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Heat Stress Physiology in Livestock:
From Cellular Damage to Production Loss

Introduction:

Heat stress occurs when
environmental and metabolic heat exceed
an animalis capacity to dissipate it,
disrupting homeostasis and reducing
growth, reproduction, immunity, and

product quality.
Cellular Basis:

Dr. M. Pallavi, Dr. Radhakrishna Pulikanti, Dr. D. Venkatesh, Dr. S. Akhilandeshwari,
Dr. P. Vaishnavi, Dr. N. Sneha Sri

aggregation, and stabilizing cells. Though
protective, prolonged stress overwhelms
their capacity.

Endocrine & Metabolic Responses:

Activation of the HPA axis increases

Adaptation & Mitigation:

e Physiological: increased respiration,
vasodilation, behavioral changes

e Nutritional: antioxidants, electrolytes,
strategic feeding

Management: cooling systems, shade,
water, precision monitoring

cortisol, reduces thyroid hormones (T3, L
T4), alters insulin-glucose metabolism, and

raises prolactin. Feed intake declines and @
energy shifts from production to survival.  Conclusion:

Heat stress induces oxidative stress
via reactive oxygen species (ROS), causing
. L . . Genetic: selection for heat tolerance
lipid peroxidation, protein denaturation,

DNA damage, mitochondrial dysfunction,
and apoptosis. Antioxidant enzymes (SOD,
CAT, GPx) respond but are depleted under

chronic stress.
Heat Shock Proteins (HSPs):

HSPs act as molecular chaperones by
refolding proteins, preventing

Physiological & Production Effects:

Heat stress links environmental load

Impacts include reduced intake, to cellular and systemic disruption.
growth, fertility, immunity, and altered
acid-base balance. Production
involve decreased milk, poor meat quality,

and reduced egg output.

Integrated strategies combining nutrition,
losses management, and genetics, supported by
precision technologies, are essential for
sustaining livestock productivity under

climate change. %

Heat Stress Physiology in Livestock:
From Cellular Damage to Production Loss
[ 2. CELLULAR RESPONSE: OXIDATIVE STRESS |

5
1. HEAT LOAD: TRIGGER

: ROS
High Temperature | > H,0,
“HighHumidity = O =
« Solar Radiation 4 7] 2 = ,Q =
« Poor Ventilation |2

THI 1

* Metabolic Heat
« Lipid peroxidation (membrane damage)

« Protein oxidation and denaturation
+ DNA damage

« Mitochondrial dysfunction

« Activation of apoptotic pathways

s

p
3. HEAT SHOCK PROTEINS (HSPs)

JEl bl b 4. ENDOCRINE & METABOLIC RESPONSES
* Upregulation of HSPs 1 Cortisol Activation of HPA axis,
(HSP70, HSPY0, etc.) N stress response
. i i TiT, . Reduced metabolic rate,
’j? 4 ::::::::;:;:::d Pt Yiluils less heat production
: « Stabilize cellular structures Altered Insulin | siftin energy
& Glucose metabolism

* Assist in protein transport

= 5. PHYSIOLOGICAL CONSEQUENCES
and degradation

& PRODUCTION LOSSES

D@ T e |

. Involved in
thermoregulation

dg 1 Prolactin
| Feed Intake

Less nutrient intake,
energy redirected to
maintenance

4 Milkyield | Growthrate | Eggproduction | Reproductive 4 Immunity 1 Body
&quality  &meat quality &quality performance & higher disease "';:"“'i'r;"'-
susceptibility vespirala;y
alkalosis

6. ADAPTATION & MITIGATION STRATEGIES
PHYSIOLOGICAL ADAPTATIONS NUTRITIONAL STRATEGIES MANAGEMENT INTERVENTIONS GENETIC & BREEDING APPROACHES

L™ 9 & & P & F oerrd

1 Respiration rate Shade Selection for Crossbreeding & Genomic &
structures & heat-tolerant performance biomarker
shelter breeds. recording tools

Peripheral
vasodilation

changes
(seeking shade,
reduced activity)

Feeding during
cooler periods

Improved
ventilation &
cooling systems

Clean water Monitoring tools
availability  (THI, sensors,
alerts)

balance &
hydration

(VitE, Se,
Vit C)

Integrated approach combining physiology, nutrition, management and genetics
is essential to build resilience and sustain livestock productivity in a warming climate.
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NATIONAL EGG COORDINATION COMMITTEE (NECC)’s
CONRIBUTION IN LAYER INDUSTRY GROWTH

Dr.A.Ezhil Kumar, Chief Operating Officer, National Egg Coordination Committee, Hyderabad

Cyl/a:cional Egg

Committee (NECC) is an apex body of
35,000 poultry farmers as its members
all over India functioning from 1982,
working for the well being of its
members and supply affordable protein
for people of India and with this
objective
promotional activities.

Co-ordination

undertake various egg

NECC - National Egg Co-ordination
Committee founded by Dr BV Rao garu
- Father of Modern Poultry Industry in
India, in 1982. Its main objective is to
promote the welfare of the poultry
farmers. To ensure that the poultry
farmers are given a fair and reasonable
price for their poultry produce - eggs.
This is the largest poultry farmers'’
organization in the world having 35,000
farmers as members.

Now the organization is headed by
Chairperson Mrs.Anuradha J Desai
based at Pune.

NECC functions through a 3-tier
network, i.e. Local Committees - at the
grass root level, zonal Committees — at
all important poultry pockets and an
Executive Committee at the Apex level.
The period of office of the Local, Zonal
& Executive Committees is 5 years.

NECC has 28 Zonal Committees and
80 Local Committees all over India
covering all states at grass root level
and NECC helping farmers by giving
suggested price every day thereby all
farmers are well aware of the price of
eggs traded in the market for the day
and they decide their egg price
depending upon the demand and
supply and negotiation power.

OBJECTIVES:

A. To promote the welfare of poultry
farmers in relation to the poultry
industry

B. To bring about a greater sense of
awareness in the poultry farmers
about the recent developments,
trends and innovations pertaining
to the industry

C. To form a strong and united body
that will identify the general
difficulties and problems faced by
the poultry farmers and attempt to
solve these problems in the most
satisfactory manner for their

consistant growth

D. Creating awareness by organizing
a strong and pervasive advertising
campaign that will enlighten the
consumer on the high nutritional
value of eggs, at a cheaper price
thereby promoting the
consumption of eggs, which will
lead to further expansion and
growth of poultry industry

E. To coordinate and work in liaison
with other organizations, Central
and State Governments, Public and
Private Institutions whose

objectives are similar and/or

complementary to those of the

NECC,
PRESENT ACTIVITIES

1. Suggesting farm-gate recommen-
ded egg prices all zones which will
help the farmers as a bench-mark
to avoid exploitation of farmers in
rural area and also consumers to
know the prices of poultry

products on day-to-day basis
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2. Organising and
conferences,

conducting
seminars and
discussions on various aspects
related to the poultry sector, open

to all the related

people/concerns

poultry

3. Collection, classification and
dissemination of  statistical
information relating to the poultry
sector to the members from time to
time

4. To promote egg consumption and
provide livelihood to the educated
unemployed youth NECC s
providing chicken and egg carts to
sell egg and chicken related dishes
to the consumers in various parts
of India

5. Eradication of mal-nutrition in the
poorer sections of the masses with
a request to the state governments
to implement supply of eggs in the
mid-day meal schemes

6. Undertaking price support
operations like diversion of surplus
eggs to the cold storage,
encouraging egg exports to other
countries which lead to the
expansion of poultry sector in the
domestic market with a reasonable
remunerative price to the farmers
for their poultry produce - eggs

Because of NECC's involvement in
the layer industry the suggested farm-
gate price has increased from Rs.2.44 in
2009 to Rs.5.35 in 2025

And the average per capita
consumption has increased from 18
eggs in 1982 to 106 eggs in 2025.

NECC will continue its efforts to
serve the poultry farmers for their
welfare and growth for ever. <




RINGWORM IN PETS: SPOT IT EARLY,
STOP THE SPREAD

Dr.Jatavath Jyothi’, Dr.R.Purshotham’, D.Rohit?, P.SaiRam’® and B.Akshith*
*Associate Professor & Head, Department of Veterinary Medicine, C.V.Sc, Mamnoor, Warangal.
1.Dr.R. Purshotham, Assistant Professor, Poultry Science, C.V.Sc, Rajendranagar. 2,3&4 UG Scholar, C.V.Sc, Mamnoor,PVNRTVU.

&kgin problems are often
considered minor and ignored until they
start spreading. One such condition is
ring worm - a disease that quietly
spreads from one animal to another and
from animals to humans without being
immediately noticed. It is a highly
contagious, zoonotic fungal infection
that affects pets, owners, veterinarians,
groomers and shelter workers.

Ring worm is a perfect example of
why human and animal health are
connected. Close  human-animal
contact and increasing pet ownership
facilitate interspecies transmission.
Environmental persistence of dermato-
phyte spores leads to repeated
exposure and reinfection. Warm, humid
climatic conditions favor fungal survival
and disease recurrence. Effective control
requires an integrated One Health
approach addressing animal treatment,
human protection, and environmental
decontamination.

The skin is the largest organ of the
body and acts as the first line of defense
against physical, chemical, and microbial
agents. It also plays a vital role in
protection, sensation, thermoregulation,
and immune defense. Anatomically, the
skin is divided into three major layers:
the epidermis, dermis, and hypodermis.
Each layer has a specific structure and
function and disease involvement
depends on the nature of the pathogen.
The epidermis is the outermost layer of
the skin and is composed of stratified
squamous epithelium. The superficial
portion of the epidermis, called the
stratum corneum, consists of dead,
keratinized cells. Ringworm primarily
affects this keratinized layer of the
epidermis. Dermatophyte fungi are
keratinophilic organisms. They produce
keratinase enzymes that allow them to

digest keratin present in the stratum
corneum, hair shafts, and nails.
Structurally, human and dog skin share
the same basic layers; however, key
differences affect disease susceptibility.
The epidermis in dogs is significantly
thinner, with fewer layers of the stratum
corneum, providing less physical barrier
against fungal invasion. Human skin is
more acidic, which naturally inhibits
fungal growth, whereas dog skin has a
near-neutral pH that favors
dermatophyte survival. Dogs possess a
dense hair coat that retains moisture
and warmth, creating a micro-
environment conducive to fungal
proliferation. Additionally, limited sweat
glands in dogs reduce natural skin
cleansing, increasing the risk of
dermatophytosis. Epidermal turnover
takes 28 days in humans and 22 days in
pets. Among skin diseases, parasitic and
allergic dermatitis are commonly
encountered in clinical practice.
Bacterial and yeast dermatitis also occur
frequently, often as secondary
infections. Fungal dermatitis, particularly
dermatophytosis or ringworm, although
sometimes considered less severe, is of
special importance due to its
contagious and zoonotic nature.

In clinical practice, skin lesions are
rarely caused by a single pathogen;
most cases involve more than one
etiological agent. Mixed infections are
common in dermatological conditions
because damage to the skin barrier by
one pathogen creates an entry point for
others. For example, dermatophyte
infection causes scaling and hair loss,
which predisposes the skin to secondary
bacterial colonization.

DEFINITION:

According to the World Health
Organization (WHO):
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Dermatophytosis is a superficial
fungal infection of keratinized tissues—
namely the skin, hair and nails—caused
by dermatophyte fungi belonging to
the genera TrichophytonMicrosporum
and Epidermophyton.

Based on their natural habitat and
host preference, they are classified into
three epidemiological groups.

1. Geophilic dermatophytes primarily
live in the soil and infect animals or
humans only accidentally. These
infections usually cause marked
inflammation because the host is
not their natural reservoir.

2. Zoophilic dermatophytes are
adapted to animals and are the
most important group in veterinary
practice. When transmitted to
humans, they often produce severe
inflammatory lesions, highlighting
their zoonotic importance.

3. Anthropophilic dermatophytes are
primarily adapted to humans and
usually  cause chronic, mild
infections with minimal
inflammation. Transmission to
animals is rare.

Across multiple veterinary studies,
Microsporum canis consistently accounts
for the majority of dermatophytosis
cases in dogs and cats, often ranging
between 60 to 80 percent.

Trichophyton mentagrophytes is the

second most common isolate,
particularly in dogs and in cases
associated with rodents or mixed
infections.
Factors:

Cats are more frequently affected
than dogs, and they also play a major
role as asymptomatic  carriers,

particularly of Microsporum canis. This
makes cats an important reservoir for




transmission to other animals and
humans.

Young animals are affected more
commonly than adults, primarily due to
immature immune responses and
incomplete development of protective
skin barriers.

Regarding sex, no strong gender
predisposition has been consistently
demonstrated, indicating that hormonal
influence is minimal in dermatophytosis.

Certain dog breeds, particularly
terriers, appear to be more prone,
possibly due to genetic factors affecting
skin barrier function and grooming
behavior.

In cats, long-haired breeds such as
Persians and Himalayans often develop
more severe or persistent infections. This
is attributed to dense hair coats that
retain  moisture, facilitate spore
adherence, and make complete topical
treatment and environmental
decontamination more challenging.

Predisposing Factors:

1. Disruption of the cutaneous barrier:
Any damage to the skin surface
facilitates dermatophyte adherence
and invasion of keratinized tissues.

2. Warm and humid environmental
conditions: High temperature and
humidity favour fungal survival,
spore germination, and
environmental persistence.

3. Impaired or immature immune
status: Reduced cell-mediated
immunity, especially in young or
immunocompromised animals,
increases susceptibility to infection.

4. Nutritional deficiencies: Deficiencies
in protein, zinc, and vitamins impair
skin integrity and immune defence

mechanismes.

5. Overcrowded and unhygienic
housing  conditions: Close
confinement increases  direct

contact and environmental
contamination with infective fungal
spores.

0,

% Persistently wet or matted hair coat:
Moisture retention and poor
aeration create an ideal
microenvironment for dermato-
phyte growth.

% Close and prolonged contact with
infected animals or contaminated
fomites: Direct contact or exposure
to contaminated grooming tools,
bedding, or surfaces facilitates
transmission.

R

% Physiological or environmental
stress: Stress-induced immuno-
suppression alters host resistance,
enabling fungal colonization and
persistence.

TRANSMISSION:

e Direct contact with infected or
carrier animals

® Zoonotic transmission from pets to
humans during handling

e Indirect transmission via
contaminated fomites (bedding,
grooming tools, cages)

e Environmental exposure, especially
soil (geophilic species)

e Self-inoculation through scratching
and grooming

e Transmission is favoured by skin
microtrauma, moisture, over-
crowding, and poor hygiene.

PATHOGENESIS:

Ringworm begins when infective
dermatophyte spores, originating from
soil, animals, or humans, come into
contact with the skin. These spores
adhere to the keratinized layers of the
skin and penetrate the stratum
corneum, which is rich in keratin. Once
established, dermatophytes produce
keratinase enzymes, enabling them to
digest keratin and use it as a nutrient
source. The enzymatic activity and
fungal metabolites trigger local
inflammatory reactions, resulting in
redness, swelling, increased warmth, and
alopecia.

As the host immune response
becomes active, the fungus gradually
moves away from the central area of
infection. This leads to central healing
with peripheral expansion, producing
the characteristic ring-shaped lesion
seen in dermatophytosis.”

“In ectothrix infection, fungal
hyphae and arthroconidia develop on
the surface of the hair shaft, destroying
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the cuticle and cortex from outside. Hair
becomes fragile and breaks near skin
surface. Wood's lamp may fluoresce
(especially M. canis). Common in cats
and dogs

In endothrix infection, the fungus
invades inside the hair shaft, filling the
cortex with arthroconidia while the
cuticle remains intact. Hair breaks at

scalp/skin level. No Wood’s lamp
fluorescence, important in human
ringworm.

Clinical signs:

Circular alopecic lesions with well-
defined margins. Scaling and crust
formation over affected areas, Erythema
(redness) and mild to moderate
inflammation, Broken hairs or “stubble”
appearance. Pruritus usually mild or
absent (may increase with secondary
infection)

Site of Lesions (Common Locations):
Face, muzzle, peri-ocular region, Ears and
pinnae

Forelimbs, paws, and claws, Trunk
and tail base

Humans: Annular (ring-shaped)
erythematous lesions with raised, active
borders

Central clearing with peripheral
scaling, Well-demarcated margins,Mild
to moderate pruritus (itching).

DIAGNOSIS:

Early diagnosis of dermatophytosis
is critical not only for treatment success,
but also for breaking the chain of
transmission.

Highly  contagious. Dermato-
phytosis spreads rapidly through direct
contact and contaminated

environments, making early
identification essential to prevent
outbreaks.

Limits lesion  severity, Early
intervention restricts fungal

multiplication, resulting in smaller, less
inflammatory lesions.

Reduces environmental
contamination: “Prompt treatment
reduces spore shedding, thereby

minimizing environmental persistence
and reinfection.”




<% Facilitates early treatment: “Early
diagnosis allows timely antifungal
therapy, leading to faster clinical
recovery.”

% Prevents chronic infection: “Delayed
diagnosis can lead to persistent or
recurrent dermatophytosis,
especially in young or
immunocompromised animals.”

% Protects immunocompromised

animals and people: “Early control
significantly lowers the risk of
severe disease in
immunocompromised pets and
humans, reinforcing the One Health
approach.”

In clinical practice, the diagnosis of
dermatophytosis is usually based on a
combination of rapid screening tests
and confirmatory methods. This table
highlights how each diagnostic
technique differs in accuracy, speed, and
practical applicability

Direct examination & Wood’s lamp::
These are screening tools—rapid,
inexpensive, but limited in species
identification.

Microscopy & Culture: Culture
remains the gold standard, allowing
species differentiation, though it is time-
consuming.”

PCR, MALDI-TOF & Genetic analysis:
Advanced techniques provide high
sensitivity and  precise  species
identification, but require specialized
facilities and cannot differentiate viable
from non-viable fungi

DERMOSCOPY: Involves using a hand-
held magnification tool for examining
cutaneous lesions including lesions
involving hair and nails. As it is non-
invasive, dermoscopy can be utilized for
both diagnosis and for monitoring
infections during treatment. Modern
advancements for dermoscopy include
using polarized light sources and
attaching the scope to a mobile device
to enhance the observation of
dermatological features. Dermoscopy is
mainly used in veterinary patients for
examining hair follicles and skin
Consequently, the accuracy of this
technique relies heavily on the skills and
expertise of the examiner.

WOODS LAMP EXAMINATION:

The application of a Wood's lamp to
examine for fluorescence is this tool
uses UV light (wavelength ranges
between 320 and 400 nm) to detect
fluorescence on skin and hair
characteristic of active dermatophyte
infection a commonly utilized di-
agnostic tool for dermatophytosis.
Dermatophytes that have been reported
to fluoresce under the Wood's lamp UV
light are M. canis, the per-cent of M. canis
isolates that exhibit fluorescence has
been reported to range from 30 to 100%
of cases. Fluorescence can be identified
even after the initiation of topical
therapies including lime sulfur dips and
topical shampoos. Other infections and
dermatological disorders such as
bacterial infections, yeast infections, and
pigmentary disorders can also fluoresce
under Wood’s lamp, which can lead to
false positives for dermatophytosis.

A TRICHOGRAM is a microscopic
examination of plucked hairs to
evaluate hair shaft abnormalities and
fungal invasion, especially useful in
dermatophytosis. The examination of
hair samples can determine if the
dermatophyte species is ectothrix or
endothrix

Potassium hydroxide (KOH) can be
applied to hair or skin scrapes to detect
the presence of fungal elements. While
this technique is very sensitive in
determining if fungi are present, it
cannot discriminate between living and
dead cells and cannot determine
specific species.

Mineral oil is another mounting
medium for clinical samples with the
advantage of not interfering with
fluorescent metabolites.

LACTOPHENOL COTTON BLUE is
another stain that targets chitin in
fungal cell walls, enhancing the
visualization of fungal structures. This
stain kills the fungi, reducing potential
contamination from handling the
sample.

Isolating and
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identifying

dermatophytes from a clinical sample
grown in a culture has been considered
the “gold standard” for diagnosing
dermatophytosis.

DERMATOPHYTE TEST MEDIUM
(DTM) contains phenol red, a dye that
changes color when the pH increases,
indicating the presence of a
dermatophyte fungal culture of
dermatophytes grown on Sabouraud
Dextrose Agar (SDA).

Microsporum  canis  typically
produces fluffy white colonies with a
characteristic  yellow to orange
pigmentation. Microsporum gypseum,
shows powdery to granular colonies
with buff or cinnamon coloration.
Trichophyton mentagrophytes form
white to cream, cottony colonies with
radial folds and a yellowish-brown.

Polymerase Chain Reaction (PCR)
has increased in use as a diagnostic
assay for detecting dermatophytes. PCR
is a more sensitive technique than
culture as it can detect fungal DNA even
if the culture is negative ELISA have
been developed to detect
dermatophytes using serum samples
from clinical cases and the evaluation of
antibody binding to purified M. canis
antigen

MALDI TOF: is gaining popularity
as a diagnostic method for detecting
and identifying fungal species.
Filamentous fungi can have varying
phenotypes, which can be detected by
changes in the protein spectra. While
this technique is relatively fast
compared to a culture.

Histopathology is a commonly
utilized technique for visualizing fungal
cells in tissues. While this method is
rarely used for dermatophytosis, it can
be beneficial for deep dermatophyte
infections as the dermatophytes have
invaded the dermis or deeper tissues.

Once dermatophytosis is confirmed,
timely and appropriate treatment
becomes essential topical therapy forms
the cornerstone of treatment, especially
in mild to moderate cases and as an
adjunct to systemic therapy in

generalized infections.




TREATMENT:
The commonly used topical
antifungal therapies for

dermatophytosis in dogs and cats, Lime
sulphur dip is the safest and preferred
option, especially in pregnant animals.
Azole-based shampoos like miconazole
and ketoconazole are effective for mild
to localized infections. Combination
shampoos with chlorhexidine further
reduce spore shedding.

Systemic therapy is indicated when
lesions are widespread, chronic, or
unresponsive to topical treatment
alone. Itraconazole is considered the
drug of choice due to its high efficacy
and tissue penetration, especially in
cats using pulse therapy. Ketoconazole
is a cost-effective option in dogs but is
contraindicated in cats due to toxicity.
Griseofulvin, though an older drug, is
now avoided because of its teratogenic
effects and risk of bone marrow
suppression. Terbinafine offers a shorter
treatment course but has limited safety
data in pets. None of these drugs are
safe during pregnancy, making careful
case selection essential. Systemic
therapy should always be combined
with topical treatment to reduce
environmental contamination and
prevent relapse.

Currently, a few inactivated
vaccines for animal ringworm exist,
primarily targeting Microsporum canis.
These products are marketed in parts of
Europe, CIS countries, and North Africa,
and are used under veterinary guidance
as adjuncts to treatment and outbreak
control.

A PHOTOSENSITIZER (e.g.,
methylene blue, toluidine blue,
5-aminolevulinic acid) is applied to the
lesion

The compound
accumulates in fungal cells

selectively

® The area is exposed to visible light
or LED/laser light

e Light activation generates reactive
oxygen species (ROS)

® ROS cause oxidative damage to
fungal cell walls and membranes,
leading to fungal death

LASER THERAPY:

Direct thermal damage to fungal cells
Disruption of fungal cell membranes
Reduction of local inflammation

Improved blood circulation and wound
healing

IMMUNOMODULATORS are
agents that enhance or regulate the
host immune response, helping the
animal’s body to control and eliminate

dermatophyte infections more
effectively.
traditional ethnoveterinary

remedies used in the management of
ringworm infections in animals. Plant-
based products such as neem, aloe vera,
garlic, turmeric, and coconut oil possess
documented antifungal, anti-
inflammatory, and wound-healing
properties. These formulations help
reduce fungal load, soothe inflamed
skin, and promote faster lesion healing.
Apple cider vinegar alters skin pH,
creating an unfavorable environment
for dermatophyte growth. Such
remedies are cost-effective, easily
available, and widely practiced in rural
and resource-limited settings. However,
ethnoveterinary treatments should be
used as supportive or adjunct therapy
rather than as sole treatment in severe
or generalized cases. Scientific
validation and standardization of doses
remain limited. Integration with
conventional  antifungal therapy
ensures better clinical outcomes and
reduces recurrence.

PREVENTIVE MEASURES:
Animal-Level Preventive Measures

e Early detection and isolation of
affected animals to prevent spread.

® Regular grooming and coat
inspection, especially in long-
haired breeds.

e Prompt treatment using

appropriate topical and/or systemic
antifungal therapy.

e Clipping of hair around lesions to
reduce fungal load and improve
drug penetration.

e Avoid overcrowding in shelters,
kennels, and breeding facilities.
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Environmental Control Measures

e Dermatophyte spores are highly
resistant and persist for months in
the environment.

e Daily cleaning of animal living
areas to remove hair and debris.

e Effective disinfection using:

e 1:10 bleach (sodium hypochlorite)

e Enilconazole

® Accelerated hydrogen peroxide

e Vacuuming with HEPA filters to
reduce airborne spores.

e Washing bedding, toys, and
grooming tools at high
temperatures.

Human & Household Preventive
Measures

e Hand hygiene after handling pets.

e Use of gloves
infected animals.

while treating

e Avoid close contact (sleeping,
cuddling) until infection resolves.

e Children, elderly, and
immunocompromised individuals
should be extra cautious.

e Educate pet owners about the
zoonotic nature of
dermatophytosis.

e Conclusion

e Dermatophytosis in pet animals is a
significant veterinary and public
health concern due to its
contagious and zoonotic nature.
Successful control requires a
multifaceted approach involving
early  diagnosis, appropriate
antifungal therapy, strict
environmental hygiene, and owner
awareness.

® Emerging therapies such as
photodynamic and laser
treatments offer promising adjunct
options but should complement
conventional treatment protocols.
An integrated One Health
approach is essential for effective
prevention, control, and long-term
management of dermatophytosis

K2

in pets and households. «
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Abstract

Aquaculture  diversification s
increasingly recognized as a key
strategy for enhancing fish production,
farm income and nutritional security in
India. Among the non-traditional
freshwater species, Roopchand fish,
scientifically identified as Piaractus
brachypomus, has emerged as a
promising candidate for commercial
culture owing to its fast growth,
omnivorous feeding habit and
adaptability to pond environments. The
present article provides a scientific
overview of the taxonomy, biological
characteristics, feeding behaviour, pond
management practices, polyculture
potential, health management and
economic significance of Roopchand
fish farming. Special emphasis is given
to  sustainability concerns and
biosecurity issues associated with the
culture of exotic species. The article
highlights the future prospects of
Roopchand aquaculture in India and
outlines research priorities required for
its responsible expansion.

Keywords: Roopchand fish, Piaractus
brachypomus, aquaculture diversi-
fication, freshwater fish culture, pond
management, sustainable aquaculture.

Introduction

Aquaculture has become one of the
fastest growing food-producing sectors
in the world, contributing significantly
to global fish supply and rural
livelihoods. In India, the rapid expansion
of freshwater aquaculture has

traditionally been based on Indian major
carps. However, increasing demand for
fish, rising production costs and market
competition have necessitated
diversification towards new candidate
species.

Roopchand fish, commonly referred
to as Pacu and scientifically known as
Piaractus brachypomus, has gained
attention as an alternative species for
commercial aquaculture. The species is
appreciated for its high growth rate,
efficient feed utilization, consumer
acceptability and adaptability to a wide
range of culture conditions. Its
introduction into Indian aquaculture
systems reflects the broader strategy of
enhancing productivity through species
diversification (FAO, 2018).

Taxonomy: Roopchand belongs to
the family Serrasalmidae and order
Characiformes. The species is native to
the Amazon and Orinoco river basins of
South America. It was introduced into
Asian aquaculture systems primarily for
its rapid growth and hardy nature
(Jhingran, 1991). Biologically, Roopchand
exhibits a deep, laterally compressed
body with strong dentition adapted for
omnivorous feeding. The species is

capable of tolerating moderate
fluctuations in water quality and
temperature. Optimal growth is
observed at water temperatures

between 24 and 32°C, with neutral to
slightly alkaline p* (FAO, 2018). These
characteristics make the species suitable
for semi-intensive and intensive
freshwater culture systems.

Feeding Habits: Roopchand is an
omnivorous species capable of utilizing
both natural pond productivity and
supplementary formulated feeds. The
species feeds on phytoplankton,
macrophytes, detritus and pelleted diets,
which allows flexible feeding strategies
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in different  culture systems.
Experimental and field studies have
shown that Roopchand performs well
on feeds containing 24-30% crude
protein, achieving favourable feed
conversion ratios under controlled
feeding regimes (Tacon and Metian,
2015). Under semi-intensive
management, the species can attain
800-1200g body weight within 6-9
months, demonstrating its high growth
potential (Nandeesha and Senthil, 2019).
Roopchand exhibits good compatibility
with Indian major carps and other
freshwater species in polyculture
systems. The species occupies a distinct
feeding niche and does not compete
severely with surface or bottom feeders.

Polyculture systems offer several
advantages, including higher total fish
yield, improved utilization of natural
productivity and reduced production
risk. Integration of Roopchand into carp
based polyculture systems can
significantly enhance overall farm
profitability (Nandeesha and Senthil,
2019).

Pond Preparation: Successful
Roopchand farming begins with proper
pond preparation. Earthen ponds with
clay loam soil and good water retention
capacity are preferred. Pre stocking
operations include drying of ponds,
eradication of predatory fishes,
application of lime to correct soil acidity
and fertilization to promote plankton
development.

Stocking density depends on the
intensity of culture. In semi intensive
systems, stocking densities of 3000-
5000 fingerlings per hectare are
commonly recommended. In

polyculture systems, stocking ratios are
adjusted to ensure balanced utilization
of pond niches (Jhingran and Pullin,
2015).




Water Quality Management:
Water quality management is a critical
determinant of growth performance,
feed efficiency and health status of
Roopchand fish in pond culture systems.
Maintenance of optimum
physicochemical parameters ensures
proper metabolic activity and reduces
stress-induced susceptibility to diseases.
The recommended water quality
parameters for Roopchand culture
include dissolved oxygen levels above
5 mg/L, p* between 6.5 and 8.5,
ammonia concentration below 0.05
mg/L and water transparency in the
range of 30-40 cm (Boyd, 2020; FAO,
2018). Regular monitoring of dissolved
oxygen, p#, temperature and ammonia
should be carried out to detect early
deviations from the optimum range.
Periodic water exchange, use of aeration
devices during early morning hours, and
removal of excess organic matter help in
maintaining favourable water quality.
Although Roopchand is considered
relatively hardy, prolonged exposure to
poor water quality may result in
reduced feeding, impaired growth and
increased disease incidence. Therefore,
systematic water quality monitoring and
timely corrective measures are essential
components of sustainable Roopchand
aquaculture.

Feed Management: Feed
management plays a decisive role in
determining the growth performance,
feed efficiency and profitability of
Roopchand fish farming. As an
omnivorous  species, Roopchand
efficiently utilizes both natural pond
productivity —and  supplementary
formulated feeds. In semi intensive
culture systems, pelleted feeds
containing 24-30% crude protein are
generally recommended to support
rapid growth and efficient feed
conversion (Tacon and Metian, 2015).
Feeding is usually practiced at 2-4% of
the standing biomass per day,
depending on fish size, water
temperature and culture intensity. The

daily ration should be divided into two
equal portions and supplied during
morning and evening hours to
maximize feed utilization and minimize
wastage. Overfeeding should be strictly
avoided, as uneaten feed deteriorates
water quality and increases the risk of
disease outbreaks.

Periodic estimation of biomass
through sampling is essential to adjust
feeding rates accurately. Adoption of
demand feeding, use of floating pellets
and maintenance of proper feeding
records contribute significantly to
improving feed efficiency and reducing

production costs (Nandeesha and
Senthil, 2019).
Health Management: Health

management is an integral component
of successful Roopchand aquaculture.
Although the species is considered
relatively hardy, stress due to poor water
quality, overcrowding, nutritional
deficiencies and sudden environmental
fluctuations may predispose fish to
bacterial and parasitic infections.
Preventive health management is more
effective than curative treatment.
Important preventive measures include
maintenance of optimal water quality,
use of healthy and certified seed,
avoidance of overstocking, regular pond
sanitation and periodic monitoring of
fish behaviour and feeding response.
The application of probiotics and
immunostimulants has been reported
to improve gut health and enhance
disease resistance (FAO, 2018).

In the event of disease occurrence,
early diagnosis and timely intervention
are essential to minimize mortality and
economic losses. Farmers are advised to
seek technical guidance from fisheries
extension personnel before using any
chemotherapeutic agents to avoid
drug misuse and environmental
contamination.

Harvesting: Harvesting is generally
carried out after 6-9 months of culture
when fish attain marketable size. Partial
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harvesting may be practiced to regulate
standing biomass and maintain growth
rates. Post-harvest handling involves
rapid icing, hygienic washing and
grading to maintain product quality.
Market acceptance of Roopchand is
increasing in many regions due to its
firm flesh, low fat content and attractive
appearance (FAO, 2018).

Conclusion:  Roopchand fish
farming represents a scientifically sound
and economically viable option for
aquaculture diversification in India. Its
rapid growth, feeding flexibility and
market acceptability make it suitable for
semi-intensive and intensive culture
systems. However, sustainable
development requires strict biosecurity
measures, environmental safeguards
and strong extension support. With
proper management and scientific
guidance, Roopchand aquaculture can
contribute  significantly to  fish
production, rural employment and food
security.
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Koopmans is
characterised by
her enormous
drive to ensure
that research
results are
applied. As a member of the Out
Break Management Team (OMT),
Marion Koopmans expressly
participates in the public debates.
In one fell swoop she became a
Dutch celebrity. She directly
experienced the friction that exists
between politics and science.
Despite the intimidation she faced,
she consciously continued to fulfil
this role and entered into dialogue
with unflagging energy, also on
social media and through frequent
appearances on television and
radio programmes.

Maria  Petronella  Gerarda
Koopmans, born on 21 September
1956, is a Dutch virologist and the
current Head of the Department of
Viroscience at Erasmus MC. Her
research focuses on emerging
infectious  diseases, including
noroviruses, as well as veterinary
medicine. In 2018, she received the
Stevin Prize from the Netherlands
Organisation for Scientific Research
(NWO). Additionally, she is a
member of the World Health
Organization’s scientific advisory
group.

Koopmans studied veterinary
medicine at Utrecht University in
the Netherlands, graduating with a
Master’s degree in 1976. She
continued at the university for her

doctoral research, earning two
graduate degrees in veterinary
medicine and becoming officially
registered as a  veterinary
microbiologist in 1977. Her growing
interest in virology led her to the
United States where she specialized
in viruses that can be transmitted
between animals and humans. From
1991 to 1994, Koopmans completed
a Fellowship at the Center for
Disease Control and Prevention
(CDCQ) focusing on enteric viruses.

Dr. Koopmans joined the
National Institute for Public Health
and the Environment (RIVM) in the
Netherlands as Chief of Virology. She
reorganized the department and
focused on translating their
laboratory research into practical
solutions for controlling infectious
diseases. In 2006, she became a
Professor of Public Health at
Erasmus Medical College in
Rotterdam which helped her to
further strengthen the evidence
base for infectious disease research.
Her laboratory combines basic
scientific research with
epidemiology to study the
pathogenesis of infectious diseases,
identify their transmission routes,
and develop diagnostic tools.

In 2003, during an outbreak of
Influenza A virus subtype H7N7 in
the Netherlands, Dr. Koopmans
faced her first major infectious
disease crisis. She played a key role
in developing a coordinated public
health response collaborating with
veterinarians and physicians to
quickly implement policy measures.
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Her leadership during the avian
influenza outbreak later proved
invaluable in handling subsequent
epidemics including the Middle East
Respiratory Syndrome (MERS) and
Zika virus. That same year, she was
part of the team that discovered
dromedary camels as an
intermediate host for the virus
responsible for MERS.

During the Ebola outbreak in
West Africa, Koopmans oversaw the
deployment of mobile laboratories
in Sierra Leone and Liberia. Her
team at Erasmus MC also trained
volunteers to manage testing and
treatment programs.

Dr. Koopmans is a member of
the Scientific Advisory Group (SAG)
for the World Health Organization’s
R&D Blueprint project which aims to
analyze failures in epidemic and
pandemic responses while working
to strengthen global disease
preparedness. As part of this
initiative, she evaluated the public
health response to the Zika virus,
identifying three key obstacles to an
efficient  response: delays in
regulatory approvals, logistical
challenges with laboratory support,
and the lack of a structured funding
timeline.

Dr.Koopmans also led the World
Health Organization’s Centre for
Emerging Viral Diseases. She serves
as the scientific coordinator for
COMPARE, a Horizon 2020 project
under the European Union's

Research & Innovation framework.
This initiative focuses on developing
next-generation

sequencing




techniques for identifying and
mapping outbreaks. Additionally,
COMPARE is dedicated to managing
and mitigating foodborne illnesses.

In 2018, Koopmans was
recognized by the Netherlands
Organisation for Scientific Research
(NWO) for her contributions to
understanding the transmission of
viruses from animals to humans.The
following year, she received a $9
million NWO grant to create the
Versatile  Emerging Infectious
Disease Observatory (VEO)
consortium. VEO aims to investigate
how environmental changes and
travel affect the risk of infectious
diseases including vector-borne and
zoonotic diseases as well as hidden
pathogens.

Dr. Koopmans authored an
article for Nature, in which she
advocated for a major overhaul in
epidemic preparedness and
response. She quoted the WHO's
leader on health emergencies who
stated, “We are entering a very new
phase of high-impact epidemics.
This is a new normal.” In 2019,
Koopmans was elected as a
member of the Royal Netherlands
Academy of Arts and Sciences.

From the beginning of 2020,
Koopmans focused on studying
SARS-CoV-2 and the spread of
COVID-19. In the Netherlands, she
prioritized  testing healthcare
workers and discovered a significant
number of asymptomatic carriers
within the population. Along with
her team at Erasmus MC, she
worked to assess the effectiveness
of antibody tests. In addition to

leading the scientific response,
Koopmans played an active role in
communicating research findings to
the public using social media and
media interviews to share the latest
updates on the virus.

Dr.Koopmans has stated that as
humans continue to expand their
presence on Earth, the risk of
dangerous diseases transmitted
from animals to humans will
increase. She was appointed to the
European Commission’s COVID-19
advisory panel, which worked to
provide public health
recommendations to member
states during the pandemic. On 2
December 2020, she was selected to
join the 13-member team tasked by
the World Health Organization to
investigate the origins of COVID-19.

Dr. Koopmans is a member of
both the Royal Netherlands
Academy of Arts and Sciences
(KNAW) and the Royal Holland
Society of Sciences (KHMW). KNAW
serves as the leading forum for
science in the Netherlands,
representing the voice and
conscience of the scientific
community. It is an exclusive society,
with  membership granted for
outstanding scientific
achievements, and members are
appointed for life. The Royal Holland
Society of Sciences, founded in 1752
in Haarlem, is one of the country’s
oldest scientific societies.

Dr. Koopmans and Diederik
Gommers, president of the Dutch
Society for Intensive Care, were
awarded the 2020 Machiavelli Prize
for their exceptional efforts in public
communication. Their dedication to

making scientific information about
the coronavirus accessible to a
broad audience was recognized as
an outstanding achievement.

The Pandemic & Disaster
Preparedness Center (PDPC) was
founded in 2021, with Marion
Koopmans as its initiator. The
center’s goal is to draw lessons from
the COVID-19 pandemic and
enhance preparedness for potential
future pandemics and disasters,
both in the Netherlands and
globally. Dr. Koopmans serves as the
scientific director of the center.

She is director of the WHO
collaborating centre for emerging
infectious diseases at Erasmus, and
Scientific  Director  “Emerging
infectious  diseases” of the
Netherlands Centre for One Health.
Marion Koopmans chairs the lab
technical working group of the
WHO EYE initiative (elimination of
yellow fever epidemics). She has co-
authored more than 500 papers that
have been cited more than 20,000
times.

Dr.Marion Koopmans combined
her passion for science and
educational  innovation  with
communicating scientific
knowledge to a wider audience, a
rare phenomenon.

Experience is an emotional
process, the journey from the
head to the hear t. To enable

experience (anu-bhava) one has
to simultaneously perform the
inner journey of practice (Yoga)
and the outer journey of
performance (Yajna).

- Bhagvad Gita
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