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Learning objectives

*To understand the requirements and criteria for Checklist 4

*To recognize the importance of very important pieces of
information needed, especially in aquaculture setting,
e.g. permissive temperature for the occurrence of disease of concern
and the time of active aquaculture operations (for life stages most

likely to develop cases)

*To apply the disease clustering information in Checklist 6 and 7
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Presentation topics

*Disease versus infection
Disease patterns

*Spatial and temporal clustering
*Risk factors

*TiLV risk factor
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&% Diseases in fish populations

* Most diseases do not occur

SUSTAINABLE at random in a fish population —
DEVELOPMENT

G<:ALS they follow distinct patterns
according to exposure of individuals
in the population to various factors
associated with the host, agent and
environment

* Clustering of disease may occur in
space (e.g. tank, pond, farm, or
compartment), time (e.g. season), or
animal subgroups (e.g. age,
physiological condition).

* Clustering should be taken into
account in the design of surveillance
activities and interpretation of

surveillance data.




&W‘/Q Web of causation for fish diseases

SUSTAINABLE Host Population Density Human Intervention Hatchery/Wild Fish Interaction
DEVELOPMENT

Gi3ALS

Deterioration of habitat Inter/Infraspecific Competition

Water Temperature Dissolved gases l

Toxins

Disease

R.P. Hedrick, 1998. Relationships of the host, pathogen and environment: Implications for diseases
of cultured and wild fish populations. Journal of Aquatic Animal Health 10:107-111.




* We can examine patterns of disease by looking at individual animals or
some other unit of study that is an aggregation of animals (farm, herd, flock,
shed, tank, cage, pond, village, district, province, state, etc.)

* In medical epidemiology and with many livestock and aquatic animal diseases,
the unit of study may be the individual person or animal. Focus on identifying
factors that make some animals more susceptible to TiLV than others.

* However, in many cases, the unit of study can be aggregations of individuals,
so that an epidemiologist might be interested in risk factors for the occurrence of
TILV at the farm or village level, rather than in individual animals.

 The unit of study is the biological unit of primary concern in an
epidemiological investigation and may be individual animals or aggregations
of animals at various levels.
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Example:

* |t may be observed that in a particular country or region outbreak of
TiLV appears to be more common during summer months.

* Here the unit of study is the farms and the characteristic that seems
to be associated with environmental temperature.

* An epidemiologist is interested in identifying factors associated with a
higher prevalence of disease.

 These factors can then be manipulated to help control the disease in
future outbreaks

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Characteristics of the unit of study

*\When describing patterns of disease and relating those
patterns to factors of the unit of study, it is important that the
chosen characteristics are relevant to the chosen
unit of study.

*For example, the characteristics of species, sex and age are
relevant where the unit of study is the individual animal but
are not relevant where the unit of study is the farm or pond.

30 March 2021 9
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QVQ Possible units of study in hierarchical order

EXAMPLES OF RELEVANT
LB RIS RS CHARACTERISTICS (LIVESTOCK)

SUSTAINABLE
DEVELOPMENT
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Animal Management unit: pen, pond,

cage, mob, paddock Species, sex, age, breed, weight

Location, size, source of stock,

Farm production method, other enterprises

Location, number of farms, geographic and

Village/Locality climactic factors, farming practices

Location, state, size, government services,

District/Region geographic and climactic factors

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Population matters

*The population at risk is the population of individuals susceptible
to a particular disease and who have some likelihood of exposure.

*The population at risk includes non-diseased individuals as well as
diseased, and provides the denominator for prevalence and
incidence calculations.

*The population at risk does not include individuals that are not at
risk of the disease, because of either innate or acquired immunity.

30 March 2021 11
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Example:

* |n an outbreak of TiLV, the population at risk is
all Tilapia farms in the country.

« |f the unit of study is defined as a pond or farm of aquatic animals,
then the population at risk is the population of farms (or
management units) that are susceptible to the disease, not the
individual animals.

» EUS (Infection with Aphanomyces invadans) has been confirmed in
94 fish species. However, some species such as common carp, Nile
tilapia and milk fish have been considered to be naturally resistant to
infection with A.invadans (Lilley et al., 1996). Those fish species are
excluded from population at risk.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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 When investigating a particular disease within a single farm, the
at-risk population may be all the animals on that particular farm
or it may be limited to a particular subset of animals on the farm
such as animals of a particular age or management group.

* On the other hand, if an outbreak of TILV were to occur in
country X, the at-risk population would be regarded as the entire
Tilapia population.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Natural History of Disease in
Individuals and Populations

* To understand and use knowledge of the progress of disease in
an individual animal over time (without intervention) as it occurs
In the natural situation (rather than a controlled situation such

as in a laboratory or tank experiment).

* |t begins with exposure of the host to the disease agent and
progresses through to either recovery or death.

* The epidemiologist is interested in using popu

ation-based

methods to identify the important factors affecting this natural

history, with the intention of identifying possib
prevention and control.

e methods of

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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» Exposure refers to interaction or contact between the
infectious agent and the host. (Not every animal that is
exposed will get infected).

* Infection typically means that the infectious agent is present
on or within the host animal and is capable of surviving and
replicating.

 Once an animal is infected there is usually a period of time
before the animal develops any clinical signs of disease
(incubation period).

 Animals that develop signs of disease may recover, become

a carrier, or die depending on the disease.
TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021 15



* Infected animals may never develop clinical signs of disease
while in other diseases almost all infected animals may develop
signs of disease.

» Some diseases are capable of producing persistent infection
or carrier states in infected animals.

* Animals may show little or no signs of infection but may be
capable of shedding the infectious agent posing a risk to
susceptible animals.

* Recovered animals ma develog immunity to the infectious
agent so that if exposed again they do not become infected.

 Immunity may last a lifetime for some diseases while for other
diseases it may be shorter and as immunity wanes, animals
may become susceptible to infection again.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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These different stages of disease are collectively
referred to as the spectrum of disease:

RECOVERD
(IMMUNE)

INCUBATING
(PRE-CLINICAL) CLINICAL DISABLED

EXPOSURE TO INFECTIONS DIAGNOSIS
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Infectious disease pattern: What do we know about TiLV?

Usual time
of diagnosis

Pathologic Onset of

B Changes  Symptoms

Stage of Stage of Stage of Stage of Recovery,
Susceptibility Subclinical Disease Clinical Disease Disability or Death

|

May vary from fish to fish and are influenced by preventive and therapeutic measures

lllustration: F. Mardones



Incubation period

* The time period from exposure to infection through to when
clinical signs are first manifested.

* When an infectious disease agent is first introduced into a
susceptible population, there will be very few animals in the
clinical and subsequent states.

* As the epidemic progresses, the number of animals with
clinical disease will increase and then slowly decrease
while the number of susceptible animals will decrease and
the number of recovered animals will increase (assuming
no mortality).

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Infectivity, pathogenicity and virulence

* These terms all relate to the severity of a disease in a
population, but each operates at a different point in the natural
istory of the disease.

* In epidemiology:

» Infectivity refers to the percentage (or proportion) of susceptible
individuals exposed to a particular agent
who become infected.

 Pathogenicity refers to the percentage of infected individuals who
develop clinical disease due to the particular agent.

» Virulence refers to the percentage of individuals with clinical
disease who become seriously ill or die.




Example:

 When infection with A.invadans spreads into a fish culture pond,
such as a snakehead fish pond, high morbidity (>50) and high
mortality (>50) might be observed in those years that

have a long cold season, with water temperature
between 18 and 22 of C.

* High levels of mortality have been reported in association with
TILV infections on all three continents. Mortality levels of above
80% have been observed in affected farmed populations in
Israel, while no such level of mass mortality has been reported
in wild stocks from which positive samples have been obtained.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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AL} Herd immunity

S * Progress of a disease in a population is also affected by
GOGALS herd-immunity effects.

 Herd immunity is the immunologically derived resistance of a
group of individuals to attack by disease based on the
resistance of a large proportion, but not all, of the group.

 Herd immunity may arise from:

* |nnate immunity (although this may not always have an
immunological basis)

* Natural infection
 \accination.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Herd immunity

*Herd immunity will slow the rate of transmission of a disease
within a population, with the magnitude of the effect
depending on the level of herd immunity.

o|f herd immunity Is high, infection may fail to establish or can
be eliminated from the population. It is not necessary for all
individuals in a group to be immune to eliminate infection.

30 March 2021 24
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Transmission, Spread and Maintenance of Infection

To understand how disease patterns are created, we must
understand how disease agents (organisms) move around in
the population — from animal to animal, farm to farm, etc.

*\e also need to know how agents can persist in a population
and not be easily detected.

30 March 2021 25
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Transmission and spread

*The chain of infection is the series of mechanisms by which an infectious
agent passes from an infected to a susceptible host.

*To move around in a population, a disease agent must escape from
Infected hosts and find new susceptible hosts.

Infected D) Method of Susceptible
host /E L (Ww) transmission o) ] host

/
Portal Portal
of exit of entry

Chain of infection for infectious disease agents
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Transmission and spread

These terms have related meanings and are often used
synonymously.

* Transmission refers to the movement of infection from an infected
animal to a susceptible animal within an infected population.

 Spread refers to the movement of infection from an infected
population or subpopulation to a susceptible population or
subpopulation.

30 March 2021 27
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Methods of transmission and spread

* The most fundamental level of interest is transmission from
animal to animal.

* However, within a particular farm there may be interest in

methods of spread from one management group to another.

* At a higher level, the interest will be in methods of spread
from farm to farm.

» Finally, quarantine authorities are interested in mechanisms
of spread from country to country.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Methods of transmission for infectious diseases

DIRECT TRANSMISSION OR SPREAD

Direct contact

Contact with discharge
(Vomitus, feces, etc. )

Horizontal Transmission
Cannibalism
Vertical Transmission Transmission though egg or sperm
INDIRECT TRANSMISSION OR SPREAD

Droplet Nuclei (~<5 um)

Airborne Transmission

Dust (~<5 pum)

Vector Mechanical Vector Arthropods, birds or other
Biological Vector animal or aquatic species
Fomites

Vehicle Transmission Vehicles, personnel, equipment

Animal Products

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021

29



Maintenance of infection

* A pathogen must be able to survive in host animals and the
external environment or vectors and reservoirs.

* Within the host, defense mechanisms will either eventually
terminate the infection or the host will die.

* However, infection can persist and the host will appear relatively
normal (known as carriers).

* Acarrier is an animal that is capable of transmitting infection but
shows no clinical signs. A carrier can be incubatory,
convalescent or chronic.

» Carriers are very important in the maintenance of infectious
diseases in populations
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Disease reservoirs

*Some agents can infect more than one host species. Thus,
persistence of infection is facilitated by the presence of a range of
host species of varying susceptibility to disease.

*An animal is said to be a reservoir host when it is the host species
in which the disease agent normally lives and persists in a
population and from which it can spill over to other species of
hosts and cause disease.

30 March 2021 31
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vy Example:

* Fish-borne zoonotic trematodes (FZT) pose a risk to human
food safety and health and may cause substantial economic

losses in the aquaculture industry. In Nghe An Province,
Vietnam, low prevalence of FZT for fish farmers but high

prevalence for fish indicate that reservoir hosts other than
humans may play a role in sustaining transmission

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Disease reservoirs

* Areservoir is any animal, plant or environment or combination of
these in which an infectious agent normally lives and multiplies
and upon which it depends as a species for survival in nature. A
disease reservoir can be a source of infection.

 An outbreak may occur when circumstances permit effective
contact to be made with the reservoir of infection.

» Some pathogens can persist in a population by surviving for long
periods of time within vector species.

* In the external environment, pathogens are exposed to

variations in temperature, humidity, concentrations of various
chemicals (e.g. oxygen, salinity) and sunlight.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Ecology of Disease

* To investigate disease in populations, we need to understand the
relationships among the hosts, agents and environments.

* e.g., Climate
« geographical distribution of animal species, disease agents
and disease vectors

* The study of the relationship among animals, plants and their
environment in nature is known as ecology.

» Ecology of disease extends this basic concept to include pathogens
(agents of disease).

* Ecology of disease is the relationship among animals, pathogens and
their environment in a natural situation without intervention.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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&W‘/Q List of factors related to agent,
host and environment

ST
COALS I ) GENT HOST ENVIRONMENT
Infectivity Species Climate/Weather
Pathogenicity Genotype Water system
Virulency Phenotype Water quality
Immunogenicity Age Food
Antigenic Variation Sex Geology
Survival Nutritional Status
Physiological Status
Pathological Status
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Patterns of Disease by Animal or Other Unit of Study

* The epidemiologist uses methods that document the patterns of
disease in populations and by analyzing these patterns, a better
understanding of the cause of disease can be obtained.

 Temporal and spatial patterns

* Also extended to the characteristics of the unit of study (animals,
herds, farms, etc.).

* Some species, sex or age-class of animal can be more affected
by disease than others even though they share a similar
environment.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021 36
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Disease Patten

The causative agents for the mass mortalities in tilapia aquaculture are very
likely to be due to multiple pathogens

TiLv The study showed that TiLV-Aeromonas spp. coinfections worsen the
disease state of tilapia and result in higher mortalities than infection of either
TiLV or A. hydrophila alone.

EUS Around 94 species of fish have been confirmed by histological diagnosis to

be naturally affected by A.invadans
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Q\W‘/Q Patterns of Disease by Time

susTAIASLE The timing of onset of cases of disease in a population tends to follow

GALS one of four patterns:

1. Cases may occur in a sporadic fashion.

2. Cases may occur regularly at a fairly constant level.
The disease is often referred to as being endemic.

3. Cases may occur in time clusters, a pattern typical
of outbreaks or epidemics.

4. |f an epidemic takes international proportions and affects
a large proportion of the population, it is termed a pandemic.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Epidemic curves

« Summary of the temporal pattern of disease events

* Provides a visual display of the scale or magnitude of the event and
the rate at which new cases are occurring.

* Represents in a graphic form the onset of cases of the disease, either
as a histogram, a bar graph or a frequency polygon.

* The frequency of new cases (or outbreaks) is plotted on the y-axis
over a time scale on the x-axis.

* A typical epidemic curve may be conceived of as having four and
occasionally five segments
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% Five stages of an epidemic curve
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Number
of cases

Time
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Different types of epidemic curve

For sporadic disease, most time periods have no cases, with
occasional periods experiencing small numbers of cases.

*For the endemic disease, the number of cases fluctuates between
time periods but remains at a fairly stable level.

*For the epidemic disease, the number of cases increases sharply
from its Initial endemic level and then declines slowly back to that
level.
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The shape of the curve

* An epidemic is said to occur when the frequency of
cases (or outbreaks) in a population clearly exceeds
the normally expected level for a given area and
season.
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Time interval of the epidemic curve

« Basis of the incubation or latency period and the period over
which the cases are distributed.
e.gd., hours in acute intoxications to months in infectious agents
with a long incubation period.

» Caution: Overly long intervals obscure subtle differences in temporal
patterns, including secondary peaks resulting from animal-to-animal
fransmission.

* Rule of thumb: use interval between one-eighth and one-quarter as
long as the estimated incubation period. Also plot several epidemic
curves based on different graphing intervals and then select the one
that best portrays the data.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Drivers for the duration of an epidemic

 The number of susceptible animals exposed to a source of
infection that become infected

* The period of time over which susceptible animals are exposed
to the source

 The minimum and maximum incubation periods of the disease

* The level of contact between infected and susceptible animals.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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* Qutbreaks involving a large number of cases, with
opportunity for exposure limited to a day or less,
of a disease having a maximum incubation period
of a few days or less, usually have an epidemic curve
which approximates a ‘normal’ distribution.

* Such epidemic curves usually indicate a common source
origin with exposure over a short period relative to the
maximum incubation period of the disease.

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021
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Main and secondary peaks and index case

*Secondary peaks due to: Main Poak

* Introduction of susceptible ~ * | e
animals into the previously -
epidemic area : fe

o

» Movement of infected 5 -
animals from the epidemic
area and contact with S N . s e A L
susceptible animals ‘ Time

Incubation period: 2 to 5 days
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Why do epidemics occur (risk for TiLV outbreak)?

 Recent introduction of the agent into a susceptible population.

* Recent introduction of a susceptible group of animals into
an infected area.

 Recent increase in virulence or amount of the agent.
 Change in the mode of transmission of the agent.
 Change in host susceptibility or response to the agent.

« Factors causing increased host exposure or involving new portals of entry

¢ ?

TCP/INT/3707: Strengthening biosecurity (policy and farm level) governance to deal with Tilapia lake virus 30 March 2021

49



Pathogen release
from fish farms

Pathogen release from

Exposure via water infected wild and
introducedfish or

Live fish
direct introduction of pathogen to farm source escapeesfrom other farms

and eggs water by susceptible fish populations and
activities upstream Pathogen release from
processing activities

Flooding of farm with
contaminated water

Infected live fish (from
other farmed or wild
stocks) moved onto site
(for ongrowing, stock
enhancement or processing)

Contaminated eggs
moved onto site

¥/
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Freshwater
fish farm

Fish '
processing Short distance
on site mechanical

transmission

avian and mammalian
predatorsand other animals

Distance Sntsrmethe st
independent
mechanical
giitia Contaminated farm
transmission quipment brought onto site

ontaminated waste
v gy (o6 pomps, raders, e
transport water Contaminated vehicles T —

enteringthe site (fish gersush
People (farm staff, staff shared with other  transporters, processors. o e
sites and visitors including fishery anglers]  |orries, feed lorries, other contmlnlm 4 o
wearing contaminated shoes or deliveryand visitors’ angling equipme
clothing vehicles)

Fig. 1. Pathways of pathogen introduction to a freshwater fish farm. Freshwater fish farms may be exposed to multiple routes of pathogen introduction,
which can be grouped into risk themes (risk themes shown as filled oval shapes surrounding the freshwater fish farm oval in the centre). Examples of
pathways falling into each risk theme are listed in the white ovals attached to the respective risk theme oval. More detail on each risk theme is provided

in the text.
Source: Oidtman at al.: Risk-based methods for fish and terrestrial animal disease surveillance
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Homework

*Clustering effect of disease Is considered and described

*Clustering effect of disease Is accounted in
sampling/survey design and data analysis
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Thank you for
your attention!

Nihad Fejzic Fernando Mardones
nihad.fejzic@vfs.unsa.ba fomardones@gmail.com
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