces (skin,
gills, and intestinal mucus) has been investi-
gated at various temperatures (15, 22, and 27 °
C). For both V. anguillarum and V. alginolyti-
cus, the chemotactic reaction to skin mucus
had a positive correlation with temperature;
this relationship was less pronounced but still
evident for gill and intestinal mucus. A differ-
ent investigation discovered that at 25 °C,
chemotactic reactions were greater (Larsen et
al. 2004).

Vibrio alginolyticus is linkedto epizootic
vibriosis in gilthead seabream in the Mediter-
ranean region (Kahla-Nakbi et al. 2006; Cas-
tillo et al. 2015). Temperature-related adhe-
sion is a significant pathogenicity component,
as was previously established. Adhesion of V.
alginolyticus to intestinal mucus happens at 30
°C. Since the pathogen may be isolated at both
37 °C (on V. alginolyticus agar) and 15-25 °C
(on TCBS agar), disease outbreaks have been
documented in all seasons (Yan et al. 2007).
This disease has been linked to a number of
deaths in cultured gilthead seabream in Eilat,
Israel. The deaths occur in both earthen ponds,
where water temperature changes are greater
(i.e., 12-21 °C in winter and 23-33 °C in sum-
mer), and tanks with temperatures between 22
and 26 °C (Colorni et al. 1981). In Greece,
gilthead seabream vibriosis caused by V. algi-
nolyticus 1s typically noticed in the winter at

chilly temperatures (Bellos et al. 2015), In
contrast, V. alginolyticus has been observed in
mixed infections with V. harveyi, V. fischeri,
and V. splendidus in Spain during the spring
and summer (Garcia-Rosado et al. 2007). The
production of peritrichous flagella by V. al/-
ginoliticus, which cause swarming movements
on solid surfaces, is primarily influenced by
salt content and temperature. Similarly, re-
search revealed that the pathogen may develop
at temperatures between 20 and 44 °C, but that
at temperatures higher than 28 °C or 0.7%
NaCl, no peritrichous flagella develop (Du et
al. 2007).

The common bacterium that causes
pseudotuberculosis, also known as photobac-
teriosis or pasteurellosis, is Photobacterium
damselae subsp. piscicida. Previously known
as Pasteurella piscicida, it is the cause of
granulomatous formations and numerous white
nodules, or pseudotubercles, on the surface of
internal organs, particularly the kidney and
spleen. Given that this illness frequently has
no symptoms, it is also linked to abruptly high
fatalities. Pasteurellosis outbreaks are known
to happen in the summer (Woo and Bruno
1999) and have thus been connected to the rise
in water temperatures in Spain (mid-summer,
25 °C) and Japan (beginning of summer, 20—
25 °C). The first documented case of P. dam-
selae subsp. piscicida in juveniles gilthead
seabreams was in Spain during the summer,
with 40% of deaths occurring overall
(Toranzo et al. 1991). The pathogen has also
been observed in European seabass at lower
temperatures (18—19 °C) in Turkey and along
the French Mediterranean shore. The bacteria
grow best in vitro at temperatures between
22.5 and 30 °C, although they can grow at
temperatures between 15 and 32 °C. Asympto-
matic gilthead seabream broodstock can verti-
cally transfer the infection to larvae, which
then get ill when the water temperature rises.
Raising the temperature from 15 °C to 18-20 °
C raises mortality rates, whereas lowering the
temperature from 20 °C to 15 °C lowers mor-
tality, indicating that temperature manipulation
can be used as a disease control strategy
(Romalde 2002).

The opportunistic bacterium 7enacibacu-
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lum maritimum, formerly known as Flavobac-
terium maritimus, is the cause of "gliding bac-
terial disease," also known as tenacibaculosis,
which results in epidermal lesions on the
mouth, fins, and tail that can become ulcers, as
well as gill and eye necrosis. 7. maritimum is
an opportunistic pathogen that has been found
worldwide in several fish species. It is primari-
ly observed during stressful situations that af-
fect fish stocks. Temperatures from 15 to 34 °
C are suitable for its growth, with 30 °C being
the ideal range (Avendafo-Herrera et al.
20006).

This disease has been known to kill Euro-
pean seabass, and deaths have been reported in
Corsica and along the French Mediterranean
coast. The latter caused juvenile mortality to
cumulatively reach 25% at 12 °C (winter—
spring). Along Turkey's Aegean coast, spring
and summer temperatures above 15 °C have
been linked to mortality in all age groups of
European seabass (Yardimeci et al. 2017).

Mycobacterium species are the cause of
numerous fish diseases known as piscine TB,
or mycobacteriosis, which has been reported
globally. Focal granulomas and nodular lesions
are the result of chronic and subchronic infec-
tions of the skin and internal organs, primarily
the spleen, liver, and kidney (Jacobs et al.
2009). In Eilat, Israel, 7-year-old farmed fish
raised at 24 + 2 °C were found to have the first
incidence of systemic mycobacteriosis in Eu-
ropean seabass. After being plated on Lowen-
stein-Jensen media at various temperatures
(15, 20, 24, 30, 35, and 45 °C), the isolates
showed the best growth at 24 = 0.5 °C after
three weeks, slower growth at 15 and 20 °C,
and no growth at 30 °C (Colorniet al. 1992).

Inshore farms in the Tyrrhenian and south
Adriatic regions, where the water temperature
ranges from 19 to 21 °C, have recorded multi-
ple cases of mycobacteriosis on European sea-
bass (Mugettiet al. 2020). cultured meagre is
also vulnerable to mycobacteria, with an out-
break stated in meagre in Turkey during Sep-
tember 2013. Bacteria were isolated and grown
at 24-25 °C (Timuret al. 2015), While Mjyco-
bacterium sp. was isolated and cultured at 30 °

C from a summer outbreak that same year
(Avseveret al. 2014). M. marinum fish isolates
show significant strain variation (Ucko et al.
2002), which probable contributes to detected
alterations in their temperature requirements.

Aeromonas spp. are common bacterial in-
fections in finfish aquaculture and have been
extensively studied due to their wide host
range (affecting both warm and cold water
species as well as marine and freshwater spe-
cies) and severe clinical symptoms that result
in high fish mortalities. Hemorrhagic septice-
mia, cutaneous hemorrhages (mainly on the
fins and trunk), exophthalmia, stomach disten-
sion, and significant interior lesions
(hemorrhagic catarrh) are caused by a variety
of virulence factors possessed by these bacte-
ria. While 28 °C is generally the ideal tempera-
ture for A Aydrophila development, growth
can also occur at 37 °C (Woo and Bruno
1999), a temperature that permits zoonotic
transmission of this bacteria. Outbreaks in ag-
uaculture are typically linked to a variety of
stresses, including as abrupt temperature
changes and high temperatures. According to
reports, Aeromonasveronii 1s a significant
newly discovered infection that affects Euro-
pean seabass in Greece. When the water tem-
perature rises above 21 °C, this infection se-
verely kills adult fish (Smyrliet al. 2019). Due
to A veronii bv. sobria's ability to cause mor-
bidity at temperatures above 18 °C in the Ae-
gean Sea, outbreaks often take place in June
through August, when temperatures are be-
tween 24 and 26 °C. These bacteria don't seem
to develop at temperatures lower than 12 °C,
with an optimal growth temperature of 30 °C
(Smyrliet al. 2017). Infections with Aer-
omonas spp. have been previously reviewed as
the main source of bacterial illnesses in Greek
wild and farmed fish. Specifically, a greater
prevalence of aeromonads was noted in Euro-
pean seabass fry and gilthead seabream adults,
respectively. A sobria was the primary Aer-
omonas sp. recovered from these fish
(Yiagnisisand Athanassopoulou 2011).

The systemic disease known as yersiniosis,
which affects many fish species in temperate
and cold-water aquaculture in freshwater and
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marine habitats, is caused by Yersinia ruckeri.
One of the aquatic bacterial flora in aquatic
ecosystems, Y ruckeri is responsible for eco-
nomic losses in numerous nations, including
Great Britain, Canada, Switzerland, Denmark,
and Iran (Marandi et al. 2022). Temperatures
ranging from 9 to 37°C are suitable for Y
ruckeri development, with 22 to 25 °C being
the ideal range. When the water temperature
rises above 15°C, which stresses the fish, the
disease in salmonids gets worse and results in
higher morbidity and mortality rates. Because
of this, changes in the global climate, where
the water temperature rises throughout the
summer, might lead to an increase in disease
outbreaks in aquaculture (Kumar et al. 2015).
Despite the majority of bacterial isolates cul-
tured at 37 °C are not harmful to fish, biotype
IT strains have the ability to infect temperate
and tropical fish species, thus making the dis-
ease as a reemerging bacterial disease
(Wrobelet al. 2019). The degree of environ-
mental stress and certain virulence features of
the bacterial strains determine how severe the
outbreaks are. According to the risk frame-
work, which was created to look into how cli-
mate change would affect the introduction of
diseases in aquaculture, fish yersiniosis was
predicted to become more common and more
challenging to control in the event of global
warming (Marcos-Lopezet al. 2010).

Streptococcal infection, which was found
to be a serious fish illness and to infect nearly
all major farmed fish. In streptococcaceae, a
family of Gram-positive bacteria, pathogens
retrieved from diseased fish include main-
ly Sagalactiae, S dysgalactiae, S. ini-
ae, and Lactococcus garvieae (Liao et al.
2020). S. agalactiae is a fish species pathogen
that can infect freshwater and saltwater fish,
such as tilapia, catfish, eels, mullet, seabass,
ornamental fish, wild fish, and prawns. Recent
findings have shown that this species can
cause significant economic losses in aquacul-
ture (Chou et al. 2019). Streptococcus species
can be identified from healthy fish and are
commonly found in water, which can result in
the incorrect diagnosis of pathogenic strains.
The symptoms of infection include loss of ap-
petite, erratic swimming behavior, exophthal-
mia, corneal opacity and hemorrhage on skin

and fins, internally including hemorrhage, as-
cites, and kidney, spleen, and liver enlarge-
ment(Kitao 1993). A risk factor for S. agalac-
tiae outbreaks in tilapia is water temperature
above 27°C. The elevated mortality rates in
fish may be attributed to suppression of im-
munity brought on by the release of cortisol as
a result of thermal stress, which influences
both specific and non-specific immune re-
sponses (Marcusso et al. 2015). The inci-
dence of lactococcosis and streptococcosis in
freshwater farms in Iran is closely linked to
variations in water temperature, with the high-
est rate in summer at 16—18 °C (Soltani et al.
2015). Liao et al. (2020) concluded that the
sharp change in the temperature of the sur-
rounding environment can cause tilapia fish to
have a marked fall in white blood cell count,
which may be the reason for the fish's in-
creased vulnerability to streptococcal infec-
tion.

CONCLUSION

oday, one of the biggest issues facing

the entire world is climate change, to

which the world is growing more sus-
ceptible. Several environmental phenomena
have been linked to climate change such as
flooding, drought (water scarcity), extreme
heat, increase sea surface salinity and ocean
acidification, which have had detrimental ef-
fects on the spread of infectious diseases, food
security, and financial losses. Climate change
has negatively impacted the aquaculture indus-
try in a number of ways, either directly or indi-
rectly affecting the resources required for ag-
uaculture or the farmed fish. Temperature and
precipitation variations have an impact on wa-
ter quality factors like pH, salinity, and oxy-
gen, which are predicted to have an effect on
growth, survival, and reproduction. Addition-
ally, the increased physiological stress brought
on by  climate change increases
the susceptibility to disease. Egypt is among
the nations most impacted by the detrimental
consequences of climate change due to its
massive population. Egypt is especially vul-
nerable to the effects of climate change and
variability, especially in terms of water securi-
ty, agriculture, and fisherie. Furthermore,
Egypt's economy may suffer severely from
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climate change.

REFERENCES

Abdelsalam M, Elgendy MY, Elfadadny MR,
Ali SS, Sherif AH, Abolghait SK. 2022. A
review of molecular diagnoses of bacterial

fish diseases.Aquaculture International. 31
(1):417-434.

Abram Q, Dixon B, Katzenback B. 2017. Im-
pacts of Low Temperature on the Teleost
Immune System.Biology. 6(4):39.

Ahmed OO, Solomon OO. 2017. Effects of
Catfish (Clariasgariepinus) Brood-stocks
Egg Combination on Hatchability and Sur-
vival of Fish Larvae. Journal of Aquacul-
ture Research & Development. s2.

Avendafio-Herrera R, Toranzo A, Magarifios
B. 2006. Tenacibaculosis infection in ma-
rine fish caused by Tenacibaculummariti-
mum: a review. Diseases of Aquatic Or-
ganisms. (71):255-266.

Avsever ML, Cavusoglu C, GlinenMZ,
Yazicioglu O, Eskiizmirliler S, Didinen
BI, Tunaligil S, Erdal G, Ozden M. 2014.
Thefirst report of Mycobacterium marinum
isolated from cultured meagre, Argyroso-
musregius. Bull. Eur. Ass. Fish.Pathol.
(34): 4.

Bahri T, Barange M, Moustahfid H. 2018. cli-
mate change and aquatic systems,” in Im-
pacts of Climate Change on Fisheries and
Aquaculture,  Synthesis of  Current
Knowledge, Adaptation and Mitigation
Options, eds M. 1-17.

Barange M, Bahri T, Beveridge MCM,
Cochrane AL, Funge-Smith S, Paulain F.
2018. Impacts of Climate Change on Fish-
eries and Aquaculture, Synthesis of Cur-
rent Knowledge, Adaptation and Mitiga-
tion Options. Rome: FAO.

Cascarano MC, Stavrakidis-Zachou O,
Mladineo 1, Thompson KD, Papan-
droulakis N, Katharios P. 2021. Mediterra-
nean Aquaculture in a Changing Climate:
Temperature Effects on Pathogens and
Diseases of Three Farmed Fish Species.
Pathogens. 10(9):1205.

Castillo D, D’Alvise P, Kalatzis PG, Kokkari
C, Middelboe M, Gram L, Liu S, Kathari-

os P. 2015. Draft Genome Sequences of
Vibrio alginolyticus Strains V1 and V2,
Opportunistic Marine Pathogens. Genome
Announcements.3(4).

Cheung WWL, Frolicher TL, Lam VWY, Oy-
inlola MA, Reygondeau G, Sumaila UR,
Tai TC, Teh LCL, Wabnitz CCC. 2021.
Marine high temperature extremes amplify
the impacts of climate change on fish and
fisheries. Science Advances.7(40).

Chiaramonte L, Munson D, Trushenski J.
2016. Climate Change and Considerations
for Fish Health and Fish Health Profes-
sionals.Fisheries. 41(7):396-399.

Chou CC, LIN MC, Su FJ, Chen MM.2019.
Mutation in cyl operon alters hemolytic
phenotypes of Streptococcus agalac-
tiae. Infect Genet Evol. (67): 234-243.

Colorni A, Paperna I, Gordin H. 1981. Bacte-
rial infections in gilt-head sea bream Spa-
rusaurata cultured at Elat. Aquaculture. 23
(1-4):257-267.

Colorni AA. 1992. systemicmycobacteriosis in
the European sea bass Dicentrarchuslabrax
cultured in Eilat (Red Sea). Isr. J. Aquac.
(44): 75-81.

Du M, Chen J, Zhang X, Li A, Li Y.
2007.Characterization and resuscitation of
viable but nonculturable Vibrio alginolyti-
cus VIB283.Archives of Microbiology.
188(3):283-288.

Eissa AE, Moustafa M, Abumhara A, Hosni
M. 2016. Future Prospects of Biosecurity
Strategies in Egyptian Fish Farms.Journal

of Fisheries and Aquatic Science. 11
(2):100-107.

Eissa AE, Tharwat NA, Zaki MM. 2013. Field
assessment of the mid winter mass kills of
trophic fishes at Mariotteya stream, Egypt:
Chemical and biological pollution syner-
gistic model. Chemosphere. 90(3):1061—
1068.

Ellis AE. 2001. Innate host defense mecha-
nisms of fish against viruses and bacteria.
Developmental & Comparative Immunolo-
gy. 25(8-9):827-839.

Fahad S, Adnan M, Hassan S, Saud S, Hussain
S, Wu C, Wang D, Hakeem KR, Alharby

31



Rasmia and Alaaeldin

Egyptian Journal of Animal Health 4, 4 (2024), 22-35

HF, Turan V, Khan MA, Huang J . 2019a.
Rice responses and tolerance to high tem-
perature. In: Hasanuzzaman M, Fujita M,
Nahar K, Biswas JK (eds) Advances in rice
research for abiotic stress tolerance. Wood-
headPubl Ltd, Cambridge.201-224

Fahad S, Rehman A, Shahzad B, Tanveer M,
Saud S, Kamran M, Ihtisham M, Khan SU,
Turan V, Rahman MHU. 2019b. Rice re-
sponses and tolerance to metal/metalloid
toxicity. In: Hasanuzzaman M, Fujita M,
Nabhar K, Biswas JK (eds) Advances in rice
research for abiotic stress tolerance. Wood-
headPubl Ltd, Cambridge. 299-312

FAO. 2020.The State of World Fisheries and
Aquaculture 2020.Sustainability in Action.
Rome: FAO.

Feidantsis K, Portner HO, Giantsis IA, Mich-
aelidis B. 2020. Advances in understanding
the impacts of global warming on marine
fishes farmed offshore: Sparusaurata as a
case study. Journal of Fish Biology. 98
(6):1509-1523.

Feidi 1. 2018. Will the new large-scale Aqua-
culture projects make Egypt self-sufficient
in fish supplies? Mediterranean Fisheries
and Aquaculture Research. 1(1): 31-41.

Galappaththi EK, Susarla VB, Loutet SJT,
Ichien ST, Hyman AA, Ford JD. 2022. Cli-

mate change adaptation in fisheries. Fish.
(23): 4-21.

Garcia-Rosado E, Cano I, Martin-Antonio B,
Labella A, Manchado M, Alonso MC, Cas-
tro D, Borrego JJ.2007. Co-Occurrence of
viral and bacterial pathogens in disease
outbreaks affecting newly cultured sparid
fish. Int. Microbiol. (10):193.

IPCC. 2018. Global Warming of 1.5°C. An
IPCC Special Report on the Impacts of
Global Warming of 1.5°C Above Pre-
Industrial Levels and Related Global
Greenhouse Gas Emission Pathways, in the
Context of Strengthening the Global Re-
sponse to the Threat of Climate Change,
Sustainable Development, and Efforts to
Eradicate Poverty, eds

Islam MJ, Kunzmann A, Slater MJ. 2021. Re-
sponses of aquaculture fish to climate
changeinduced extreme temperatures: A

review. Journal of the World Aquaculture
Society. 53(2):314-366.

Jacobs JM, Stine CB, Baya AM, Kent ML.
2009.A review of mycobacteriosis in ma-
rine fish.Journal of Fish Diseases. 32
(2):119-130.

Jahan A, Nipa TT, Islam SM, UddinMdH, Is-
lam MdS, Shahjahan Md. 2019 May 9.
Striped catfish
(Pangasianodonhypophthalmus) could be
suitable for coastal aquaculture. Journal of
Applied Ichthyology. (35): 994-1003.

Kahla-Nakbi AB, Chaieb K, Besbes A,
Zmantar T, Bakhrouf A. 2006. Virulence
and enterobacterial repetitive intergenic
consensus PCR of Vibrio alginolyticus
strains isolated from Tunisian cultured gilt-
head sea bream and sea bass outbreaks.
Veterinary Microbiology. 117(2-4):321-
327.

Kaleem O, Bio SingouSabi AF. 2021. Over-
view of aquaculture systems in Egypt and
Nigeria, prospects, potentials, and con-

straints. Aquaculture and Fisheries. 6
(6):535-547.

Kandu P. 2017. “Papua New Guinea. Impacts
of climate variations on local fisheries and
aquaculture resources in PNG,” in Ecologi-
cal Risk Assessment of Impacts of Climate
Change on Fisheries and Aquaculture Re-
sources, ed E. J. Ramos (Peru: APEC
Ocean and Fisheries Working Group). 45—
49.

Khalil RH, Merna TTS, Abdel-latif HM. 2022.
Co-infection of Vibrio parahaemolyticus
and Vibrio alginolyticus isolated from dis-
eased  cultured  European  seabass
(DicentrarchusLabrax). Alexandria Journal
for Veterinary Sciences.75(2):46.

Kibria G, Haroon YAK, Dayanthi N. 2017.
Climate change impacts on tropical and
temperate fisheries, aquaculture, and sea-

food security and implications—a review.
Livestock Res. Rural Dev. 29:22.

Kiron V. 2012. Fish immune system and its
nutritional modulation for preventive
health care. Animal Feed Science and
Technology. 173(1-2):111-133.

32



Rasmia and Alaaeldin

Egyptian Journal of Animal Health 4, 4 (2024), 22-35

Kitao T. 1993. Streptococcal infections.
In Bacterial Disease of Fish; Inglis, V.,
Roberts, R.J., Bromage, N.R., Eds.; Black-
well Press: London, UK. 196-210.

Korun J, Timur G. 2005. The first pasteurello-
sis case in cultured sea  bass
(Dicentrarchuslabrax 1.) at low marine wa-
ter temperatures in Turkey.Israeli Journal
of Aquaculture - Bamidgeh. 57.

Kumar G, Menanteau-Ledouble S, Saleh M, El
-Matbouli M. 2015. Yersinia ruckeri, the
causative agent of enteric redmouth disease
in fish.Veterinary Research. 46(1):1-10.

Larsen MH, Blackburn N, Larsen JL, Olsen JE.
2004. Influences of temperature, salinity
and starvation on the motility and chemo-

tactic response of Vibrio anguillarum. Mi-
crobiology. 150(5):1283-1290.

Liao PC, Tsai YL, Chen YC, Wang PC, Liu
SC, Chen SC. 2020. Analysis of Strepto-
coccal Infection and Correlation with Cli-
matic Factors in Cultured Tilapia Oreo-

chromis spp. in Taiwan. Applied Sciences.
10(11):4018.

Lionello P, Scarascia L. 2018. The relation be-
tween climate change in the Mediterranean
region and global warming.Regional Envi-
ronmental Change. 18(5):1481-1493.

Magnadottir B. 2010. Immunological Control
of Fish Diseases. Marine Biotechnology. 12
(4):361-379.

Magouz FI, Amer AA, Faisal A, Sewilam H,
Aboelenin SM, Dawood MAO. 2022. The
effects of dietary oregano essential oil on
the growth performance, intestinal health,
immune, and antioxidative responses of
Nile tilapia under acute heat stress. Aqua-
culture.(548):737632.

Marandi A, FakhriDemeshghieh A, Almasi P,
Bashiri M, Soltani M. 2022. An overview
of climate change and prevalence of bacte-
rial diseases in salmonid aquacul-
ture.Sustainable Aquaculture and Health
Management Journal. 8§(2): 1-19.

Marcos-Lopez M, Gale P, Oidtmann BC, Peel-
er EJ. 2010. Assessing the Impact of Cli-
mate Change on Disease Emergence in
Freshwater Fish in the United Kingdom.

Transboundary and Emerging Diseases. 57
(5):293-304.

Marcusso PF, Aguinaga JY, Claudiano GDS,
Eto SF, Fernandes DC, Mello H, Marinho-
Neto FDA, Salvador R, Moraes JRE de,
Moraes FR de. 2015. Influence of tempera-
ture on Streptococcus agalactiae infection
in Nile tilapia. Brazilian Journal of Veteri-

nary Research and Animal Science. 52
(1):57.

Maulu S, Hasimuna OJ, Haambiya LH, Monde
C, Musuka CG, Makorwa TH, Munganga
BP, Phiri KJ, Nsekanabo JD. 2021. Climate
Change Effects on Aquaculture Production:
Sustainability Implications, Mitigation, and
Adaptations. Frontiers in Sustainable Food
Systems.(5): 609097.

Mehrim Al, Refacy MM. 2023. An Overview
of the Implication of Climate Change on
Fish Farming in Egypt.Sustainability. 15
(2):1679.

Mohamed AS, Mehanna SF, Osman YA, El-
Mahdy SM. 2020.Age, growth and popula-
tion parameters of the spiny squirrelfish,
Sargocentronspiniferum (Forsska®l, 1775)
from Shalateen fishing area, Red Sea,
Egypt. Egyptian Journal of Aquatic Biolo-
gy and Fisheries .24 (2): 469 480.

Morris AD, Braune BM, Gamberg M, Stow J,
O’Brien J, Letcher RJ. 2022. Temporal
change and the influence of climate and
weather factors on mercury concentrations
in Hudson Bay polar bears, caribou, and

seabird eggs. Environmental Research.
(207):112169.

Mugetti D, Varello K, Gustinelli A, Pastorino
P, Menconi V, Florio D, Fioravanti ML,
Bozzetta E, Zoppi S, Dondo A, et al. 2020.
Mycobacterium pseudoshottsii in Mediter-
ranean Fish Farms: New Trouble for Euro-
pean Aquaculture? Pathogens. 9(8):610.

Murray A, Falconer L, Clarke D, Kennerley A.
2022. Climate change impacts on marine
aquaculture relevant to the UK and Ireland.
MCCIP Science Review. 2.

Nguyen LA, Pham TBV, Bosma R, Verreth J,
Leemans R, De Silva S, Lansink AO. 2018.
Impact of Climate Change on the Technical

33



Rasmia and Alaaeldin

Egyptian Journal of Animal Health 4, 4 (2024), 22-35

Efficiency of Striped Catfish, Pangasiano-
donhypophthalmus, Farming in the Me-
kong Delta, Vietnam. Journal of the World
Aquaculture Society. 49(3):570-581.

Oliveira VHS, Dean KR, Qviller L, Kirkeby
C, Bang Jensen B. 2021. Factors associat-
ed with baseline mortality in Norwegian
Atlantic salmon farming. Scientific Re-

ports. 11(1):14702

Ormonde P, Horstedt P, O’Toole R, Milton
DL. 2000. Role of Motility in Adherence
to and Invasion of a Fish Cell Line by Vib-
rio anguillarum. Journal of Bacteriology.
182(8):2326-2328.

Portner HO, Langenbuch M, Reipschldger A.
2004. Biological impact of elevated ocean
CO2 concentrations: lessons from animal
physiology and earth history. J. Oceanogr.
(60): 705-718.

Ragab RH, Elgendy MY, Sabry NM, Sharaf
MS, Attia MM, Korany RMS, Abdelsalam
M, Eltahan AS, Eldessouki EA, ElI-
Demerdash GO. 2022. Mass kills in hatch-
ery-reared European seabass
(Dicentrarchuslabrax) triggered by con-
comitant infections of Amyloodiniumocel-
latum and Vibrio alginolyticus. Interna-
tional Journal of Veterinary Science and
Medicine. 10(1):33-45.

Roberts SD, Powell MD. 2005. The viscosity
and glycoprotein biochemistry of salmonid
mucus varies with species, salinity and the
presence of amoebic gill disease. Journal
of Comparative Physiology B. 175(3):1—
11.

Romalde JL. 2002. Photobacterium damselae
subsp. piscicida: an integrated view of a
bacterial fish pathogen. International Mi-
crobiology. 5(1):3-9.

Rowley AF, Cross ME, Culloty SC, Lynch
SA, Mackenzie CL, Morgan E, O’Riordan
RM, Robins PE, Smith AL, Thrupp TJ.
2014. The potential impact of climate
change on the infectious diseases of com-
mercially important shellfish populations
in the Irish Sea—a review. ICES Journal
of Marine Science. 71(4):741-759.

Rutkayova J, Vacha F, MarSalek M, Benes K,

CiviSova H, Horka P, PetraSkova E, Rost
M, Sulista M. 2017. Fish stock losses due
to extreme floods — findings from pond-
based aquaculture in the Czech Republic.
Journal of Flood Risk Management. 11
(3):351-359.

Servili A, Canario AVM, Mouchel O, Munoz-
Cueto JA. 2020. Climate change impacts
on fish reproduction are mediated at multi-
ple levels of the brain-pituitary-gonad axis.
General and Comparative Endocrinology.
(291):113439.

Shaheen A.2013. An industry assessment of
tilapia farming in Egypt. African Union —
Inter-African Bureau for Animal Re-
sources (AU-IBAR) http://www.tilapia-
farming.com/docs/global/egypt/
tilapia_farming_egypt.pdf .Accessed 4
February 2016.

Smyrli M, Prapas A, Rigos G, Kokkari C,
Pavlidis M, Katharios P. 2017. Aeromonas
veronii Infection Associated with High
Morbidity and Mortality in Farmed Euro-
pean Seabass Dicentrarchus labrax in the
Aegean Sea, Greece. Fish Pathology. 52
(2):68-81.

Smyrli M, Triga A, Dourala N, Varvarigos P,
Pavlidis M, Quoc VH, Katharios P. 2019.
Comparative Study on A Novel Pathogen
of European Seabass. Diversity of Aer-
omonasveronii in the Aegean
Sea.Microorganisms. 7(11):504.

Soliman NF. 2017. Aquaculture in Egypt un-
der Changing Climate: Challenges and Op-
portunities; Working Paper No. (4); Alex-
andria Research Center for Adaptation to

Climate Change (ARCA): Alexandria,
Egypt.
Soltani M, PiraliKheirabadi E,

TaheriMirghaed A, Zargar A, Mohamadi-
an S, Roohollahi SH, Zakian M.2015.
Study on Streptococcosis and Lactococ-
cosis outbreaks in rainbow trout farms in
Fars and Lorestan Provinces. J. Vet. Mi-

crobio. (11):49-58.

Sunyer OJ, Tort L. 1995. Natural hemolytic
and bactericidal activities of sea bream
Sparusaurata serum are effected by the al-

34


http://www.tilapia-farming.com/docs/global/
http://www.tilapia-farming.com/docs/global/

Rasmia and Alaaeldin

Egyptian Journal of Animal Health 4, 4 (2024), 22-35

ternative complement pathway. Veterinary
Immunology and Immunopathology. 45(3—
4):333-345.

Tanahara S, Canino-Herrera SR, Durazo R,
Félix-Bermudez A, Vivanco-Aranda M,
Morales-Estrada E, Lugo-Ibarra K del C.
2021. Spatial and temporal variations in
water quality of Todos Santos Bay, north-
western Baja California, Mexico.Marine
Pollution Bulletin. (173):113148.

Timur G, Urkii C, Canak O, G. Geng E, Ertur-
an Z. 2015. Systemic Mycobacteriosis
Caused by Mycobacterium marinum in
Farmed Meagre (Argyrosomusregius), in

Turkey. Israeli Journal of Aquaculture -
Bamidgeh. 67.

Tort L. 2011. Stress and immune modulation
in fish.Developmental and Comparative
Immunology. (35): 1366—1375.

Tramblay Y, Llasat MC, Randin C, Coppola E.
2020. Climate change impacts on water
resources in the Mediterranean. Regional
Environmental Change. 20(3):83.

Ucko M, Colorni A, Kvitt H, Diamant A, Zlot-
kin A, Knibb WR. 2002. Strain Variation
in Mycobacterium marinum Fish Isolates.
Applied and Environmental Microbiology.
68(11):5281-5287.

WendelaarBonga SE. 1997. The stress re-
sponse in fish.Physiological Reviews. 77
(3):591-625.

Woo PTK, Bruno DW. 1999. Fish, Diseases
and Disorders. Viral, Bacterial and Fungal
Infections; CABI: Wallingford, CT, USA,
Volume 3.

Wrobel A, Leo JC, Linke D. 2019. Overcom-
ing Fish Defences: The Virulence Factors
of Yersinia ruckeri. Genes. 10(9):700.

Yan Q, Chen Q, Ma S, Zhuang Z, Wang X.
2007. Characteristics of adherence of path-
ogenic Vibrio alginolyticus to the intestinal
mucus of large yellow  croaker

(Pseudosciaenacrocea). Aquaculture. 269(1
—4):21-30.

Yardimc1 RE, Timur G. 2015. Isolation and
Identification of Tenacibaculum mariti-

mum, the Causative Agent of Tenacibacu-
losis in Farmed Sea Bass

(Dicentrarchuslabrax) on the Aegean Sea
Coast of Turkey. Israeli Journal of Aqua-
culture - Bamidgeh. 67.

Yerlikaya BA, Omezli S, Aydogan N. 2020.
Climate change forecasting and modeling
for the year of 2050.Environment, climate,
plant and vegetation growth. 109-122.

Yiagnisis M, Athanassopoulou F. 2011. Bacte-
ria isolated from diseased wild and farmed
marine fish in Greece. In Recent Advances
inFish Farms; IntechOpen: London, UK.

Yilmaz S, Ergiin S, Celik ES, Banni M, Ah-
madifar E, Dawood MAO. 2021. The im-
pact of acute cold water stress on blood
parameters, mortality rate and stress-
related genes in Oreochromis niloticus,
Oreochromis mossambicus and their hy-
brids. Journal of Thermal Biology.
(100):103049.

Zhang P, Zhao T, Zhou L, Han G, Shen Y, Ke
C. 2019. Thermal tolerance traits of the
undulated surf clam Paphiaundulata based

on heart rate and physiological energetics.
Aquaculture. (498):343-350.

35



Rasmia and Alaaeldin Egyptian Journal of Animal Health 4, 4 (2024), 22-35

36



