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PREFACE

There are many published sources for laboratory procedures used in the diagnosis of finfish diseases. The National
Wild Fish Health Survey (NWFHS) — Laboratory Procedure Manual is not intended to be comprehensive in its
treatment of this large subject area. Many of the major fish diseases that occur within the United States and
throughout the world have not been documented in wild fish populations. Consequently, the NWFHS (Survey) has
targeted major fish pathogens that are considered a risk to both natural and artificially produced fish populations.
The NWFHS Laboratory Procedure Manual (Manual) contains protocols for these major pathogens, and also
provides a general scheme of approach to allow detection of new or exotic agents through the disciplines of
virology, bacteriology, parasitology and histology. Pathogens of Regional Importance (PRI) are included for
informational purposes; however specific protocols have not been included, in most cases, for these pathogens.

The Survey includes methodologies that provide the highest sensitivity for detection of target fish pathogens in
subclinical wild fish populations. For this reason, Polymerase Chain Reaction' (PCR) technology is included in the
Survey as an additional tool to corroborate detection of specific diseases (Whirling Disease, Bacterial Kidney
Disease, Ceratomyxosis, and viral agents such as IHNV and VHSV). In this application of PCR as a “corroborative
test method”, it is not the intent of the Survey to imply that PCR is to replace “gold standards” for detecting or
confirming specific fish pathogen. Rather, PCR is being utilized as a secondary detection tool to corroborate the
presence of a pathogen that has been detected by standard methods. The intent of the Survey is to test the PCR
technique along side standard detection methods such as Pepsin-Trypsin Digest, ELISA, and Virology. This PCR
data will add to our knowledge of both fish diseases and the performance of molecular tools as detection
methodologies. Traditional confirmation tests such as histology (for Whirling Disease and ceratomyxosis), and
serum neutralization for viral agents are also included for the Survey.

The foremost purpose of this Manual is to provide a working document of very detailed information for the U.S.
Fish and Wildlife Service - Fish Health Center staff and clients regarding the daily procedures in which we conduct
the Wild Fish Health Survey. Where appropriate, the methods herein follow those described in Suggested
Procedures for the Detection and Identification of Certain Finfish and Shellfish Pathogens, 2004, 6th edition.
American Fisheries Society, Fish Health Section, Bethesda, Maryland, commonly referred to as the AFS-FHS Blue
Book (2004). Additional protocols are included for the Enzyme Linked Immunosorbent Assay (ELISA) and
Polymerase Chain Reaction (PCR) techniques. In several instances protocols cited from other investigators in the
published literature have been referenced as well. As with most laboratory manuals, this document will be updated
as new and improved procedures become available.

NOTE: Mention of brand names or trademarks, or any specific equipment in the text of this Manual is not an
endorsement of any particular product by the U.S. government or the Fish and Wildlife Service. The products
mentioned serve only as descriptive models for the reader, any comparable product can be used at the discretion of
the reader.

The PCR Process is covered by Patents owned by Hoffman-LaRoche, Inc.
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I. Background

The Fish and Wildlife Service requested and received a $1 million annual increase in
appropriations for fish disease work. Six hundred thousand dollars was used to initiate a
National Wild Fish Health Survey (Survey) under the leadership of Service Regional Fish Health
Centers (Centers), and in cooperation with stakeholders such as states, Tribes, and the
aquaculture industry. This project incorporates standardized diagnostic and data management
methods to ensure national comparability, identifies target pathogens, fish species, and habitats
for survey, and is developing a systematic and interagency approach to fish health management
of important watersheds.

Because initial funds were limited, every effort was made to collaborate with those collecting
fish for other purposes with the aim of maximizing efforts in pathogen and parasite analysis
rather than sample collection. In addition, a National Wild Fish Health Survey Database
(Database) has been established to receive data from the Survey. The Database is accessible
electronically via the Internet at http://www.fws.gov/wildfishsurvey/.

In November, 1996 a group composed of fish health biologists from each of the Service’s nine
Regions, state fishery managers from Oregon and Alaska, researchers in fish disease from the
University of California-Davis, the Leetown Science Center and Western Fisheries Research
Center (USGS), and a representative from the private aquaculture industry met in Denver, CO to
develop an implementation plan for the Survey. The initial document (1997 Protocols &
Procedures) provided a framework and procedures for implementation of the Survey as
developed by this group. Given this was the first endeavor of its kind, this group recognizes that
this plan would change as new information arose. In the first year of implementation, as the
document was widely distributed, we received many comments and suggestions for revisions.
The NWFHS Laboratory Procedures Manual (Manual) was further developed in 1998-1999 by
contributions from fish health biologists across the country to provide a comprehensive Manual
that includes optimum detection methods and standardized protocols for all aspects of the
Survey. This Manual is meant to be dynamic and adaptive to best meet the needs and intent of
the project. We expect to incorporate comments and suggestions received through yearly
revisions of the document.

I1. Acknowledgements

Many individuals have contributed to the Survey throughout its development and
implementation. William E. Knapp and Mary Ellen Mueller, of the Division of National Fish
Hatcheries, were catalysts for the conceptual development and funding initiatives that brought
this Survey to light. Many other researchers made significant contributions to the procedures and
protocols developed over the first and second years. We would like to especially thank Dr. Jim
Winton of the Western Fisheries Research Center (USGS) in Seattle, and Dr. Ron Hedrick and
Dr. Karl Andree of University of California, Davis. These researchers offered immeasurable
help in transferring technical capabilities to Fish Health Centers through hands-on training and
workshops.

NWFHS Laboratory Procedures Manual 4.0 Edition, September 2006 Chapter 1  Page 2


http://www.fws.gov/wildfishsurvey/

In developing this Manual, the Service would like to recognize and thank Dr. Theodore Meyers
who graciously offered the Alaska Fish Pathology Section Laboratory Manual as a template for
our protocols, as well as support through technical and editorial review of this Manual.

Many fish health biologists from the nine regional Fish Health Centers developed and
contributed individual chapters for the sampling methods and laboratory assays described in the
initial version of the Manual (Version 1.0 — June 2001). The following individuals made
significant contributions to the sections listed:

Patricia Barbash
Lamar Fish Health Unit

Ray Brunson
Olympia Fish Health Center

Norm P. Heil
Warm Springs Fish Health Center

Becky Lasee
LaCrosse Fish Health Center

Terrence Ott
LaCrosse Fish Health Center

Kenneth Peters

Renibacterium salmoninarum PCR
Non-Lethal Methodology

Virology

Sample Collection and Submission
Sample Receipt and Laboratory Tracking
Parasitology & Internal Review

Cell Culture

Ceratomyxa shasta PCR

Bozeman Fish Health Center

Kimberly True
California-Nevada Fish Health Center

Editor (2001, 2004)
ELISA, Parasitology, Bacteriology
Manual Revision Committee Chair

Manual revisions will occur annually, or as needed to address the changing body of scientific
knowledge and to incorporate new methodologies for emerging pathogens. The procedures for
annual revisions of the Manual are described in Chapter 15, Procedure for Revisions to the
National Wild Fish Health Survey Laboratory Procedures Manual.

Appendix 15.A and 15.B in Chapter 15 lists current Manual Revision Committee Members and
Associate Editors for prior editions.

I11. Purpose

The purpose of the National Wild Fish Health Survey is to determine the distribution of specific
pathogens in wild fish populations.
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IV. Justification
A. Knowledge of the distribution of pathogens in wild fish will contribute to:
1. Protect threatened or endangered species
2. Provide more options for better fish management
3. Provide a cohesive national perspective for better fish health management

4. Develop standardized fish health and fish transport regulations that are scientifically
defensible

Why a National Wild Fish Health Survey?

= The discovery that whirling disease was decimating wild trout in the intermountain west
focused the Nation’s attention on the fact that very little is known about diseases among
wild fish.

= The most important weapon needed to control or prevent fish diseases is knowledge.
Currently, there is very little information about the relationship between presence of the
pathogen in wild fish and its likelihood of producing disease in either wild or hatchery
reared fish.

= Valuable stocks of fish are at risk because of our lack of knowledge about the distribution
of pathogens and parasites in wild fish.

= A standardized approach is necessary to allow for comparisons from state to state or
watershed to watershed to help identify why a pathogen or parasite in one area has
negative impacts on certain fish stocks while not in others.

= Scientific information is needed to provide a biological basis for management decisions
regarding stocking and fish transport activities.

V. Partnerships

The success of the Survey depends on establishing productive partnerships. Within the Fish and
Wildlife Service, fish health biologists involved in the Survey work closely with other fishery
biologists in the Fisheries, Ecological Services, and International Affairs programs. This ensures
cohesiveness between the Survey and related aquatic activities, such as those involving
environmental contaminants, endangered species, refuges and aquaculture. It also adds a
valuable fish health dimension to those activities.
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Partnerships will continue to be formed with other organizations active in fish health, fishery
biology and fishery management. Included are other Federal agencies, State and Tribal agencies,
conservation and professional organizations, universities and foreign nations. Care has been
taken to identify and include partners early in designing and planning the Survey. Priority has
been placed on adopting an overall approach that is broadly inclusive and one that is flexible in
attracting and accommodating a variety of different kinds of partners.

Partnerships are based on common interests, responsibilities and activities. Some partners, like
Federal, Tribal, and State fishery managers have been involved in several ways. Some provide
fish taken from areas identified as high priority sampling areas. Others have provided funds to
expand the Survey to areas that otherwise might not be targeted. Still others may not have
participated in the Survey itself, but may have benefited from the data generated, or may have
voiced their support for the Survey at critical times when national priorities and budgets were
being established.

As more and more people and organizations become aware of the Survey and benefit from it,

interests in forming partnerships will grow. Initially, the Service has focused on reaching four

primary constituencies:

= Other Federal agencies with fishery management responsibilities either on their lands or
through cooperative management arrangements;

= States and Tribes;

= Conservation and professional organizations; and

= Universities and other research institutions.

During the first year, FY 1997, attention was focused on planning and designing a scientifically
sound survey that could provide additional fishery management capabilities in both the public
and private sector. Survey design was coordinated carefully with representatives of each of the
four primary constituencies to ensure its utility and attractiveness. As the Survey became
operational and sampling began toward the later half of FY 1997, the Service broadened its
efforts to increase understanding and awareness of the Survey and establish partnerships.
Awareness of the Survey will be expanded by presentations made at professional and industry
meetings, articles in professional and trade journals, and by communications and interactions
among professionals engaged in private and public fishery management.

The Survey will always benefit from new partnerships and, in turn, will be shaped and directed
by those partnerships. The Service will be challenged to maintain a flexible outlook in order to
be responsive to diverse group of partners and at the same time guide the Survey in the direction
intended by Congress.

V1. Fish of Primary Interest

The initial focus of the Survey has been on the following fish: trout, salmon, paddlefish, perch,
sturgeon, suckers, sunfish, herring, catfish, bass, carp and minnows. Numerous species have
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been added to the Survey since it’s inception to address partner interest and regional concern
regarding fish diseases.

VII. Target Pathogens
Each fish is evaluated for target pathogens and parasites that are known to infect that particular
species. In addition, the standard methods used in the Survey will detect the major salmonid fish
pathogens should they exist in other species. Refer to Appendix 1.A — Glossary of Terms for
terms and pathogen abbreviations. The following list includes bacterial, viral, and parasitic
pathogens of interest, and their abbreviation.
A. Viruses
1. Infectious Hematopoietic Necrosis Virus (IHNV)
2. Infectious Pancreatic Necrosis Virus (IPNV)
3. Viral Hemorrhagic Septicemia Virus (VHSV)
4. Oncorhynchus Masou Virus (OMV)
5. Largemouth Bass Virus (LMBV)
6. Spring Viremia of Carp Virus (SVCV)
B. Bacterial pathogens
1. Aeromonas salmonicida (AS), Furunculosis
2. Edwardsiella ictaluri (ESC), Enteric Septicemia
3. Renibacterium salmoninarum (RS), Bacterial Kidney Disease
4. Yersinia ruckeri (YR), Enteric Redmouth

C. Parasites

1. Myxobolus cerebralis (WD), Whirling Disease

VIII. Pathogens of Regional Importance (PRI)

In addition to the pathogens and parasites listed above, the Service’s Fish Health Centers have
identified several Pathogens of Regional Importance (PRI) for which additional diagnostic
procedures may be conducted as part of the Survey. These parasites and pathogens are included
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in laboratory protocols when either fish health professionals or fishery managers identify them as
a potential risk to fish health in a watershed or ecosystem. PRI include the following:

A. Viruses

1. Infectious Salmon Anemia Virus (ISAV)

2. White Sturgeon Iridovirus (WSIV)

3. White Sturgeon Herpesvirus (WSHV2)
B. Bacteria

1. Flavobacterium columnare

2. Flavobacterium psychrophilum

3. Citrobacter freundii

4. Edwardsiella tarda

C. Parasites
1. Ceratomyxa shasta (salmonid ceratomyxosis)
2. Bothriocephalus acheilognathi (Asian tapeworm)
The following table (Table 1.1) lists primary fish pathogens that are targeted by the Survey and

may be associated with specific fish families. Pathogens of Regional Importance are denoted
with (PRI).
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IX. Tablel.1- Fish Family and Target Pathogens*

Family Bacterial Pathogens Viral Pathogens Parasites
Acipenseridae A. salmonicida IPNV
(Sturgeon) E. ictaluri WSIV (PRI)
Y. ruckeri WSHV2 (PRI)
Catostomidae A. salmonicida IPNV
(Suckers) E. ictaluri
R. salmoninarum
Y. ruckeri
Centrarchidae A. salmonicida IPNV
(Sunfishes) E. ictaluri LMBV
R. salmoninarum
Y. ruckeri
Clupeidae A. salmonicida IPNV
(Herring) E. ictaluri VHSV
R. salmoninarum
Y. ruckeri
Cyprinidae A. salmonicida IPNV B. acheilognathi (PRI)
(Minnows/Carp) E. ictaluri SVCV
R. salmoninarum
Y. ruckeri
Ictaluridae A §a|m0n_|0|da IPNV
Catfish E. ictaluri
(Catfish) R. salmoninarum
Y. ruckeri
Percichthyidae A. salmonicida IPNV
(Temperate Basses) E. ictaluri
R. salmoninarum
Y. ruckeri
Percidae A. salmonicida IPNV
(Perch) E. ictaluri
R. salmoninarum
Y. ruckeri
Polyodontidae A. salmonicida IPNV
(Paddlefish) E. ictaluri WSHV-2
Y. ruckeri
Salmonidae A. salmonicida THNV ISAV (PRI) | M. cerebralis
(Trout/Salmon) E. ictaluri IPNV C. shasta (PRI)
R. salmoninarum OMV '
Y. ruckeri VHSV

* Targeted pathogens may not be found in all families.
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X. Priority Selection Criteria for Determining Areas of Focus
Available resources are not sufficient to accommodate all requests to sample specific waters.
A. Ranking criteria applied to determine which areas to sample:
1. Presence of pure wild (unmanipulated) stock of fish
2. Geographical area or species of concern to our State and Tribal partners
3. Geographical area that has never been sampled for fish diseases

4. Species of special management concern (high concern e.g., threatened or endangered
species)

5. Study area of special management concern (high concern e.g., recovery project or
suspected disease)

6. Sampling site is Federally managed

7. Historical data available from site (population, biodiversity, water quality, etc.)

8. Area is a broodstock or egg collection site

9. Other relevant data is being collected that enhances survey context ( examples:
contaminants, population estimates, year classes, species abundance/diversity or
community structure, environmental parameters such as D.O., temperature, habitat

type, pH, hardness, flow rate, etc.)

10. Partnerships will significantly leverage funds.

XI. Fish Collection Protocols

The Survey uses existing collection activities by cooperators to the fullest extent possible.
Methods include either active or passive types of collection as described by Murphy and Willis,
(1996). All collection methods described have advantages and disadvantages that must be
recognized.

Study objectives, environmental characteristics, animal behavior, and size are additional factors
that influence sampling methods. For the purpose of the Survey, collection methods that
accurately reflect the relative abundance of animals sampled and allow the investigator to obtain
live specimens are preferred.

For these reasons, investigators should focus on active collection methods that include, but are
not limited to, electrofishing, seines, trawls, and dredges that generally define a more accurate
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sampling effort and are more likely to provide live or fresh samples. Passive collection methods
include, but are not limited to, gill nets, hoop nets, fyke nets, scoop traps, and rotary screw traps.
Care must be used in passive collections to ensure fresh samples suitable for fish health analysis.
However, since the study parameters are national in scope and include diverse aquatic habitats
and cooperators, any collection method that gives a close approximation of the population for
each habitat and provides opportunities for valid tissue collection should be considered.

Fish collection methods must be identified by each investigator and included in the database to
enable valid comparison of health data collected.

XIl.  Specimen Receiving and Custody Procedures
A. General
Good sample documentation ensures proper identification and storage of samples, and
proper tracking of the samples as they move through the diagnostic procedures in the fish
health laboratory.

B. Procedures
All submissions should comply with the following:

1. Each submission will be documented on a NWFHS SUBMISSION FORM and
specimens will be collected in accordance with AFS-FHS Blue Book (2004). For
tests specified that are currently not found in Blue Book, the collection and
processing of samples will follow those outlined in this Manual.

2. Each Submission Form will be reviewed to verify that it contains all appropriate
information to process the accession. For most routine submissions this information
includes:

a. Submitter (fish biologist, fish health specialist, other)

b. Date of collection

c. Location of collection (GIS coordinates and common name)
d. Capture procedure

e. Site description

f. Remarks

g. Number of samples submitted

h. Sample [.D. Numbers (i.e. 1-15 = samples numbered 1 through 15)
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i.  Genus and species and/or common name of fish samples (age, size and sex if
known)

j.  Specimen type (tissue)

k. Media type (if submission is by culture or preserved histology sample)
l.  Number of samples for this group of fish

m. Number of fish per sample (pooled samples)

3. The section labeled for Lab Use Only will be completed as laboratories receive the
samples, therefore initiating the chain of custody tracking for each submission.
Information entered will include:

a. Date received
b. Coordinating Inspector/Pathologist
c. Case Number (if applicable)
d. Condition of samples
e. Remarks
4. Receiving laboratory personnel will check and verify by signature all samples

received. Further information on sample tracking and details of chain of custody
procedures can be found in Chapter 3 -Sample Receipt and Laboratory Tracking.

XI1I. Diagnostic Protocols

A. Viruses
Procedures used for virology and cell culture techniques in this Manual largely follow
those outlined in the AFS-FHS Blue Book (2004). Quality Assurance and Control
measures for Virology are specifically addressed in cell culture propagation (Chapter 10)
and in viral testing (Chapter 11). Specifically, cell lines are standardized among all
Centers. Cell lines are tested annually for mycoplasma infections, and every three years
for viral sensitivity.

B. Cell Culture Lines
Species sampled and applicable cell lines for preliminary viral testing

1. Salmonids and Herring: EPC and CHSE-214

2. Sturgeon: WSSK1 and CHSE-214
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3. Ictalurids: BB and CHSE-214
4. Centrarchids: FHM and CHSE-214
5. Cyprinids: EPC and CHSE-214

All Fish Health Centers use reference cell lines from American Type Culture Collection (ATCC)
that have been tested for viral sensitivity and mycoplasma infections. Cell lines are tested
annually for mycoplasma infections, and every three years for viral sensitivity with the assistance
of the Western Fisheries Research Center, USGS in Seattle, Washington. Each Center maintains
these reference cell lines in liquid nitrogen, or ultra-low cryopreservation. Every three years, the
existing cell lines are re-tested for viral sensitivity and the optimum cell lines are re-distributed
to each Fish Health Center for virology testing performed under the Survey.

XI1V. Corroborative Methods

For target pathogens and Pathogens of Regional Interest (PRI), the following corroborative
methods will be performed.

A. Virus
Identification by specific antibody tests: serum neutralization, immunoblot, or FAT.
Polymerase Chain Reaction (PCR) will only be used for viruses with appropriately
defined specific known and labeled nucleotide sequences, i.e. North American VHSV,
[HNV, IPNV, OMV, ISAV, LMBYV, SVCV, and WSHV. The finding of SVCV requires
immediate notification to the USDA, Animal and Plant Health Inspection Service
(APHIS). Suspect SVCV isolates should be submitted to APHIS laboratories for
confirmation testing and repository (See Appendix 1.B for APHIS procedures regarding
reportable diseases).

B. Bacteria
The procedures described here largely follow those outlined AFS-FHS Blue Book with
the following additional methodologies:
1. Renibacterium salmoninarum (Bacterial Kidney Disease)
a. Sample: Kidney
b. Preliminary methods: ELISA
c. Corroborative testing: Nested PCR with specific primers

2. Aeromonas salmonicida (Furunculosis)

a. Sample: Kidney and/or spleen
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b. Preliminary methods: Isolation on BHIA and biochemical assays suggested for
identification of Aeromonas salmonicida.

c. Corroborative testing: Specific antibody tests (DFAT, agglutination)
3. Yersinia ruckeri: type | and type Il (Enteric Redmouth)
a. Sample: Kidney, spleen

b. Preliminary methods: Isolation on BHIA and biochemical assays suggested for
identification of Yersinia ruckeri.

c. Corroborative testing: Specific antibody tests (DFAT, agglutination)
4. Edwardsiella ictaluri (Enteric Septicemia)

a. Preliminary methods: Isolation on BHIA and biochemical assays suggested for
identification of Edwardsiella ictaluri.

b. Corroborative testing: Specific antibody tests (DFAT, agglutination)

5. Citrobacter freundii
a. Sample: Kidney, Spleen

b. Preliminary methods: Isolation on BHIA and identification of colony and cell
morphology consistent with Citrobacter freundii.

c. Corroborative diagnosis: Specific antibody tests (agglutination test, DFAT)

6. Edwardsiella tarda
a. Sample: Kidney, Spleen

b. Preliminary methods: Isolation on BHIA and identification of colony and cell
morphology consistent with Edwardsiella tarda

c. Corroborative diagnosis: Specific antibody tests (agglutination test, DFAT)
7. Flavobacterium columnare (Columnaris Disease)
a. Sample: Kidney, Spleen

b. Preliminary methods: Isolation on TYES and identification of colony and cell
morphology consistent with Flavobacterium columnare.
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c. Corroborative diagnosis: Specific antibody tests (agglutination test, DFAT), or
PCR.

8. Flavobacterium psychrophilum (Coldwater Disease)
a. Sample: Kidney, Spleen

b. Preliminary methods: Isolation on TYES and identification of colony and cellular
morphology consistent with Flavobacterium psychrophilum

c. Corroborative testing: Specific antibody tests (DFAT, agglutination test), or PCR.
B. Parasites
1. Myxobolus cerebralis (Whirling Disease)

a. Sample: Half head or cartilage plug for preliminary detection method, and
remaining half head for archiving for corroborative testing by PCR or histology.

b. Preliminary methods: Pepsin-Trypsin Digest (PTD) method with observation of
typical spores

c. Corroborative diagnosis: PCR of halved head or cartilage plug, or presumptive
spores detected by digest method, with nested primers. Histological sections
showing spores in cranial cartilage can also be used for corroboration.

2. Bothriocephalus acheilognathi (Asian Tapeworm)

a. Sample: Intestine

b. Preliminary methods: Microscopic examination of morphology, intestinal squash
for visualization.

c. Corroborative diagnosis: Morphological criteria for Asian tapeworm.
3. Ceratomyxa Shasta
a. Sample: Posterior intestine

b. Preliminary methods: Wet mount observation of multicellular myxosporean
trophozoites.

c. Corroborative diagnosis: PCR with specific primers or histological sections.
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XV. Quality Assurance and Quality Control

Many aspects of Quality Assurance/ Quality Control are addressed in the specific sections of this
Manual for laboratory techniques such as ELISA, PCR, Tissue Culture, and Virology. For a full
review of the USFWS Quality Assurance / Quality Control program please refer to the Quality
Assurance/Quality Control Procedures Manual, Volume 5, of the USFWS Handbook.

XVI. Cost Accounting

The cost estimate for a 1-5 fish pool for bacterial, viral, and parasitic determinations is
approximately $35.00 per sample. This does not include histology. A complete pathogen
screening including histology is approximately $54.00 per fish.

A. Allowable cost categories for planning and budgeting include:

1.

2.

Capital Equipment Costs - outlay for capitol equipment such as PCR and ELISA;

Diagnostic tests (75% of annual funding each year ) - Supplies and labor for all
laboratory work;

Technical Assistance - Labor for providing advise and support to cooperators, WFS
conferences, meetings, and stakeholder outreach;

Field Sampling Costs - Labor and supplies outside laboratory costs;
Data verification/data entry costs - Data checking and input into the Database;

Travel expenses - Airfare, common carrier, and items on travel voucher (hotel, per
diem, etc.) - not to include labor

Fish Health Centers provide annual reports to the Regional Office and Director for use in budget
development and execution. Expenditures are reported in each of the five categories above.

XVI1I.Data Verification and Information Transfer Protocols

A. Lab and field data generated and/or documented by the Fish Health Centers is “verified”
prior to entry into the National Wild Fish Health Survey Database (Database).

B. Verifier authorization will be given to the Director for each Fish Health Center.
Additionally, the Director can also delegate immediate support staff to verify information
on their behalf.
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C. Authorized verifiers must be familiar with the requirements of the Database and ensure
that the quality of the data meets standards for:

1. Field Sampling

2. Chain of Custody

3. Diagnostic Tests

4. Database Fields

5. Information Transfer

D. Formal training has been provided to all Fish Health Centers as well as continuing
education via Internet communication and periodic updates of the Database data-entry
program.

E. Authorized verifiers will sign with their Verifier ID # (or name).

F. Field samples identified/confirmed to be positive for a certain pathogen (determined to be
important for species/pathogen management) will be identified by the Fish Health Center.
Prior notification of these results will be given to the provider, and responsible resource
management agency for the sample.

G. Data entry is limited to target pathogens and PRIs. The addition of new pathogens to the
Database requires approval of all Center Directors as described in Chapter 15 —
Procedure for Revision. Additional fish species are allowed to be entered in the Database
as these species are encountered and tested in the Survey.

H. Washington Office Liaison for Fish Health Centers and the Regional Fisheries ARD will
also be notified of the finding. Test result data regarding such a sample will not be
entered into the Database for up to fifteen (15) days from the date of the verification. The
specific resource management agency that might be affected by the finding may approve
an earlier data entry than 15 days.

I. The Database will be accessible to all Internet users in a read-only format.
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XVIII, National Wild Fish Health Survey Database

A. Concept
The Database is Internet - World Wide Web accessible with a graphical interface, and
includes spatial (geographical) data. The system has proper security measures for
authorized personnel to upload data and edit as necessary as well as protect the integrity
of the data. All edit and query capabilities are in real time for those with authorization.
Edit and upload capabilities for each authorized user is limited to their particular area or
Region of jurisdiction. For public viewing on the Internet, data is in read-only format
with download capabilities in ASCII text and GIS to allow for use by other databases.

B. Data
Data fields consist of location, date, species of fish sampled, size range, collection
method, numbers of samples, diagnostic tests performed, pathogens found, environmental
parameters (when available during sample collection), and testing facility. The Database
has the ability to accept and integrate additional fields as necessary.

C. Queries
Data can be queried for certain specific parameters and by any logical field parameter
that authorized user access allows. Public query variables can include geographical area,
species of fish, pathogen, and date. Queries include summary information by field.

D. Display
Basic display of the Database includes a Home Page screen with explanation and links to
view the data, download the data and run specific or user defined queries. Geographical
displays show points or areas of data collections and related information.

E. Reports
The Database is able to provide reports in text format and GIS format as desired by users
of the data. Database administrators provide reports of access logs, on-line use, and
system status.
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Who Benefits from a National Wild Fish Health Survey?

We all benefit from a National Wild Fish Health Survey. Most especially, those of us who want
to preserve and protect our valuable wild and native stocks, those of us who enjoy recreational
fishing opportunities, and fishery managers that need sound biological information to better
manage our Nation’s resources. Specific benefits include:

Fishery Managers (State, Federal and Tribal) - Fishery managers are faced with the dual
mission of protecting wild stocks of fish and providing fish for recreational opportunities.
Knowledge gained in the Survey and accessed through a National Fish Health Data Base
will provide mangers critical information for meeting their challenge. Knowledge of
distribution of parasites and disease will allow managers to make sound decisions about
control and containment strategies for areas or species that may already harbor a
pathogen as well as identify areas or species where pathogens or parasites have not been
detected and which may warrant special protection.

Anglers — Over 50 million Americans engage in angling. Anglers will benefit from
information gained from the Survey because managers will have additional tools and
information available to better manage for recreational fishing opportunities, both for
wild stocks and for those managed through enhancement with cultured fish.

American economy — Throughout our country, income gained from tourist and trade
associated with angling is an important part of the economy. Recreational fishing
provides over 1.3 million jobs nationwide and generates over 70 billion dollars in total
economic output. Information provided through the Survey will provide additional
measures to safeguard these precious resources ensuring the continued economic benefits
from angling.

Aquaculture industry — Information about the distribution of pathogens in wild stocks
will help the aquaculture industry by strengthening the biological basis for laws and
regulations that govern the transport and sale of aquaculture products. Information from
the Survey may show that in some places, regulations limiting or prohibiting movement
of hatchery fish for commercial purposes can be relaxed for certain pathogens without
jeopardizing wild stocks.
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XIX. U.S. Fish and Wildlife Service Fish Health Centers

1 California-Nevada Fish Health Center 6 La Crosse Fish Health Center

2 ldaho Fish Health Center 7 Warm Springs Fish Health Center
3 Lower Columbia Fish Health Center 8 Lamar Fish Health Center

4 Olympia Fish Health Center 9 Bozeman Fish Health Center

5 Pinetop Fish Health Center 10 Washington Office,

U.S. Fish and Wildlife Service

See Chapter 2 — Sample Collection and Submission, Appendix 2.A for a full listing of Fish
Health Center contacts and shipping addresses.
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Appendix 1.A — Glossary of Terms and Abbreviations

Aeromonas salmonicida — bacterial agent responsible for causing furunculosis.

Agglutination — a reaction in which particles (e.g. bacteria) suspended in a liquid collect into
clumps in a response to the addition of a serologic antibody.

BB — cell culture of brown bullhead cells.

BHIA — brain-heart infusion agar.

BKD — Bacterial Kidney Disease, caused by the bacteria Renibacterium salmoninarum
Bothriocephalus acheilognathi — Asian tapeworm parasite.

Cell culture & virus isolation — specimens are inoculated onto appropriate cell culture lines, the
cultures are incubated, virus-specific cytopathic effect (CPE) is observed, and viruses are

1dentified.

Centers — collectively, the nine U.S. Fish and Wildlife Service Fish Health Centers located
throughout the country.

Ceratomyxa shasta — parasite responsible for causing ceratomyxosis disease in salmonids.
CFR — Code of Federal Regulations

Chain of Custody — documentation of sample identification, tracking, and disposition during
laboratory testing.

CHSE-214 — cell culture of Chinook salmon embryo cells.

Citrobacter freundii — an opportunistic bacterium causing general septicemia.
CNS — central nervous system

Database — National Wild Fish Health Survey Database.

d-H,0 — distilled water

DO - dissolved oxygen, the amount of elemental oxygen, O, in solution under existing
atmospheric pressure and temperature.

Edwardsiella ictaluri — bacterial agent responsible for causing enteric septicemia of catfish.

Edwardsiella tarda — bacterial agent responsible for causing enteric septicemia of catfish.
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ELISA — enzyme-linked immunosorbent assay.
EPC — cell culture of Epithelioma papillosum cyprini cells.
Exophthalmia — Abnormal protrusion of the eyeball from the orbit.

FAT — fluorescent antibody test (and DFAT, direct fluorescent antibody test), where a type
specific label is applied to a sample and examined with a fluorescent light microscope.

FHM — cell culture of fat head minnow cells.

Flavobacterium columnare — bacterial agent responsible for columnaris disease.
Flavobacterium psychrophilum — bacterial agent responsible for coldwater disease.

GIS — Geographical Information System, location coordinates based on longitude and latitude.
Hardness — a measure of cations such as calcium and magnesium in water; usually expressed as
parts per million equivalents of calcium carbonate. Refers to the calcium and magnesium ion
concentration in water on a scale of very soft (0-20 ppm CaCOQ3), soft (20-50ppm), hard (50-
500ppm), and very hard (500+ ppm).

IHNV — Infectious Hematopoietic Necrosis Virus.

Immunoblot — a lab test in which a small portion (blot) is tested against a labeled antibody.
IPNV- Infectious Pancreatic Necrosis Virus.

ISA — Infectious Salmon Anemia virus.

K/S - Kidney-Spleen (sample tissue type)

LMBYV - Largemouth Bass Virus.

Myxobolus cerebralis — parasite responsible for causing Whirling Disease in salmonids.

OF — Ovarian Fluid (sample tissue type)

OMV - Oncorhynchus masou Virus.

PBS — Phosphate Buffered Saline

pH — an expression of the acid-base relationship, where the value of 7.0 expresses neutral

solutions; values decreasing below 7.0 represent increasing acidity; and those increasing above
7.0 represent increasingly basic solutions.
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PKD - Proliferative Kidney Disease
PRI — pathogen of regional importance.

PCR — polymerase chain reaction; a test that amplifies small quantities of pathogen-specific
sequences of DNA, preformed with one or two (“nested”) sets.

PTD — pepsin trypsin digest, a laboratory assay utilizing digestive enzymes to dissolve head
cartilage, allowing the release and visualization of Myxobolus cerebralis spores.

Renibacterium salmoninarum — bacterial agent responsible for bacterial kidney disease.
Serum neutralization — a confirmation test for virology based on serology. Dilution series of
viral suspensions grown in tissue cell culture are combined with specific neutralizing antibodies
to test specificity and allow identification of the viral agent.

Service — U.S. Fish and Wildlife Service.

SVCV - Spring Viremia of Carp Virus.

Survey — National Wild Fish Health Survey (or NWFHS).

TYES — Tryptone Yeast Extract Salts — a low nutrient agar or broth for growth of certain types
of bacteria.

USGS - United State Geological Survey.
VHSV- Viral Hemorrhagic Septicemia Virus
WF — Whole fish (sample tissue type)

WYV — Whole Viscera (sample tissue type)
WSHV?2 — White Sturgeon Herpesvirus 2.
WSIV — White Sturgeon Iridovirus.

Yersinia ruckeri — bacterial agent responsible for causing enteric redmouth disease.
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Appendix 1.B
APHIS Memorandum No.567.6 regarding OIE Notifiable Diseases

DISCLAIMER: The procedures outlined in the USDA Animal and Plant Health Inspection Service (APHIS)
Veterinary Services Memorandum No.567.6 (August 2002) are provided at the time of this publication as general
information only. It is the responsibility of any user of this Manual to check directly with APHIS and/or OIE for
current procedures for notifiable fish pathogens.

NOTE: The list of OIE Reference Laboratories is updated by the International Committee of the OIE each year, and
the revised list is published in each May issue of the OIE Bulletin. This information can be found on the OIE Web
site at http://www.oie.int/eng/OlE/organisation/en_LR.htm

Veterinary Services Memorandum No0.567.6
August 27, 2002

L PURPOSE
This memorandum describes the procedures for reporting OIE notifiable diseases.
II. BACKGROUND

As a member country of the OIE and in accordance with the International Aquatic Animal Health Code, the United
States is obligated to report aquatic diseases that are on the list of OIE notifiable diseases. The Animal and Plant
Health Inspection Service (APHIS), Veterinary Services (VS), is the official contact point for reporting the OIE on
notifiable animal diseases in the United States. Therefore APHIS-VS is required to report the following:

A. All new detections of notifiable diseases in fish, crustaceans, and mollusks;

B. The measures taken to prevent the spread of diseases; and

C. The movement restrictions and/or quarantine measures that are placed on the affected premises.

III. TO WHOM TO REPORT

To comply with our reporting obligations, we request that all diagnostic laboratories that identify or detect and of the
OIE notifiable aquatic diseases listed below report them to the Federal Area Veterinary in Charge (AVIC) in their
State. The AVIC should forward this information to all of the following:

A. Chief Staff Veterinarian, Emergency Programs;

B. Assistant Director, Sanitary International Standards Team; and

C. National Aquaculture Program Coordinator.

After evaluating the information, APHIS-VS will send a report to the OIE informing them of the detection.
Iv. LIST OF NOTIFIABLE DISEASES

The following aquatic diseases are notifiable to the OIE:
A. Diseases of Fish

Epizootic hematopoietic necrosis

Infectious hematopoietic necrosis

Oncorhynchus masou virus ( salmonid herpes virus type 2)
Spring viremia of carp virus

Viral hemorrhagic septicemia

DR W=
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B. Diseases of Mollusks

Bonamoisis ( Bonamia ostreae and Bonamia sp)
Haplosporidiosis ( Haplosporidium nelsoni and H. costale)
Marteiliosis ( Marteilia refringens and M. sydneyi)
Mikrocytosis ( Mikrocytos mackini and M. roughleyi)
Perkinsosis ( Perkinsus marinus and P.olseni)

kW=

C. Diseases of Crustaceans

1. Taura Syndrome
2. White Spot Disease
3. Yellowhead Disease

Memo Signed by W. Ron DeHaven
Deputy Administrator
Veterinary Services
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CHAPTER 2

Sample Collection and Submission

Norman P. Heil
USFWS — Warm Springs Fish Health Center
Warm Springs, Georgia
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. Introduction

The purpose of this section is to provide guidance to laboratory staff and user groups regarding
the proper sample collection and submission procedures. This is an absolute necessity to assure
that samples received by the Centers are acceptable specimens for definitive pathogen
identification. Each sample submission must include a NWFHS Submission Form (Appendix
2.B). Specimens will be stored, maintained and processed in accordance with protocols
described in subsequent chapters of this Manual. Sampling procedures not found in this Manual
will follow diagnostic procedures outlined in the AFS-FHS blue book Suggested Procedures for
the Detection and Identification of Certain Finfish and Shellfish Pathogens, (AFS-FHS 2004).

Additional, detailed information regarding sample collection and processing can be found for
specific assays in the following chapters:

Chapter 3 - Sample Receipt and Laboratory Tracking

Chapter 4 - Standard Necropsy Procedures for Finfish

Chapter 5- Bacteriology (Aeromonas salmonicida, Yersinia ruckeri,
Edwardsiella ictaluri)

Chapter 6 - ELISA for Detection of Renibacterium salmoninarum Antigen in
Fish Tissue

Chapter 7- Corroboration Testing of Bacteria by Polymerase Chain Reaction (PCR)

Chapter 8 - Parasitology (Myxobolus cerebralis, Bothriocephalus acheilognathi,
Ceratomyxa shasta)

Chapter 9 - Corroboration Testing for Parasites by PCR

Chapter 10 - Tissue Culture of Fish Cell Lines

Chapter 11 - Virology

Chapter 12 - Corroborative Testing of Viral Isolates

Chapter 13 - Histology of Finfish

Chapter 14 - Non-Lethal Methodology for Detection of Fish Pathogens

Chapter 15 - Procedure for Revision to the National Wild Fish Health Survey
Laboratory Procedures Manual

I1. Considerations for Sampling Fish Populations

Disease Recognition and Action — The majority of sampling conducted under the Survey will
occur when no external signs of disease exist in wild fish populations. However, the Survey may
also be helpful in determining the cause of fish kills or monitoring wild populations when
abnormal behavior patterns, external abnormalities, or high mortality are reported for natural fish
populations. In these cases, an immediate response is needed to determine the cause of mortality
and determine if infectious agents are present or if adverse environmental conditions exist (low
dissolved oxygen, elevated temperatures, toxic algal bloom, water contaminants, etc.). The
following offers guidelines for sampling fish under various scenarios:
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A. In clinical cases of disease (> 0.5% mortality/day) 10 moribund fish are generally
sufficient to detect fish pathogens and make a disease diagnosis.

B. In survey or monitoring situations where no excessive mortality or clinical disease is
apparent, a larger sample size of 60 animals may be necessary to detect infection rates
below 5%. However, depending upon individual circumstances, sample sizes may vary
between 10 and 60 fish. Samples should be examined from several stretches of a stream
or body of water to ensure representation of the entire population. It is also extremely
important that sampling techniques are optimal and laboratory assays as sensitive as
possible to allow detection of fish pathogens, especially when sample numbers are small
(<60 fish).

C. Donor populations — in some cases, natural populations will be used as donor broodstock
to provide gametes to a hatchery program involved with a captive broodstock program or
restoration activities. When a disease history for natural population is needed, a
minimum of 60 samples from spawning adults is required to detect pathogens at 5%
prevalence and a confidence interval of 95%. Samples of choice are from spawning or
post spawning individual female fish consisting of ovarian fluid and kidney/spleen tissue.

D. Priority for acceptable samples submitted for Wild Fish Survey testing is as follows:
1. Live specimens or samples taken on site
2. Iced specimens or tissues

3. Preserved specimens or tissues

I11.  Sample Collection

Prior to collecting samples, the Center will contact sampling personnel with instructions on the
appropriate types of samples and numbers of fish needed. Partners collecting specimens need to
coordinate dates of collection with the work schedule of the receiving fish health center. If
advance notice is not given, lab personnel may not be available to receive and process the
submission after it is collected and shipped. Samples that are not in an acceptable condition
(either substandard or improperly packaged) upon arrival cannot be processed due to the poor
sample quality and unreliability of pathogen testing.

The following instructions are general guidelines. User groups and or individual collectors
should be properly trained in the use of these sampling procedures by a fish health specialist,
pathologist, or technician prior to sampling fish. Different procedures are followed in
bacteriology, virology, parasitology, ELISA, PCR, and histological analyses.

Further details regarding the procedures below are addressed in the appropriate chapters of this
Manual.
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A. Live fish are preferred, and should be sampled immediately upon removal from the
water. If this is not possible, fish should be held on ice and processed within 1-2 hours
after collection. Whole fish can be packaged live, or freshly killed (iced) for shipment to
the Centers for processing within 24 hours. When individual tissues are collected, these
should be kept cold with ice or artificial icepacks but should not be allowed to freeze
(insulated from direct contact with ice).

B. Samples for virology should be processed within 48 hours and inoculated into cell culture
within 72 hours of sample collection. Upon specimen arrival determine the freshness of
the fish. Criteria for this freshness are: smell, appearance of eyes, gills, internal organs
and presence of postmortem stiffness (rigor mortis). If shipping is delayed beyond 24
hours, some tissues may not be suitable for processing.

C. Euthanize the fish or group of fish. Use clean sterile dissecting instruments. Clean
dissecting tools with soap and water and disinfect with alcohol between the sampling of
each individual fish (species) or species group. The use of disposable tools is
recommended for ELISA samples, as Rs antigen is difficult to remove by standard
disinfection methods. Disinfect hands between the sampling of each fish (species) or
species group. Before taking tissue samples, wipe clean any mucus or debris from the
fish and then disinfect the outer surface of the fish by flooding with 70% alcohol.
Proceed with necropsy of fish tissues.

IV. Bacteriology

Bacteriological samples should be taken first to reduce the chance of contamination. If open
sores or lesions are present swab these areas and streak the sample onto a BHIA agar slant.
Discard swab and re-cap slant. The abdominal cavity is entered by cutting into the abdominal
wall at the base of the pectoral fin with a pair of small sterile scissors or scalpel. The cut is
continued dorsally to just below the lateral line. Start again at the base of the pectoral fin and
continue the incision towards the posterior of the fish along the ventral abdominal wall to the
vent. Stay slightly above the intestinal tract when making the incision so that it is not punctured,
thereby contaminating the abdominal cavity and target tissues.

Brain Heart Infusion Agar (BHIA) Slant(s)/Plate(s) can be inoculated in the field or laboratory.
Samples can be pooled or individually collected for testing. The instruments used for sample
collection are at a minimum cleaned between sample pools and disinfected between species
and/or sites.
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A. Field Inoculation

Use the butt end of a sterile inoculating loop or forceps to pull back the internal viscera
and air bladder to expose the kidney. Stab the posterior kidney with a 10 ul sterile
inoculating loop and streak it directly onto a BHIA agar slant or plate. Alternately,
aseptically collect as large of a sample of kidney tissue as possible (up to 0.5 g) with
sterile forceps and streak it directly onto a BHIA slant or plate. The extracted kidney
tissue can then be used for virology or ELISA testing (See associated sections below),
reducing the need to collect multiple kidney tissues. Record sample number and date on
tube or plate. Sample numbers can be any logical group of letters and numbers in order
(RBT-1, RBT-2). Store tubes in a cool place such as cooler or cool room (15-20°C).

B. Lab Inoculation

Bacterial samples can be obtained from splenic/renal samples taken for virology testing
(See associated section below and chapter 11). If these samples are used, they must be
processed within 48 hrs of collection, aseptically collected, and contain no antibiotics in
the transport media. Then a 10 ul loop can be used to aseptically remove a sub-sample of
the splenic/renal pellet and streaked onto a BHIA agar plate or tube.

(Mumford et al 2005) Sample numbers can be any logical group of letters and numbers
in order (RBT-1, RBT-2). Store tubes in a cool place such as cooler or cool room (15-
20°C).

V.  Virology
A. Kidney/Spleen

Dissect approximately 0.5 gm piece of kidney and/or spleen and place into a small
WHIRL- PAK™ bag or snap-cap tube with a small amount of HBSS (Hank’s Balance
Salt Solution) to cover sample (Appendix 11.B.2-Transport Medium). Keep the HBSS
cold at all times. Label bag with sample number, K/S and date. Up to 5 fish samples
may be pooled in one bag or tube if appropriate. Keep samples on ice while in the field.
Samples must be kept cold (5-18°C), but do not freeze, during shipment to the Center.

B. Ovarian Fluid:

Sexually mature females only. Remove a small amount of ovarian fluid from the oviduct
using a pipettor or express ovarian fluid into a paper cup (approximately 1 mL per fish)
Place the fluid in a small snap-cap or transport tube. Up to five (5) fish may be pooled
into one sample. Label tube with sample number (OV-1, OV-2, etc.) and date. Keep
samples cold (4°C) with pre-packaged ice packs, but do not freeze during collection or
transport. Sample tubes should be placed within a WHIRL-PAK™ or zip- lock bag
which is labeled with the stream or lake name, fish species, sample type, etc.
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VI. ELISA for Renibacterium salmoninarum (BKD)

Remove the remaining amount of kidney or sizable portion using individual, or disposable
instruments. Place the kidney tissue into a snap-cap tube or small WHIRL-PAK™ bag. Up to
fish five can be pooled into one sample if necessary to obtain a minimum tissue weight of 0.08 g
per sample (0.08 g diluted 1:8 during processing will yield 560 uL for the ELISA assay). Label
with sample number, KD-ELISA and date (similar numbering scheme as with bacteriology
slants). Keep samples on ice for transport to the lab. Samples can be frozen at -20°C for delayed
processing, however if long-term storage is needed, -70°C is recommended.

VII. Parasitology
Myxobolus cerebralis (Whirling Disease):

Salmonid Fish Only. For small fish remove the entire head and gill arches. For larger fish, take a
cranial core sample and/or gill arches. If taking a core sample, see Chapter 9 — Corroborative
Testing of Parasites by PCR, for the target tissue site for Myxobolus cerebralis. Up to (5) fish
may be pooled into one sample. Place samples in a WHIRL-PAK™ or zip-lock bag labeled with
sample information. Pack samples on ice for transport to the CENTER.

Either during sample collection, or during processing in the laboratory, the head tissue is halved
into two separate pieces to allow testing of one half by Pepsin-Trypsin Digest (PTD) and
archiving of the second specimen for corroborative testing by PCR or histology. If tissue is
halved during collection, label each half to allow correlation between archive and tissue to be
used for PTD tissues. Recommend a notation of “PTD” and “ARC”, as well as FISH ID
NUMBER on each 5-pool sample (e.g., PTD 1-5, PTD 6-10, ARC1-5, ARC 6-10, etc). Tracking
the fish identification for each sample pool will facilitate corroborative testing by PCR. In this
way, only the PTD positive sample pool will require corroborative testing of the archive sample
by PCR, rather than the entire sample set.

Bothriocephalus acheilognathi (Asian Tapeworm) and Ceratomyxa shasta (salmonid
ceratomyxosis):

Remove the GI track of the fish from the esophagus to the anus. Place GI track into WHIRL-

PAK™ or zip-lock bags. Small fish of the same species can be pooled (5 fish) if applicable.
Label samples with appropriate information. Pack samples on ice for transport to the Center.
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VIII. Histological Samples

Histological samples should be fixed in Bouin's solution, 10% buffered formalin, Davidson’s
fixative, or Prefer fixative. Fix live fish after anesthetizing. Fix tissues within 2 minutes of
removal from water and/or time of death. Fish rapidly autolyze (especially gill) and only freshly
fixed tissues are worth processing for histological analysis. The volume of fixative must be at
least 10 times the volume of tissue. For fish longer than 6 cm, slit the abdomen, detach the
intestine at the anus, and pull the internal organ mass out slightly to allow penetration of fixative
within the body cavity. For larger fish, send only specified organs in fixative. Cut tissues with a
sharp blade or scissors - don't tear as this action creates artifacts.

SAFETY NOTE ! formalin-based fixatives are toxic and strong irritants.

Read the entire Material Safety Data Sheet. Avoid contact with skin and eyes by wearing
gloves and a face shield. Use only in well-ventilated areas (outdoors or under a fume
hood).

HAZARDOUS MATERIALS - Fixatives and alcohol require special shipping
procedures as Dangerous Goods, or Hazardous Materials. Refer to your local regulatory
agency and commercial carrier for requirements for shipping these materials.

Place a paper penciled label (location, date, species, tissue type, and initials) inside the fixative
container (alcohol and fixatives tend to wash off pen marks on the container).

Prevent spills during transport. Tightly cap the container, then wrap the cap with several layers
of parafilm, and place the containers inside Ziploc bag(s). If samples fixed in Bouin’s or
Davidson’s Fixative cannot reach the laboratory in 48 hrs, it will be necessary to transfer fixed
tissues to 70% ethanol after 24-48 hours and then transport the tissues to the Center (Samples
fixed in 10% Buffered Formalin or Prefer fixative can be held in fixative indefinitely).

IX. Non-lethal Collection of Tissue Samples

Compliance with the Endangered Species Act (ESA) of 1973 requires special consideration
regarding take of threatened or endangered (T&E) species if they occur in a proposed sampling
site or watershed. All Centers and Partners in the Survey are responsible for obtaining
appropriate collection permits, coordinating sample collection with Federal, State and local
regulatory agencies, and fully complying with the regulatory statutes of the Endangered Species
Act.

When lethal sampling of T&E species is prohibited, non-lethal sampling techniques should be
considered. While non-lethal sampling methods are less sensitive than standard detection
methods, they may provide limited fish health information when no other alternative exists.
Refer to Chapter 14 -Non Lethal Methodology for Detection of Fish Pathogens for specific
protocols for non-lethal sampling.

A. Bacteriology
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1. Blood Samples

Obtain blood via heart puncture or caudal vein or artery using a needle and syringe.
Streak blood onto BHIA slant with sterile loop. Discharge appropriate amount of
blood directly into the appropriate volume of PBS-T20 for ELISA. Heparinized
blood may be used for delayed transport and processing.

2. Ovarian Fluid Samples

If the fish is a sexually mature female, remove a small amount of ovarian fluid and
inoculate a BHIA plate for bacterial growth. Also, the same sample can be placed
into a centrifuge tube. Up to five (5) fish may be pooled into one sample. Keep
samples cold for transport, but do not freeze. Following centrifugation and
processing for virology, the Ovarian Fluid Pellet can be used to screen for
Renibacterium salmoninarum by FAT.

3. Mucus Samples

Pass a sterile swab along the lateral surface of the fish. Streak the sample onto a
BHIA agar slant.
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4. Vent Samples

Place a sterile swab or loop approximately 2 to 1 inch into the anal vent and remove.
Streak the sample onto a BHIA agar slant. (Discard the swab or loop).

5. External Lesions

Pass a sterile swab along the surface of an external lesion. Streak the sample on
selective media for the targeted bacteria. Plate serial dilutions of the inoculum to
decrease the number of interfering bacteria and fungi that are likely to be present in
this type of sample.

B. Virology
1. Blood Samples

Obtain blood via heart puncture or caudal vein or artery using a needle and syringe.
Discharge appropriate amount of blood directly into the appropriate volume of
antibiotic-antimycotic incubation (anti-inc) solution. Keep samples cold for transport,
but do not freeze. Follow normal processing protocol.

2. Ovarian Fluid Samples

If the fish is a sexually mature female, remove a small amount of ovarian fluid and
place into a centrifuge tube. Up to five (5) fish may be pooled into one sample. Keep
samples cold for transport, but do not freeze. Follow normal processing protocol.

3. Mucus Samples

Collect mucus by passing a blunt edge instrument along the lateral surface of the fish,
head to tail. This is easily accomplished when the fish is removed from the water,
holding the fish head to tail in a vertical position. Mucus is placed in a 15 (mL) or
smaller graduated centrifuge tube with antibiotics used in viral sample processing.
Keep the samples cold for transport to the Center, but do not freeze. In the lab,
samples should be vortexed, and then a low dilution scheme (1:2, 1:5, 1:10) is set up
using Hanks Balanced Salt Solution (HBSS). Samples are centrifuges at low speed,
2000-3000 rpm for ten to pellet cellular debris. Supernatant is inoculated into cell
culture.

4  Fecal samples
Feces are collected by aspiration with a syringe and small tubing catheter. Samples

are placed into small collection tubes with antibiotics (may need to increase
concentrations of antibiotics by 25-50% for fecal samples). Keep the samples cold
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for transport, but do not freeze. Follow processing as in mucus samples (may require
higher dilutions to avoid toxicity to cell lines).

External Lesions

Pass a sterile swab along the surface of an external lesion. Place the swab in anti-inc
solution pressing, or rolling the swab against the interior of the tube to release the
material into solution. Keep samples cold for transport, but do not freeze. Follow
normal processing protocol.

C. Parasites

1.

Blood Samples

Obtain blood via heart puncture or caudal vein or artery using a needle and syringe.
Discharge appropriate amount of blood directly into a slide and prepare a thin blood
film (Chapter 4, page 10). Blood films are air dried, and fixed in absolute methanol
for 10 minutes. Blood parasites can be viewed following staining with Diff-Quick or
a Gram stain (Chapter 4, page 9).

Mucus Samples

Collect mucus by passing a blunt edge instrument along the lateral surface of the fish,
head to tail. This is easily accomplished when the fish is removed from the water,
holding the fish head to tail in a vertical position. Mucus is placed ina 15 (mL) or
smaller graduated centrifuge tube. The tissue can be examined directly under
microscopy for parasites or kept cold for transport and examined in the laboratory.

Fecal samples

Feces are collected by aspiration with a syringe and small tubing catheter. Samples
are placed into small collection tubes. The tissue can be examined directly under
microscopy for parasites or kept cold for transport and examined in the laboratory.
External Lesions

Pass a sterile swab along the surface of an external lesion. Place the swab in normal
saline or PBS solution pressing, or rolling the swab against the interior of the tube to
release the material into solution. The tissue can be examined directly under
microscopy for parasites or kept cold for transport and examined in the laboratory.

Tissue Biopsy

Gill filament can be removed from anesthetized fish with little injury to the fish. The
tissue can be examined directly under microscopy for parasites, preserved for
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histology, or frozen for examination using other diagnostic methods. See Chapter 14
for more a detailed protocol for gill biopsy.

Water and sediments sampling for virus, bacteria and parasites is also discussed in Chapter 14 -
Non-Lethal Methodology for Fish Pathogens.

X. Shipping Samples — See Appendix 2.A for Shipping Addresses of Centers

A. Ship samples in small/medium (heavy duty) mailing cartons or plastic coolers lined with
a plastic trash bag. Group the samples by type in separate Ziploc bags or racks that are
labeled with the number of samples, location, species, and date. Position the samples
upright and use packing material to hold samples in place.

B. Place an adequate amount of ice (or artificial gel packs) around the insulating layer of
packing material. Seal the outer trash bag to prevent leakage.

C. Complete the NWFHS Submission Form (Appendix 2.B) for each species and enclose in
a waterproof plastic bag within the cooler.

D. Close, seal and label the ice chest with laboratory address, be sure to include the Center
contact’s NAME AND PHONE NUMBER).
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E. Appropriate shipping labels should also be affixed to ensure proper handling during
shipment and upon receipt of containers.

“Live Fish — Do Not Freeze” ... for live samples

“Keep Frozen” ... for ELISA and/or Head tissue

“Refrigerate but DO NOT FREEZE” .......... for virology or sets of samples that
include both Bacteriology and Virology
samples.

NOTE: Temperature indicator strips can be placed with the samples.
These strips will change color if 20°C has been exceeding during shipment.

F. Transport within 24 hours via overnight U.S. mail or Federal Express.

NOTE: Collectors should always include a Submission Form with samples to provide
the collection information for the laboratory tracking and database entry. Samples
submitted without this information may be refused or at least delayed for processing.
When in doubt regarding collection and shipping instructions, consult the Center contact
for the Survey.

Centers are prepared to provide all supplies needed for field sampling and training in sample

collection. Transportation costs, personnel to assist with sampling and shipping costs may
be provided if possible.
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Appendix 2.A

Shipping Addresses and Contacts for Fish Health Centers

Bozeman Fish Health Center

920 Technology Blvd, Suite G

Bozeman, MT 59718

Crystal Hudson
Kenneth Peters
406-582-8656
406-587-3998 (fax)

California-Nevada Fish Health Center
24411 Coleman Hatchery Road

Anderson, CA 96007

Scott Foott
Kimberly True
530-365-4271
530-365-7150 (fax)

Idaho Fish Health Center
P.O. Box 272
Orofino, ID 83520

FOR SHIPPING:
4447 Ahsahka
Ahsahka, ID 83520

Kathy Clemens
Laura Hawn
208-476-9500
208-476-9741(fax)

La Crosse Fish Health Center
555 Lester Avenue, Suite 100
Onalaska, WI 54650-8552

Rick Nelson
Becky Lasee

608-783-8444
608-783-8450 (fax)

Lamar Fish Health Center
P.O. Box 155
Lamar, PA 16848

FOR SHIPPING:
Hatchery Road
Lamar, PA 16848

John Coll
Patricia Barbash

570-726-6611
570-726-7379 (fax)

NWFHS Laboratory Procedures Manual

4.0 Edition, September 2006 Chapter 2

Page 14



Lower Columbia Fish Health Center
201 Oklahoma Rd
Willard, WA 98605

Susan Gutenberger
Ken Lujan

509-538-2400
509-538-2404 (fax)

Olympia Fish Health Center
3859 Martin Way E., Suite 101
Olympia, WA 98506

Ray Brunson
Sonia Mumford

360-753-9046
360-753-9403 (fax)

Region 2 Fish Health Unit
P.O. Box 219
Dexter, NM 88230

FOR SHIPPING:
7116 Hatchery Rd.
Dexter, NM 88230

John C. Thoesen
Jason Woodland

505-734-5910
505-734-6130 (fax)

Warm Springs Fish Health Center
5151 Spring Street
Warm Springs, GA 31830
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Appendix 2.B - NWFHS Submission Form

National Wild Fish Health Survey

Submission Form

Submitter: Collection Date: Lab Case No:
Collection Time:

Phone No: (Completed by Lab)

Location: GIS Coordinates (Datum NAD 83):

County: Latitude: =~ Deg  Min ___ Sec

State: Longitude:  Deg  Min___ Sec

Site Description - Name of Water Body :

Capture Method / Procedure:

Sample Type: O Random (routine)

O Selective (diagnostic)

Remarks: Submitter Signature & Date:
Sample Type
Species No. FISH Comments
Whole Tissue(s) Other
[] []
[] []
[] []
[] []
[] []
Comments:
Lab Use Only
Case Number / Laboratory ID: Date Received: Time:
Remarks: Received By:
Case Coordinator/inspector/pathologist Signature: Date Finished:
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Species and Sample Information

SPECIES: No. FISH No. Samples Pool Size Sample ID Numbers

Viral Tissue:

Bact Cultures:

R.sal Tissues (KD):

Parasite Tissues:
Type:

Type:

Comments:

SPECIES: No. FISH No. Samples Pool Size Sample ID Numbers

Viral Tissue:

Bacti Cultures:

R.sal Tissues (KD):

Parasite Tissues:
Type:

Type:

Comments:

SPECIES: No. FISH No. Samples Pool Size Sample ID Numbers

Viral Tissue:

Bacti Cultures:

R.sal Tissues (KD):

Parasite Tissues:
Type:

Type:

Comments:
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National Wild Fish Health Survey Submission Form: Sample Tracking

Species: Location: Date:

Fish Length | Weight | Sex | BHIA | Kidney # Virology Head other | other | Comments
No. (mm) (2) (M/F) # (ELISA) sample # (pool #)

O (XX | [N | |W[N[—

—_
=

[
—_—

—_
[\

—
W

—
N

—
(V)]

—_
[o)

—_
|

—_
oo

—_
e

[\
(=

[\
—_

N
NS}

[\
w

[\
~

[\
(V)]

[\
[o)

\S]
|

[\
o]

NS
N}

30

Total # samples (pools) submitted

NOTICE

In accordance with the Paperwork Reduction Act (44 U.S.C. 3501), please be advised that:

1. The gathering of information is authorized by the Fish and Wildlife Act of 1956 (16 U.S.C. 742f), the Wildlife Coordination Act (16
U.S.C. 661-666¢), and the Anadromous Fish Conservation Act (16 U.S.C. 757a — 757g).

2. Failure to provide all of the requested information is sufficient cause for the U.S. Fish and Wildlife Service to deny your request for
Aquatic Animal Health Inspection under 713 FW 4.

3. You are not required to respond to a collection of information unless it displays a currently valid OMB control number.
This information collection has been approved by OMB and assigned clearance number 1018-XXXX.

5. The requested information may be subject to disclosure under provisions of the Freedom of Information Act (5 U.S.C. 552).

The public reporting burden for the information collected on this form is 15 minutes. This burden estimate includes time for reviewing
instructions, gathering data, and completing and reviewing the form. Comments on this form should be directed to the Information Collection
Officer, Mail Stop 222, Arlington Square, U.S. Fish and Wildlife Service, Washington, DC 20240.
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CHAPTER 3

Sample Receipt and Laboratory Tracking

Becky Lasee
USFWS - LaCrosse Fish Health Unit
LaCrosse, Wisconsin
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|. Introduction

Laboratory tracking is an important component of Quality Control because it ensures proper sample
identification and accuracy in reported test results. This chapter describes the procedures required
to retain sample identity and maintain quality assurance throughout the laboratory testing
procedures.

1. Initial Documentation During Collection

All samples collected for the Survey will have a record of collection beginning at the time of
collection. The record will describe the details of the collection process, as well as, the collector and
their agency or affiliation. The collector will be identified sufficiently that any diagnostician at the
receiving laboratory is able to contact that person if necessary.

I1l1. Laboratory Case History Number

All samples will receive a unique identifying number or code upon receipt into the laboratory (in
this document referred to as ““case history number”). The case history number will be recorded on
every sample and all subsequent paperwork generated in the laboratory. Labeling of all materials
must be sufficient that any other diagnostician can identify the sample and its significance (see
example Case History Record and Chain of Custody Form in Appendices

3.A and 3.B).

IV. Chain of Custody

The location of any sample must be determinable at any time. This is best accomplished by having
a chain-of-custody record with all samples. As a person takes possession of any samples, they will
mark the date of possession, their printed name, and signature on the next available space on the
chain-of-custody record. Emphasis should be placed on the requirement for fixed responsibility
upon a particular person for the care, custody, processing, and storage of all samples. This
responsibility is initially placed upon the sample collector.

V. Designated Storage Areas

Storage facilities for samples will be determined for each laboratory. Such facilities include
refrigerators, freezers, and incubators as appropriate (see sample-specific storage suggestions
below). A list of all storage facilities used in a laboratory will be maintained in the lab and available
to all responsible parties. The specific storage area used to store specific samples must be indicated
in the main case history record (check-in sheet) and updated as samples are moved within the
laboratory. The disposition of samples must be recorded from the time of sample check-in until the
time that the samples are destroyed.
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VI. Sample(s) Received Through a Third Party

Sample receipt through a third party is of utmost importance. The biologist who is the contact for
each case should be notified immediately upon receipt of samples in the lab. That person is then
responsible for unpacking, examining the samples, and notifying others what processing needs to be
done on the samples. Samples must be properly stored to ensure pathogen viability. Samples
should be checked in as soon as practical after they are received in the building, and should be
completed before moving onto another task.

VIIl. Sample Receipt

Sample containers whether received in person, via U.S. Mail, Federal Express or other commercial
carriers are all treated alike. If there is an address slip on the container (for instance, a Federal
Express slip) for the current shipment, that tag is saved and marked with the case history number. If
more than one container is received at a time, they are opened one at a time, and all the samples
from one container properly put away before the next container is opened. This is to ensure that
there is no opportunity for cross contamination of samples received from different locations. Ifit is
clear that multiple containers are from the same site, they can be opened at the same time. All
written information contained with the samples needs to be saved and filed with other case history
documents. Each sheet of information must be marked with the Case History Number.

VIIIl. Sample Check-In

The case history number should be a unique number assigned to each case. One way to create a
unique numbering system is to record the fiscal year with the number in succession from the
previous case assigned from a logbook. The following is a list of minimum information that must
be included on the Submission Form and/or the case history or check-in form for the Survey:

A. Date — The date samples are received at the Laboratory and the date collected

B. Case History Number — Assigned when samples are received

C. Sample Collection Site
D

. ldentification of the Sample Collector & Running Chain-of-Custody

m

Species — one Submission Form for each species sampled

®

Number of Fish Sampled — per species if multiple species were collected

H. Type and number of samples — Count the number of samples to ensure that the number
reported on the sample collection form agrees with what is actually in the shipping
container. Note any discrepancies or specific information about the shipment. Also, note
if/how samples are pooled for each specific assay to be performed.
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I. Latitude and Longitude of Collection Site
J. County of Collection Site
K. Tests Performed and Results

The sample numbers and types must be reconciled to keep proper chain of custody and to
ensure that the reporting of the results is accurate. If sample containers (e.g., virology tubes)
have leaked in transit, that must be noted, and the number still available for processing
recorded. Even if the proper number were collected, obviously a broken tube will result in
fewer fish actually being tested, and that is the correct number reporting.

IX. Sample Storage

After the reports and the samples are reconciled, the samples are distributed in the lab as
appropriate. Processing of samples will be done according to Manual procedures.

A. Slants for Bacteriology

Each rack of slants is surface-disinfected, and then labeled with the case history number,
date, and initials of the person who checked the samples in, and placed in the appropriate
incubator.

B. Virology Samples - K/S, WF, WV, OF, other

Virology samples will generally arrive in whirlpak bags, which should be within a larger
Ziploc bag. The larger bag should be surface disinfected, and the case history number and
date received recorded on label and then stored until processing. If they are loose in the
container, use a new Ziploc, record the case history number and date received on the
outside, and store in assigned sample refrigerator until processing. Viral samples must be
processed within 48 hours and plated on cell cultures within 72 hours from collection to
ensure optimum sample quality for virus detection.

C. ELISA samples
ELISA samples can be processed immediately and stored frozen (-70°C) until complete
analysis is completed. If samples cannot be processed immediately, they can be

refrigerated and processed within 24 hours. If unable to process within 24 hours,
unprocessed samples should be frozen (-70°C) and stored until a later date.
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D. PCR Samples

PCR samples are frozen (-70°C) if they cannot be immediately processed. It is important to
store PCR samples separately from areas of the laboratory used for DNA extraction,
amplification, and storage of specific PCR primers. See Chapter 9 -Corroborative Testing
of Parasites by PCR, for a full description of designated work and storage areas for PCR.

E. Heads and/or Gill Arches for Parasitology

Heads are usually received in a plastic Ziploc back. The bags are surface disinfected with
70% isopropyl alcohol, labeled with the case history number, initials, and date, and frozen (-
70°C). If they can be processed the following day, they can be refrigerated overnight.

Heads may be halved during processing to create an archive tissue in addition to the tissue
being tested by Pepsin-Trypsin Digest. This can be done upon receipt of samples or at a
later date.

F. Intestinal Tracts for Parasitology

Gastrointestinal tracts will be kept in physiological saline in the refrigerator until they can be
examined (within 24-48 h) for presence of Ceratomyxa shasta and/or Bothriocephalus
acheilognathi, as appropriate. If samples cannot be processed within 24-48 hours, they can
be frozen and examined at a later time.

G. Other Samples

If other samples are received (e.g., tissues preserved in Neutral Buffered Formalin or
Davidson’s Fixative) for other types of processing, notify the appropriate person to process
them.

X. Notification of Laboratory Personnel

The person primarily responsible for each area of testing should be informed immediately of sample
arrival. In that person's absence, their designated alternate should be notified. When each
individual takes possession of any samples, he or she should initial and date the case history record
to that effect. From that point until that person both completes testing and destroys the samples or
until another staff member takes possession, the responsible party must be aware of the exact
location and disposition of the samples. He or she is also responsible for noting the final disposition
(discarded, archived, etc.) of the samples they are responsible for.
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XI. Data Sheets / Worksheets

Individual datasheets or worksheets of testing performed are maintained differently in each
laboratory. For each major division of work, all procedures performed, their dates, and the initials
of the diagnostician should be noted. The main case history record must contain records of the logs
kept for each procedure (See Appendix 3.A for example forms).
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Appendix 3.A - Fish Health Center Case History Record

CASE #: DATE REC: RECBY:
FACILITY: STATE:
Type: [INFH [JSFH [ TFH [ WFS [1FERAL [1CFH
[1 OTHER:
SERVICE:
Type: [1Complete [IVirology ['Bacteriology [IDiagnostic
[JOTHER:
FISH SPECIES:
1) 2) 3) 4)
5) 6) 7 8)
MEMO:

TYPE & NUMBER OF SAMPLES:

ALL DIAGNOSTICIANS NOTIFIED:  Initials

Possession Assumed/Initials:
[Virology [Bacteriology [JParasitology UDFAT

OELISA OPCR Other
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LABORATORY FINDINGS:

"1 VIROLOGY:

Completed/Date/Initials: Sample Disposition:
"IBACTERIOLOGY:

Completed/Date/Initials: Sample Disposition:

IPARASITOLOGY /plankton centrifuge, digest,
PCR:

Completed/Date/Initials: Sample Disposition:

[1(BKD) R. salmoninarum /DFAT:

ELISA:

PCR:

Completed/Date/Initials: Sample Disposition:

Results and Recommendations (if applicable):

NWFHS Laboratory Procedures Manual 4.0 Edition, September 2006 Chapter3  Page 8



Appendix 3.B - Chain of Custody Form

U.S. Fish & Wildlife Service
Wild Fish Health Survey
Chain of Custody Record

Source of Samples
Case History Number (to be filled in by receiving lab)

FROM: (print name, agency) RELEASE SIGNATURE: RELEASE DATE: DELIVERED
VIA:

[1 U.S. Mail
RECEIPT DATE: [1 Fed Ex
TO: (print name, agency) RECEIPT SIGNATURE: [ UPS

[J In person

[1 Other:

FROM: (print name, agency) RELEASE SIGNATURE: RELEASE DATE: DELIVERED
VIA:

0 U.S. Mail
RECEIPT DATE: [1 Fed Ex
TO: (print name, agency) RECEIPT SIGNATURE: [1UPS

[] In person

[J Other:

FROM: (print name, agency) RELEASE SIGNATURE: RELEASE DATE: DELIVERED
VIA:

[1 U.S. Mail
RECEIPT DATE: [1 Fed Ex
TO: (print name, agency) RECEIPT SIGNATURE: [ UPS

[J In person
[] Other:

] Continuation of Chain-of-Custody on Further Sheets
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CHAPTER 4

Standard Necropsy Procedures for Finfish

Theodore R. Meyers
Alaska Fish & Game
C.F. Division
Juneau & Anchorage
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. Introduction

This chapter describes the general procedure for performing a diagnostic necropsy on finfish.
While the majority of sampling conducted for the Survey will be performed on normal fish,
identification of characteristic behaviors and clinical signs of infected or diseased fish are
important components of any pathogen screening program. Proper dissection techniques during
necropsy will optimize pathogen detection and subsequent determination of disease status.

Live fish should be examined for behavioral abnormalities (spiral swimming, flashing, flared gill
opercula, prostration, etc.) then anesthetized to avoid tissue artifacts caused by alternate methods
of euthanasia such as pithing or a blow to the head. Some external abnormalities (whitened or
eroded fin tips, cloudy cornea, body discoloration, excessive mucus) are best observed while the
fish is submerged in water. In many cases postmortem change in fish that are received dead will
prevent this latter opportunity.

I1. General Necropsy Procedure
(Figure 1 gives an example of the general anatomy of salmonids)

A. Necropsy subjects should first be examined for external abnormalities or lesions that
could include: pugheadedness or otherwise poor body condition; exophthalmia; cloudy
cornea or lens opacity; hemorrhaging within the anterior chamber of the eyes, fins, body
surface or body orifices (anus, nares, mouth, gill chamber), frayed or missing fins; gas
bubbles within the fin rays or connective tissues of the eyes; ulcerations, abscesses,
abrasions; body discoloration; excessive mucus; trailing fecal casts or rectal prolapse;
external foreign bodies such as fungus, metazoan or protozoan parasites, cysts or tissue
growths; potbelly or other protrusion or body malformations (spinal deformities, cranial
swelling, shortened opercula, pugheadedness, microeye).

B. External lesions such as ulcerations or abrasions should be inoculated onto BHIA (see
Chapter 5 - Bacteriology). Use of BHIA with 1% NaCl may be necessary depending
upon case information and whether fish are in saltwater and a halophilic bacterial
pathogen is suspected.

C. A peripheral blood smear can be made by excising the caudal peduncle (for small fish)
and allowing a drop of blood to be deposited near the frosted end of a clean glass slide.
The blood is smeared before clotting with a second glass slide by touching the drop with
the slide at a 45° angle to the first slide and pushing the angled slide to the end of the first
slide. Capillary action draws the smear across the first slide and the narrower the angle
the thinner the smear (Figure 2, page 10). Stain the smears in Diff-Quik® (see staining
procedures in section V.) and observe on the microscope at 1000X for bacteria,
erythrocytic inclusion bodies (EIB) and viral erythrocytic (VEN) cytoplasmic inclusions,
necrobiotic bodies (IHNV) and erythroblastosis or other blood abnormalities in cell
composition and morphology. Larger fish may be bled by caudal vein puncture into a
heparinized syringe or Vacutainer® and blood expressed onto a slide for subsequent
smearing. For blood collection, the needle should be inserted at the location just below
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the lateral line that intersects with the rear margin of the anal fin. The needle should be
inserted until just penetrating the vertebra (hemal canal) as indicated by slight resistance.
Blood will automatically begin to flow when the Vacutainer® is punctured by the needle
base or when the plunger of the syringe is pulled back.

D. Fish should be placed on their right sides for performance of the remaining necropsy
procedures. Skin scrapes of normal and lesion areas mounted with a drop of PBS and
coverslip on a glass slide should be made by using either the edge of the coverslip as the
scraping instrument, or a scalpel. Bacteria or fungus from lesion areas or protozoan
parasites such as Ichthyobodo and Trichodina are common subjects to look for beginning
at 40X and then at 200-400X on a compound microscope (if phase contrast is not
available on the microscope, the condenser and diaphragm can be adjusted to increase
contrast ).

E. Wet mounts of gill filaments are made by using a small pair of surgical scissors to
Remove a portion of one gill arch. Gill filaments should be slightly teased apart for good
viewing of filament and lamellar profiles and mounted in PBS with or without a
coverslip. These should be examined immediately since branchial epithelium rapidly
deteriorates causing postmortem artifact. Look for gas bubbles in the capillaries,
telangiectasia, hyperplasia, external parasites (bacterial, protozoal, fungal, metazoan), or
other foreign bodies. Should bacteria be observed or suspected the coverslip may be
removed and used to mince the gill tissue. This is allowed to air dry for later Gram
staining (see Chapter 5). After staining, the gill tissue is removed with forceps for
viewing of the stained slide for bacteria by oil immersion.

F. Disinfect the outer surface of the fish by flooding with 70% ethanol. Disinfect a pair of
scissors, forceps and scalpel by immersion in 100% ethanol and passing the instruments
through a Bunsen flame allowing the alcohol to ignite and burn off. Repeat one or two
more times. Wipe instruments clean of any organic matter beforehand for effective
disinfection.

G. The abdominal cavity is entered by pulling the pectoral fin with sterile forceps while
cutting into the abdominal wall at the base of the pectoral fin with a pair of small sterile
scissors. The cut is continued dorsally to just below the lateral line where resistance is
encountered. Start again at the base of the pectoral fin and continue the incision towards
the posterior of the fish along the ventral abdominal wall to the vent. Stay slightly above
the intestinal tract when making the incision so that it is not punctured, thereby
contaminating the tissues. At the vent continue dorsally to just below the lateral line and
continue cutting anteriorly to connect with the first incision. Remove the flap of
abdominal tissue, thus exposing the internal viscera and cavity. When done correctly on
a moribund specimen the air bladder should remain inflated and the GI tract completely
intact. Instruments may need wiping of organic material and flaming repeatedly during
this procedure.

H. Visually examine viscera (heart, liver and gall bladder, kidney, pancreas, adipose tissue,
spleen, air bladder, pyloric caecae and entire GI tract) for abnormalities such as:
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discoloration or mottled appearance; enlargement (hypertrophy); hemorrhage or
erythema; abscesses or cysts; fluid in the abdominal cavity (ascites causing potbelly);
foreign bodies such as fungus, metazoan parasites or tissue growths, etc.

I. If bacteria samples are to be taken they should be inoculated onto BHIA or other
appropriate growth medium (i.e., TYES from the kidney, spleen, visceral lesion, or other
tissues if indicated. See Chapter 5 — Bacteriology).

J. Tissues to be taken for viral assay of larger fish (kidney/spleen pool) should also be
placed into sterile tissue culture fluid for refrigeration and homogenization at a later time.
Fry are generally processed whole for virology (see Chapter 11 - Virology).

K. Kidney smears for FAT and tissues (kidney or kidney/spleen) for ELISA detection of the
Renibacterium salmoninarum should be taken at this step. Generally, bacterial problems
due to Gram-negative bacteria such as furunculosis and ERM agents can be detected
more efficiently by isolation on prepared media.

L. If the spleen has not been completely removed for virus assay, a spleen squash can be
made by placing a cut section of the tissue with a drop of PBS on a glass slide and
covering with a coverslip. Whole spleen squashes will be necessary when small fish are
examined. Look for the presence of motile or non-motile bacterial rods and fungal
hyphae. The coverslip may be removed and the squash Gram stained for confirmation of
bacteria as described for gill tissues.

M. A squash of a small section of the lower intestine (rectum) should also be made on a glass
slide using PBS and a coverslip. Look for presence or absence of food and Hexamita or
amoebae. Bacteria should obviously be abundant as part of the normal gut flora. Also
look for fungal hyphae within the gut wall.

N. A squash of lesion material from a visceral organ or organs may be warranted if present
and if its cause is not readily discernible. Gram stains (Chapter 5) and/or Diff-Quik®
stains (Section V) of this material may also be warranted. An example would be stained
impression smears of kidney tissue to examine for possible BKD, PKD or
Enterocytozoon salmonis.

O. If the cause of mortality or morbidity is in question as to whether or not the above
procedures will provide an answer, histology samples should be taken as a backup
measure, but only if moribund fish are available. Fish that have been dead for several
hours or longer are generally not suitable for histology due to postmortem tissue
autolysis. If fry are involved, whole fish may be dropped into Davidson's, or a non-
formalin based fixative. Fingerlings should have the abdomens opened with scissors for
better fixative penetration (refer to Chapter 13 — Histology, for more information on
fixing tissues).

P. If clinical signs suggest a central nervous system disorder the top of the cranial cavity
should be opened and the brain included in bacteriologic sampling using BHIA and
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TYES agar. Heads from additional affected fish should be severed behind the gill
opercula and placed into whirlpak bags for later testing for Myxobolus cerebralis. Heads
can be halved for PTD and an archive sample for corroborative testing by PCR or
histology.

Q. During necropsy, occasional serial sectioning of skeletal muscle using a razor blade may
be necessary should a lesion within that tissue be suspected. Examples would include
abscesses, hematomas, neoplasms or encysted parasites causing a protrusion of the
musculature. Depending upon the nature of the lesion, bacteriological sampling, Gram
staining or fixation for histology may be necessary.

If clinical signs are present, or fish are moribund, include at least 5-10 moribund for
proper diagnosis. Control or healthy fish should also be examined and compared to
determine whether abnormalities perceived in the population are real, or not. The
number of control fish processed will depend upon availability and the particular case
and may range from 10 to none.

Necropsies are best performed as a 2-3 person team effort in which a microbiologist
and/or technician can make gross external and internal observations and the bacteriologic
and tissue preparations. The pathologist in charge can devote his or her time to
interpreting the sample preparations on the microscope. In this approach a case can be
processed in a minimum amount of time and provides further pathology experience to the
support staff.

Figure 1 — Salmonid Anatomy
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I11. Results and Report of Findings

In summary, a standard necropsy should include all the information contained on the NWFHS
Submission Form (Case History Number, location, species, examination date and number of
tissues/samples submitted). In addition to the Submission Form, a complete Necropsy Form,
containing the following information, should be attached:

A. External and internal gross observations recorded on a necropsy worksheet.

B. Wet mounts or squashes of:

1.

2.

3.

4.

5.

Gills
Skin
Spleen
lower gut

lesions (if any)

C. Peripheral blood smear stained with Diff-Quik® (Optional)

D. Gram Stain — Type and Number of tissues

E. Overall evaluation / findings

IV. Fish Diseases: Causative Agents and Signs

A. Bacteria

I.

2.

Bacterial Kidney Disease (Renibacterium salmoninarum)
External signs: exophthalmia; abdominal swelling; sometimes blisters in skin
filled with clear amber to cream colored purulent fluid. In advanced disease,
large muscle lesions may be present.
Internal signs: kidneys pale and swollen; abscesses in kidney, liver or spleen;
may have ascitic fluid in abdomen; intestine distended, fluid filled.

Cold Water Disease (Flavobacterium psychrophilum)

External signs: tail darkening, white or bluish areas behind dorsal or adipose
fins; loss of epidermis on dorsal or posterior surface; erosion of the dermis on the
peduncle exposing skeletal muscle; loss of caudal peduncle; erosion of jaw or
snout; gill hemorrhages and anemia. In some cases, no external signs are
observed.

Internal signs: generally not remarkable but sometimes has enlarged spleen with
myriad number of filamentous rods; petechial hemorrhages of adipose tissues.
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3. Columnaris (Flavobacterium columnare)
External signs: white to yellow lesions that may have a red periphery on the
head, jaw, back (saddleback lesion), and/or fins, especially caudle fin. Gills may
also be infected; disease begins at the tips of the lamellae and causes a progressive
necrosis that may extend to the base of the gill arch. Bacteria are gliding and
often form clumps that appear like a column or “haystack.”

4. Edwardsiella tarda Septicemia (Edwardsiella tarda)
External signs: small cutaneous lesions that become large abscesses within the
muscle, and become necrotic. May also have loss of dermal pigmentation.
Internal signs: generalized septicemia, ascitic fluid in abdominal cavity,
protruding hemorrhaged anus, opaqueness in eyes; small white nodules may be
present in the kidney, liver, spleen, and gills.

5. Enteric Redmouth (Yersinia ruckeri)
External signs: hemorrhaging or erosion around mouth; pale gills;
exophthalmia; swollen abdomen; reddened opercula and fin bases; inflamed
hemorrhagic vent.
Internal signs: inflammation and hemorrhaging in most visceral organs; edema
in spleen, liver and kidney; liver may be pale; fluids may accumulate in
abdominal cavity, stomach and intestine; inflamed, hemorrhagic lower intestine
with bloody diarrhea.

6. Enteric Septicemia (Edwardsiella ictaluri)
External signs: Fish refuse feed and swim at the surface. External lesions with
hemorrhage around the mouth and lateral and ventral portions of the body and
fins; pale gills; exopthalmia; and small ulcerations on the body. Ulceration in the
fontanelle of the frontal bones.
Internal signs: generalized septicemia with petechiae throughout the visceral
mass, in the peritoneum and musculature. Ascites and enlargement of the liver,
kidney and spleen.

7. Furunculosis (Aeromonas salmonicida)
External signs: skin blisters or furuncles which may ulcerate; erythemia of eyes,
base of fins and anal vent. In acute cases, bleeding from the gills may be seen.
Internal signs: kidney necrosis; petechiae in mesenteries around pancreatic
tissue; localized hemorrhages in intestine and liver; dark, hypertrophied spleens.

8. Citrobacter infection (Citrobacter freundii)
External Signs: Ulcerative lesions may be seen on skin, eye and base of fins.
Internal Signs: Hemorrhaging in the peritoneum and gastro intestinal tract;
swollen kidney with multiple lipoid granuloma in some fish species.
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B. Parasites

1. Asian tapeworm (Bothriocephalus acheilognathi)
External signs: abdominal swelling if heavily infected.
Internal signs: little abdominal fat due to starvation, presence of tapeworm in
stomach.

2. Ceratomyxosis (Ceratomyxa shasta)
External signs: loss of appetite, hemorrhaging and swelling of urogenitial
opening.
Internal signs: ascites; swelling and hemorrhaging of the intestine; swollen vent.
Developing parasites incite a diffuse granulomatosis in many host tissues,
including intestine, liver, kidney, spleen, gonads, and muscle. The abdomen is
often distended because of granulomatous peritonitis.

3. Whirling Disease (Myxobolus cerebralis)
External signs: black tail in 3-6 month old fish; impaired balance and a frenzied,
tail-chasing behavior. Older fish that survive often develop spinal curvature, pug-
headedness, or an undershot jaw from cartilage damage.
Internal signs: none except histological.

C. Viruses

1. Infectious Hematopoietic Necrosis Virus (IHNV)
External signs: exophthalmia, body darkening, abdominal distension, pale gills,
trailing white fecal cast; lethargic swimming, riding high in the water column.
Internal signs: ascites, viscera paleness, anemia, petechial hemorrhages, pale
kidney; little or no food in the intestinal tract.

2. Infectious Pancreatic Necrosis Virus (IPNV)
External signs: whirling, agonal swimming, anorexia, dorsal darkening,
abdominal distension, and/or trailing white feces.
Internal signs: petechial hemorrhages and yellow exudate in gut of older fish;
fry will have pale viscera with few petechiae.

3. Infectious Salmon Anemia Virus (ISAV)
External signs: appear 2-4 weeks after infection, few external signs other than
exopthalmia, pale gills and lethargy. Mortality of up to 3% per day in some cases.
Infected facilities may see a predictable rise in mortality by 0.05% per day for
three consecutive days.
Internal signs: hemorrhaging on the kidney and other organs; swollen eyes; fluid
in body cavity; swelling of kidney; darkening of posterior gut and swollen spleen.

4. Largemouth Bass Virus (LMBV)

External signs: moribund fish loose equilibrium and float at the surface due to
enlarged swim bladder.
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Internal signs: Gas gland excessively red; air bladder lesions consist of a

yellow to brown waxy residue in the lumen of the air bladder.

5. Oncorhynchus Masou Virus (OMV)

External signs: epithelioma (tumors of the epithelial layer) occurring mainly

around the mouth, ulcers on skin.
Internal signs: intestinal hemorrhages, white spots on liver.

6. Spring Viremia Carp Virus (SVCV)

External signs: lethargy, sluggish breathing, concentration in slow waters. A
darkening of skin and gills, bloody mucus or fecal casts from hemorrhaging vent.
Internal signs: Fluid in the body cavity, swollen spleen, blood in swim bladder

and a general hemorrhagic condition.

7. Viral Hemorrhagic Septicemia Virus (VHSV)

External signs: lethargy, avoid current, listless, hang suspended or drop to

bottom; body darkening, exophthalmia with hemorrhaged orbit, external

hemorrhage especially base of fins and in roof of mouth, pale gills with focal

hemorrhage.

Internal signs: empty gastrointestinal tract; scattered hemorrhages of connective
tissue, adipose tissue, swim bladder, and intestine; kidney red and thin in acute

stage, gray and swollen in chronic stage.

8. White Sturgeon Iridovirus (WSIV)
External signs: emaciation, go off feed: swollen gills.
Internal signs: hyperemic areas on abdomen, necrosis of epidermis.

9. White Sturgeon Herpesvirus (WSHV-2)

External signs: few to severe hemorrhagic signs in young fish; hemorrhages
around ventral scutes and mouth; small ulcers with petechial hemorrhaging.
Chronic form will have reoccurring blisters, especially after stress, often starts on

the head.
Internal signs: none, except for ulceration in the mouth area.
V. Staining Procedures
A. Gram Stain - See Chapter 5 — Bacteriology, for Gram Staining procedure.
B. Diff-Quik® Stain:
1. Make smears of blood, fluids, or tissues and air-dry
2. Dip 5 times in Diff-Quik® solution 1, one second each time, and drain

3. Dip 5 times in Diff-Quik® solution 2, one second each time, and drain
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4.

5.

6.

Dip 5 times in Diff-Quik® solution 3, one second each time, and drain

Rinse in tap water and drain

Air-dry and examine using 10x, 40x, or 100x objective lens

NOTE: Diff-Quik® solution 3 can become weakened with age or use. Check stains
intensity on slides periodically. Slides may be re-stained with fresh solution 3 if

necessary. Periodically pass solutions 2 and 3 through separate 0.45-um filters to
remove precipitates and contaminating bacteria.

Figure 2. Preparation of a Thin Blood Smear

1.

2.

On slide “A” express a drop of blood about one-half inch from the end.

The edge of a second slide “B” is placed on the surface of slide “A” at about a 45°
angle and is moved backward (to the right in the diagram) until contact with the drop
of blood.

Contact with the blood will cause the drop to spread along the edge of slide “B” due
to capillary action. Slide “B” is then pushed forward (left in the diagram), being

careful to keep the edge pressed uniformly against the surface of slide “A”.

The size of the drop of blood and acuteness of the angle formed between the slides
will determine the thickness of the film. A more acute angle results in a thicker film.

The smear is allowed to air dry for transport in a slide box and later staining.

=) —
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CHAPTER 5

Bacteriology

Jason Woodland
USFWS - Region 2 Fish Health Unit @ Dexter
Dexter, New Mexico
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. Introduction

This section defines the procedures and techniques used to correctly identify the target bacterial
pathogens identified for the Survey (Yersinia ruckeri, Aeromonas salmonicida and Edwardsiella
ictaluri). Proper identification relies on bacterial growth characteristics, appropriate biochemical
tests, and corroboration by serological and molecular (Chapter 7) techniques.

Pathogens of Regional Importance (PRIs) include: Citrobacter freundii, Edwardsiella tarda,
Flavobacterium columnare and Flavobacterium psychrophilum. The later two bacteria have
special requirements for culture and serological confirmation. Molecular Techniques are also
available for confirmation of Flavobacterium psychrophilum. Several excellent sources are
listed in the Reference section for identification of PRIs and other bacteria that may be isolated
from fish sampled for the Survey. Additional media formulas are also provided for PRIs in
Appendix 5.A.

I1. Media Preparation
A. Plate Media

1. Prepare media in stainless steel beakers or clean glassware according to manufacturer
instructions. Check pH and adjust if necessary. Media must be boiled for one minute
to completely dissolve agar. Common media recipes are given in Appendix 5.A.

2. Cover beaker with foil, or pour into clean bottles being sure to leave lids loose.
Sterilize according to manufacturer’s instructions when given, or at 121°C for 15
minutes at 15 pounds pressure.

3. Cool media to 50°C.

4. Alternatively, media can be autoclaved and cooled to room temperature and
refrigerated for later use. Store bottles labeled with media type, date and initials.
When media is needed, boil, microwave or use a water bath to completely melt the
agar. Cool to 50°C, then proceed to step 5.

5. Before pouring media, disinfect hood or counter thoroughly and place sterile petri
dishes on the disinfected surface.

6. Label the plates or plate storage tins with the type of medium, preparers initials, and
date made.

7. Remove bottle cap and pour plates or dispense with a Cornwall pipette, lifting each

petri dish lid as you go. Pour approximately 15 to 20 mL per 100x15 mm petri dish.
Replace lids as soon as the plate is poured.
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8. Immediately after use, rinse the automatic pipettor in hot tap water followed by
distilled water to remove all media and prevent clogging of the instrument.

9. Invert plates when the media has cooled completely (~ 30-60 minutes) to prevent
excessive moisture and subsequent condensation on the plate lid. Do not use the UV
light because it can denature the proteins in the media.

10. Allow plates to sit overnight at room temperature. Store plates upside down in the
refrigerator in a tightly sealed plastic bag or plate storage tin.

11. Follow manufacturer’s recommendation for storage period of prepared media.
B. Tube Media

1. Prepare media in stainless steel beakers or clean glassware according to
manufacturer’s instructions. If the medium contains agar, boil for one minute to
completely dissolve the agar.

2. Media with indicators must be pH adjusted. This can be done when medium is at
room temperature; otherwise compensation for temperature needs to be made.

3. Arrange test tubes in racks. Disposable screw cap tubes can be used for all tube
media.

4. Use an automatic pipettor or Pipet-aid™ to dispense the medium. If using the Brewer
or Cornwall pipette prime with deionized water, then pump the water out of the
syringe prior to pipetting and discard the first few dispenses of medium. Dispense
approximately 5 to 10 mL media in 16x125mm or 20x125mm tubes. Close caps
loosely.

5. Immediately after use, rinse the automatic pipettor in hot tap water followed by
distilled water to remove all media and prevent clogging of the instrument.

6. Follow manufacturer’s recommendation for autoclave time and temperature.

7. If making slants, put tubes in slant racks after autoclaving. Adjust the slant angle to
achieve the desired slant angle and butt length (i.e. short butt and long “fish-tail” slant
for TSI or a standard slant over % of the tube length for BHIA).

8. Tighten caps when tubes can be easily handled but still warm to the touch. Cool
completely to room temperature in the slanted position.

9. Label the tubes or the tube rack with type of medium, preparer’s initials, and date
made.
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10. Store at 2-8°C, following manufacturer’s recommendation for period of long-term
storage.

Media Formulations

Numerous differential media and biochemical tests can be used to determine identification of
bacterial cultures. Some common bacteriological media are listed in Appendix 5.A, but this list
is incomplete and a good bacteriology media reference such as Difco Manual (1998), McFaddins
Biochemical Media Used for Detection of Bacteria (McFaddins 1980 and 1985), or Atlas’s

Handbook of Microbiological Media (Atlas, 1997) should be used for additional information.

The purpose and use of various media are described in the testing section.

V.

Bacterial Culture Isolation

. Aseptically inoculate samples onto BHIA tubes or plates labeled with pertinent case

history information.

. Incubate aerobically for 24-48 hours at 20-24°C (room temperature). If no growth occurs

at 24 and 48 hours, record this information on the data sheet. If no growth occurs after 96
hours, samples are discarded.

. When growth does occur on field collection tubes or plates, use a sterile loop or needle to

select a single colony to subculture onto fresh BHIA. If colonies are not well isolated,
the plate will have to be re-inoculated on BHIA and thoroughly struck over the entire
plate surface to achieve isolation of bacteria.

. Incubate at 20-24°C for 24 hours to allow bacterial growth; all tests should be performed

on 24-48 hour cultures.

1. Using a sterile needle or small loop, pick individual distinct bacterial colonies. Use of
a dissecting scope can aid in distinguishing between differing colony types. Assign
an isolate number to each pure colony and record all colony characteristics on the
data sheet.

2. Begin initial testing to determine presumptive identification of pure strain bacterial
cultures by CO, motility, catalase, and Gram stain.

3. Based on preliminary tests, follow the Flowchart (Appendix 5.D for major pathogens
& Appendix 5.E for PRIs) to determine which biochemical tests are needed to
determine identification.

E. Inoculate biochemical tubes and label with pertinent case history information.

1. Follow the directions for interpretation of biochemical tests in the next section.

NWFHS Laboratory Procedures Manual 4.0 Edition, September 2006 Chapter 5  Page 4



F. Treat all bacterial cultures as potential human pathogens. When testing is complete,
either cryopreserve isolates of interest, or discard bacterial plates and biochemical tubes
in a biohazard bag and autoclave.

V. Gram Stain

Gram stain pure strain cultures to determine whether Gram-negative or Gram-positive. Gram
staining detects a fundamental difference in the cell wall composition of bacteria. Kits are
available commercially, or formulas for reagents are listed in Appendix 5.B.
A. Prepare a bacterial smear from a pure culture
1. Put adrop of saline, distilled water, or PBS on a clean glass slide

2. Using a sterile loop or needle touch an isolated colony and mix in the water drop.

3. Mix until just slightly turbid (light inoculum is best, excess bacteria will not stain
properly).

4. Let air dry and heat fix. Do not overheat; slide should not be too hot to touch.
5. Allow to cool.

B. Flood the slide with crystal violet, and allow to remain on the slide for 60 seconds

C. Wash off the crystal violet with running tap water.

D. Flood the slide with Gram’s iodine, and allow to remain on the slide for 60 seconds.

E. Wash off with running tap water.

F. Decolorize with 95% alcohol and 5% acetone solution until the solvent flows colorless
from the slide (approximate 5-10 seconds). Excessive decolorization should be avoided
since it may result in a false gram-negative reading.

G. Rinse immediately with running tap water.

H. Counter stain with Safranin for 60 seconds.

I. Rinse with tap water and allow to air dry.

J. Results

1. Gram-negative cells are decolorized by the alcohol-acetone solution and take on a
pink to red color when counterstained with safranin.
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2. Gram-positive cells retain the crystal violet and remain purple to dark blue.

K. Quality Control

VI.

VII.

Use a known bacterial culture as a control for each case history to assess correct staining
and interpretation (cultures can be obtained from ATCC® and maintained at 2-8°C for
long term use). Additionally Fisher Scientific has gram control slides (Catalog# 08-801)
1. Positive: Staphylococcus sp.

2. Negative: Yersinia ruckeri

Alternative test for Gram Reaction — 3% Potassium Hydroxide
Add a heavy inoculum of pure culture of bacteria grown on a solid medium to a drop of
3% potassium hydroxide (KOH) solution (3 grams KOH per 100 mL distilled water) on a

clean glass slide.

Stir for about one minute, occasionally lifting the loop to look for thickening and
“stringing” of the slurry.

Results:
1. Gram positive bacteria will not appear to change the viscosity of the KOH solution.

2. Gram negative bacteria will cause the KOH solution to become stringy or mucoid in
appearance and consistency.

Quality Control:
1. Gram Positive: Staphylococcus sp. (ATCC® any isolate)

2. Gram Negative: Yersinia ruckeri

Presumptive Identification of Gram Negative Bacteria

Refer to Flow Chart in Appendix 5.D and 5.E then perform the following series of tests. All the
following tests should be incubated aerobically unless stated otherwise.

A. Carbohydrate Utilization (MacFaddin 1980)

The following carbohydrates are utilized to aid in bacterial species identification:
Arabinose, Rhamnose, Mannitol, Salicin, Sorbitol, and Sucrose (saccharose). The
procedures to be followed for each of these media are identical.

1. Inoculate carbohydrate tube (Appendix 5.A “Carbohydrate Utilization Medium”)
with growth from an 18 to 24 hour pure culture.
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2. Incubate with loosened cap 18 to 24 hours at 20-24°C. A prolonged incubation of up

to four days may be necessary for some negative results.

3. Results

a. Positive - Acid is produced from fermentation, which turns media yellow.

b. Negative - No fermentation of carbohydrate, media remains green.

c. Aerogenic - Gas bubbles are present within the media.

4. Quality Control

Carbohydrate | Positive Control Isolate Negative Control Isolate
. Escherichia coli (ATCC" . .
Arabinose 25922) Yersinia ruckeri
. Escherichia coli (ATCC® .
Sorbitol 25922) Y. ruckeri Type |
Enterobacter aerogenes . .
Rhamnose (ATCC® 13048) Yersinia ruckeri
Salicin Enterobacter aerogenes Yersinia ruckeri
(ATCC" 13048)
5. Precautions
a. Difficulty in interpreting test results may occur with slow growing bacteria.
Prolonged incubation may be required.
b. Heavy bacterial growth throughout the media can offset the color of a negative
(green) reaction, giving the appearance of a weakly positive (yellow) reaction.
This is especially true with yellow-pigmented bacteria. These tubes should be
retested if a true yellow color is not noted within several days.
B. Catalase

This test determines bacterial production of catalase enzymes.

1. Place a drop of hydrogen peroxide (3% H,O, - reagent grade) on a microscope slide
or in the concave surface of a hanging drop slide.

2. With a sterile loop, collect a sample of 18 to 24 hour old pure bacterial culture.

3. Place the loop in the hydrogen peroxide.

NWFHS Laboratory Procedures Manual
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of O2 gas.

4.0 Edition, September 2006 Chapter 5  Page 7



b. Record results.
C. Cytochrome oxidase
This test determines the presence of cytochrome oxidase enzymes. The use of an iron-
containing metal inoculation loop can lead to a false-positive reaction. Use only plastic or

platinum loops for this test.

1. Add an inoculum of pure 18 -24 hour old bacterial culture to the test strip
impregnated with reagent.

2. Results

a. Positive: purple color within 5-10 seconds (reactions that occur after 10 seconds
are negative).

b. Negative: no purple color.

3. Quality Control:
a. Positive: Pseudomonas aerugenosa (ATCC® 10145)
b. Negative: Yersinia sp.

D. Decarboxylase Test (Lysine and Ornithine)

A determination of bacterial enzymatic capability to decarboxylate an amino acid to form

an amine with resultant alkalinity.

1. For each isolate to be tested, it is necessary to inoculate a decarboxylase control tube
and lysine or ornithine test tube (Appendix 5.A “Decarboxylase Medium Base”). Use
light inoculum from 18 to 24 hour pure culture.

2. Add 1 to 2 mL oil overlay to each tube.

3. Incubate 24 hours at 20-24°C. A prolonged incubation of up to four days may be

necessary.
4. Results
Test Result | Lysine or Ornathine Tube Control Tube
Positive Turbid to faded purple (glucose Yellow
fermented, decarboxylase produced) | (glucose fermented)
Negative Yellow (glucose fermented, Yellow
& decarboxylase not produced) (glucose fermented)
Negative Purple (glucose not fermented, Purple
& decarboxylase not produced) (glucose not fermented)
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5.

6.

Quality Control

a. Positive - Enterobacter aerogenes (ATCC® 13048)
b. Negative - Proteus vulgaris (ATCC® 13315)
Precautions

a. At the end of incubation, the lysine tube might show a layer of purple over
yellow. Gently shake the tube before interpreting the result.

b. An indistinct yellow-purple color may be difficult to interpret. Use the control
tube for comparison. Any trace of purple color after a 24-hour incubation in the
amino acid tube denotes a positive result.

c. Do not interpret tests prior to 18 to 24 hours. During the first 12 hours, only
glucose is fermented which produces a yellow color. Decarboxylase enzymes do
not form until the acidic environment is established by the fermentation of
glucose.

E. Esculin Test
To determine the ability of an organism to hydrolyze the glycoside esculin (aesculin) to
esculetin (aesculetin) and glucose in the presence of bile (10 to 40%).

1.

Inoculate the surface of the bile esculin slant (Appendix 5.A “Bile Esculin Agar™)
with inoculum from an 18 to 24 hour old pure culture.

Incubate 20-24°C for 24 to 48 hours.

Results

a. Positive - Presence of a black to dark brown color on the slant.

b. Negative - No blackening of the medium.

Quality Control

a. Positive - Enterobacter aerogenes (ATCC® 13048)

b. Negative - Yersinia ruckeri

Precautions - False positives may occur with hydrogen sulfide producing organisms,

such as Shewanella putrefaciens. Neither of the target organisms for these protocols
will, however, produce hydrogen sulfide.
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F. Gelatinase
A test to determine bacterial production of gelatinase enzymes that liquefy gelatin.

1. Inoculate by stabbing 2 to 1 inch deep into the nutrient gelatin media (Appendix 5.A
“Nutrient Gelatin”) with a heavy inoculum from an 18 to 24 hour pure culture.

2. Inocubate 18 to 24 hours at 20-24°C.
3. Results

a. Positive — Media is liquefied. Weak results can be visualized by rapping the tube
against the palm of the hand to dislodge droplets of liquid from the media. Any
drops seen are considered positive.

b. Negative — No liquefaction occurs in media.
4. Quality Control
a. Positive - Proteus vulgaris (ATCC® 8427)
b. Negative - Escherichia coli (ATCC® 25922)
5. Precautions
a. The liquid will generally appear turbid due to bacterial growth.

b. Nutrient gelatin softens at temperatures above 20°C. Keep refrigerated until ready
to inoculate, and do not let tubes reach room temperature or warmer. This will
make interpretation of results difficult. Tests, which are incubated at 35°C,
should be refrigerated prior to recording results.

G. Indole Test
A test to determine bacterial ability to split indole from the tryptophan molecule. Certain
bacteria are able to oxidize the amino acid, tryptophan, with tryptophanase enzymes to
form three indolic metabolites - indole, skatole (methyl indole), and indoleacetate.
Indole, pyruvic acid, ammonia, and energy are principle degradation products of
tryptophan. Indole, when split from the tryptophan molecule, can be detected with the
addition of Kovac’s reagent. The reagent is not a dye or stain, but reacts with indole to
produce an AZO dye.

1. Inoculate tryptone broth (Appendix 5.A“Tryptone Broth”) with a light inoculum from
an 18 to 24 hour pure culture.

2. Incubate 24 to 48 hours at 20-24°C

3. At the end of 24 hours incubation do the following:
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a. Aseptically remove 2 mL of media and place in an empty sterile test tube. Save
extra tube for 48-hour incubation, if necessary.

b. Add about 5 drops of Kovac’s reagent (Appendix 5.B “Kovac’s Indole Reagent™)
to one of the tubes and agitate tube.

c. Ifapositive reaction is observed, the test is complete.

d. If the 24 hour incubated sample is negative, incubate the remaining tube for an
additional 24 hours, and test again for the presence of indole with Kovac’s
reagent.

4. Results

a. Positive - Within 1 to 2 minutes, a cherry red ring will form at the surface of the
media.

b. Negative - No color formation is observed at the surface; the color remains that of
the reagent — yellow.

c. Variable - An orange color may develop. This indicates the presence of skatole,
which may be a precursor of indole formation.

5. Quality Control
a. Positive - Escherichia coli (ATCC® 25922)
b. Negative - Pseudomonas aerugenosa (ATCC® 27853)
6. Precautions
a. Avoid inhaling fumes of Kovac’s. Wear gloves to avoid skin contact.
b. Tests for indole should be conducted after both 24 and 48 hours of incubation
before a test can be declared negative. Split the broth culture prior to performing
the 24-hour test. If negative, incubate the untested tube (without Kovac’s) for

another day and try again.

c. Do not eliminate the 24-hour test, because some organisms may have produced
indole by 24 hours, but have broken it down by 48 hours. DO BOTH!

d. Kovac’s reagent should be fresh. A color change from yellow to brown indicates
aging and results in reduced sensitivity of the test.

e. The procedure described here produces more reliable results than those obtained
from MIO (motility-indole-ornithine) medium.
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H. Malonate Test
A method to establish if a bacterial isolate is able to utilize sodium malonate as its only
source of carbon.

1. Inoculate malonate media (Appendix 5.A “Malonate Broth”) with a light inoculum
from an 18 to 24 hour pure culture.

2. Incubate 24 to 48 hours at 20-24°C.
3. Results

a. Positive - Light blue to deep blue color throughout the media.

b. Negative - Color remains the same as un-inoculated tube - green.
4. Quality Control

a. Positive - Enterobacter aerogenes (ATCC® 13048)

b. Negative - Yersinia ruckeri

5. Precautions
The test tube must be incubated for at least 48 hours before it may be called negative.
Since some bacteria produce only slight alkalinity, it is useful to compare the test to
an un-inoculated tube. Any trace of blue color denotes a positive reaction.

. Motility
This test determines if a bacterial isolate is motile by means of flagella.

1. Place a drop of distilled water or sterile PBS onto the center of a clean microscope
cover glass. Place an additional tiny drop in one corner of the cover glass (to adhere
the cover glass to the depression slide when it is inverted). Inoculate the center drop
from a pure strain culture that is 24 to 48 hours old using a sterile loop. Carefully
invert the cover glass and place over the concave portion of a hanging drop slide.
Observe for motility using phase contrast at 400X magnification on a compound
microscope. Care should be taken to not interpret “drift” or “Brownian motion” as
motility. Record results as motile or non-motile.

2. If this method fails to show motility then:
a. Inoculate a nutrient broth with the isolate and incubate at room temperature until
growth is obtained, usually 24 hours. After incubation use a sterile loop or sterile

dropper and place a drop on a clean cover glass. Place a tiny drop of distilled
water in one corner of the same cover glass. Continue as above.
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3.

b. Semi-solid motility test medium can also be used. Stab the medium with a small
amount of inoculum. Incubate overnight at room temperature. If the bacterial
species is motile, the medium will become turbid with growth that radiates from
the line of inoculum. If the bacterial species is non-motile, only the stab line will
have visible bacterial growth.

Quality Control
a. Positive: Escherichia coli (ATCC" 25922)

b. Negative: Aeromonas salmonicida

J. Nitrate Reduction
To determine the ability of an organism to reduce nitrate (NOs) to nitrite (NO,) or further
reduced products.

1.

6.

Inoculate the broth (Appendix 5.A “Nitrate Broth”) with 18 to 24 hour old pure
culture.

Incubate 24 to 48 hours at 20-24°C aerobically.

After incubation add about 5 drops of a-naphthylamine and sulfanilic acid (Appendix

5.B “a-naphthylamine”, “sulfanilic acid”) to the medium and shake gently to mix
reagents..

If there is no color development after addition of a-naphthylamine and sulfanilic acid,
add a small amount of zinc dust.

Results

a. Positive — Formation of a pink or red color in the medium within 1-2 minutes
following the addition of a-naphthylamine and sulfanilic acid. or no color
development within 5-10 minutes after adding zinc dust.

b. Negative — No pink or red color development within 1-2 minutes following the
addition of a-naphthylamine and sulfanilic acid. or red color development within
5-10 minutes after adding zinc dust.

Quality Control

a. Positive — Escherichia coli (ATCC® 25922)

b. Negative — Acinetobacter sp. (ATCC" 33304)

Precautions — Make sure to watch for the color change as the color may fade quickly.

Before final determination of results are made be sure to add a small amount of zinc dust.
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To much zinc dust can reduce the nitrate to quickly resulting in a false negative reaction.
Strongly reducing bacteria may exhibit a brown precipitate.

K. Glucose Fermentation (OF Basal with 1% Glucose)
Bacteria metabolize carbohydrates by oxidative and/or fermentative pathways. Oxidation
occurs in the presence of atmospheric oxygen (aerobic), whereas fermentation takes place
in an anaerobic environment. Metabolism of the carbohydrate dextrose by either an
aerobic or anaerobic pathway results in acid production. The resulting acidic
environment causes the Brom Thymol blue pH indicator in the medium to turn from
green to yellow. The presence of bubbles in the tube indicates gas production
(aerogenic). If no reaction occurs, the medium can remain unchanged or become alkaline
(blue at the surface).

1. A deep butt tube (~7 mL in 16 x 125mm) is used for this test.
2. With a sterile needle take a small inoculums from an isolated colony and stab to the
bottom of the tube of the glucose fermentation medium (Appendix 5.A “Glucose

Fermentation Medium).

3. Incubate at 20-24°C for 24 to 48 hours. Check tubes at 24 hours for acid and/or gas
production.

4. Results: A =acid(yellow); AG = acid + gas, N = no change or alkaline

Top of Tube Bottom of Tube
Oxidative A N
Fermentative AGor A AGor A
Non-reactive N N
5. Quality Control: Fermentative: Aeromonas sp.
Oxidative: Pseudomonas sp.

L. Simmons Citrate
Organisms that are able to use citrate as the sole source for metabolism and growth are
able to grow on Simmons citrate agar. By metabolizing citrate by the bacteria alkaline
conditions are formed in the medium. The pH indicator in Simmons citrate agar,
bromothymol blue, will turn from green from acidic conditions to a royal blue when the
medium becomes alkaline.

1. Inoculate the agar (Appendix 5.A “Simmons Citrate Agar”) by making a streak onto
the surface of the slant with a 18 to 24 hour old pure culture.

2. Incubate for up to 4 days at 20-24°C.

3. Results
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a. Positive — growth and medium color change to a blue-green or royal blue.

b. Negative — little or no growth and no color change in the medium, remaining dark
green.

5. Quality Control
a. Positive — Enterobacter aerogenes (ATCC® 13048)
b. Negative — Escherichia coli (ATCC® 25922)

6. Precautions — Inoculation with a large amount of bacteria may produce a yellow to
tan color on the slant. This does not signify a reaction.

M. Triple Sugar Iron (TSI)
This medium can determine the ability of an organism to utilize specific carbohydrates
incorporated in a basal growth medium, with or without the production of gas, along with
the determination of hydrogen sulfide (H,S) production. TSI agar contains the three
sugars in varying concentrations: glucose (1X), lactose (10X), and sucrose (10X). It also
contains the pH indicator phenol red. If sugar fermentation occurs, glucose will be
initially used and the butt of the tube will be acidic (yellow). After glucose utilization the
organism may continue to ferment the remaining sugars. If this occurs the entire tube
will become acidic. Certain bacteria are unable to utilize any sugars and will breakdown
the peptone present. Peptone utilization causes an alkaline (red) shift in the medium that
causes a color change from orange to red. Blackened medium is caused by hydrogen
sulfide production, which changes ferrous sulfate to ferrous sulfide. In addition, splitting
of the medium or presence of bubbles in the butt of the tube can determine gas
production.

1. With a sterile needle inoculate the TSI slant (Appendix 5.A “Triple Sugar Iron
Agar”) by stabbing to the bottom of the tube and then streaking the surface of the
slant as the needle is drawn out of the tube. Screw the cap on loosely.

2. Incubate at 20-24°C. Read after 18 to 24 hours.

3. Results
A = Acid; K = Alkaline; H2S = Hydrogen sulfide produced; N =No change
Slant/Butt Color/Reaction Interpretation

K/Nor K/A  red/orange (oxidative) or only peptone utilized or
red/yellow (fermentative)  only glucose-fermented

A/A yellow/yellow glucose, plus lactose
and/or sucrose-fermented

gas splitting or bubbles gas production

H,S black butt Hydrogen sulfide produced
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4. Quality Control

A/A: + gas: Aeromonas spp., Escherichia coli (ATCC® 25922)
K/A w/gas H,S: Edwardsiella tarda, Salmonella typhimurium
K/A: Proteus spp., Shigella flexneri (ATCC® 12022)

K/N: Pseudomonas spp.

K/N w/H,S: Shewanella putrefaciens

N. O/129 Discs — this test determines the sensitivity of a bacterial organism to the
vibriostatic agent 2,4-diamino-6,7 di-isopropylpteridine (O/129).

1. Suspend bacteria in sterile saline or PBS (Appendix 5.B “Saline Solution”or
“Phosphate Buffered Saline Solution™).

2. Streak suspension on plate in three planes with a cotton swab.
3. Aseptically place sensitivity disc in the center of inoculum.
4. Incubate at 20-24°C for 24 hours.

5. This test can be done on the same plate as the antibiotic sensitivity test (Appendix 5.A
“Mueller-Hinton Agar”).

6. Results
a. Sensitive: Zone of inhibition around disc
b. Resistant: Growth adjacent to disc
7. Quality Control
a. Positive: Vibrio anguillarum
b. Negative: Aeromonas hydrophila

O. Commercial Identification Systems
Several commercial test strips or kits are available for biochemical testing of bacteria.
Bear in mind that these kits are designed for human and/or animal testing and the
manufacturer’s recommended incubation temperature is 37°C. The decreased incubation
temperature (22°C - room temperature) required for most fish pathogens results in
slightly different reactions and longer incubation periods. Therefore, test results may not
follow the manufacturer’s identification profiles exactly. A good approach to this
problem is to develop a library of known fish pathogen profiles based on serological
testing. Referring to this information will assist with interpretation when these
commercial test strips are used at room temperature (see Appendix 5.C for some common
API profiles based on known bacterial isolates).
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1. API20E™ —The API 20E™ system is a standardized, miniaturized version of
conventional procedures for the identification of Enterobacteriaceae and other Gram-
negative bacteria. It is a ready-to-use, microtube system designed for the
performance of 23 standard biochemical tests from isolated colonies on plating
medium. The test strip consists of microtubes containing dehydrated substances
which are reconstituted by adding a bacterial suspension, incubated so that the
organisms react with the contents of the tubes, and read when the various indicator
systems are affected by the metabolites or added reagents, generally after 18 to 24
hours of incubation. Refer to the instructions enclosed with each kit for more detailed
information. The API system™ is available from bioMérieux (1-800-638-4835,
catalog #20-109/20-179).

2. Bionor™ — There are three Bionor Aqua™ rapid agglutination tests that are useful in
fish pathology labs; Mono-As™ for Aeromonas salmonicida (product # DD 020),
Mono-Va™ for Vibrio anguillarum (product # DE 020), and Mono-Yr™ for Yersinia
ruckeri Type I (product # DC 020). These kits contain a test reagent and a control
reagent. The test reagents consist of mono-dispersed particles coated with antibodies
that form a granular particle agglutination pattern when mixed with the homologous
bacteria. When the bacterial isolate is mixed with the control reagent, no
agglutination will appear. See instructions enclosed with each test for complete
directions. These tests appear to be very specific. For example, the Mono-As will
not agglutinate with Aeromonas hydrophila and the Mono-Yr™ is type I specific.
The test kits can be purchased from Bionor, Stremdaljordet 4, P.O. Box 1868 Gulset,
N-3701 Skien, Norway.

3. Biolog — MicroLog™ is a microbial identification system able to identify and
characterize a wide variety of organisms based on carbon source utilization. The
system has identification databases that contain over 1400 different species/genera of
aerobic and anaerobic bacteria and yeasts. The identification databases include a
wide variety of organism including animal, plant, and water pathogens. The system
also allows the user the capability to build customized organism databases. All
organisms can be identified/characterized using one of four standardized
MicroPlates™; GN2-MicroPlate™ for gram-negative bacteria; GP2- MicroPlate™ for
gram-positive bacteria; AN-MicroPlate™ for anaerobic bacteria; and YT-
MicroPlate™ for yeasts. Each of these MicroPlates™ contains a pre-selected group of
carbon sources as well as an indicator dye. When the appropriate MicroPlate™ is
inoculated and incubated, a characteristic pattern (fingerprint) of the organism
develops based on which carbon sources the organism can utilize. The resulting
pattern can be read either visually or with Biolog’s MicroStation Reader™. The
results are then compared by the system software to the extensive organism database
for final identification. Biolog sells both manual and automated versions of its
popular identification/characterization system. Products are available directly from
Biolog, 3938 Trust Way, Hayward, CA. 94545 (1-510-785-2564 or website
www.biolog.com).
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VIIIl. Characteristics of Target Bacterial Pathogens

A. Aeromonas salmonicida: Gram-negative small rod, non-motile, brown diffusible
pigment* on TSA or BHIA, cytochrome oxidase positive**, ferments OF basal glucose.
Additional biochemical testing on API and corroboration by serological methods
(agglutination or FAT) is recommended.

B. Edwardsiella ictaluri: Gram-negative small rod, motile, cytochrome oxidase negative,
ferments OF basal glucose, produces alkaline slant and acid butt with gas (K/Ag) on TSI.
A differential medium, Edwarsiella ictiluri medium (Appendix 5.A “Edwarsiella ictiluri
Medium”), is also available to aid in identification. Further biochemical testing on API,
and serological testing for corroboration is recommended.

C. Yersinia ruckeri: Gram-negative small rod, motile, cytochrome oxidase negative,
alkaline/acid (K/A) on TSI, ferments OF basal glucose. Biochemical tests with API and
corroboration by serological testing are recommended.

D. Renibacterium salmoninarum: Gram-positive rod, extremely slow growing (4-6 weeks)
on KDM-2 or other types of specialized growth agar. Identify with FAT or ELISA.
Corroboration with PCR.

*  Some strains of A. salmonicida do not produce brown diffusible pigment, or pigment
production is delayed.
** An Oxidase-negative A. salmonicida has been reported (Chapman et al. 1991)

IX. Characteristics of Bacterial Pathogens of Regional Importance

A. Citrobacter freundii: Gram-negative, rod shaped (1.0um x 2.0-6.0 um), motile,
cytochrome oxidase negative, ferments OF basil glucose, alkaline slant and acid butt with
gas (K/Ag) or the entire tube can become acidic with gas production on TSI., and also
produces H,S on TSI, and lysine and ornathine decarboxylase negative. Further
biochemical testing on API, and serological testing for corroboration is recommended.

B. Edwarsiella tarda: Gram-negative, small rods (1.0 um x 2.0-3.0 um),motile cytochrome
oxidase negative ferments OF basil glucose, alkaline slant and acid butt with gas (K/Ag)
or the entire tube can become acidic with gas production on TSI., and also produces H,S
on TSI, and lysine and ornathine decarboxylase positive. Further biochemical testing on
API, and serological testing for corroboration is recommended.

C. Flavobacterium columnare: Gram-negative, gliding motility, long rods, yellow
pigmented bacteria. For additional characteristics see Appendix 5.F.

D. Flavobacterium psychrophilum: Gram-negative, gliding motility, long rods, yellow,
yellow pigmented. For additional characteristics see Appendix 5.F.
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X. Corroboration Methods

In most cases corroboration is performed by either direct or indirect FAT. However antisera is
not always available for all bacterial pathogens. If antisera is not available, there has been recent
developments of PCR methods to aid in bacterial identification. See Chapter 7 (Corroborative
Testing of Bacteria by Polymerase Chain Reaction (PCR)) for additional corroborative methods
for Flavobacterium psychrophilum, Yersinia ruckerii, and Aeromonas salmonicida. In particular
the methods for corroboration of PRIs are not covered in this chapter. Refer to the AFS-FHS
Blue Book (2004) for additional information on PRIs and Chapter 7 for corroboration methods
by PCR for Flavobacterium psychrophilum. In the case that antisera or PCR is not available for
corroboration, determination of bacterial identification can be made on biochemical and
morphology characteristics alone.

A. Slide Agglutination Test
Slide, or serum agglutination, test confirms bacterial identification by agglutination of a
pure bacterial culture with its specific antiserum (e.g., Aeromonas salmonicida, Yersinia
ruckeri, Edwardsiella ictaluri as well as PRIs such as Flavobacterium psychrophilum,
and Flavobacterium columnare).

1. Procedure

a. Put0.5-1.0 mL PBS into a 12x75mm tube. (*A. salmonicida may work better
with deionized water.)

b. Sterilize a loop and collect a sample of a 24-48 hour pure bacterial culture.
c. Suspend the bacteria in the PBS by thoroughly vortexing.

d. Heat F. columnare and F. psychrophilum cultures 5 minutes at 50-55°C to prevent
auto agglutination.

e. Using a ring plate, put one drop of bacterial suspension onto each of three wells.
f. Negative Control - on the first well, place a drop of PBS (*or water).

g. On the second well, place a drop of antiserum for the appropriate bacterium, and
on the third well, place a drop of normal rabbit serum (NRS).

h. Mix the drops together by gently rocking the plate back and forth. You can also
use a rotating plate set on slow speed.

i.  Allow 5-10 minutes for agglutination to occur. It may be helpful to observe the

plate on a light stand or with an illuminated magnifier to see agglutination of
bacteria and antibody.
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j. Interpretation

1. Agglutination in the well with bacteria and antiserum is a positive test; it is
often referred to as a somewhat flaky 'dissolved aspirin' appearance.

ii. Negative controls should appear turbid, but without agglutination.

B. Fluorescent Antibody Technique (FAT) for bacteria.
The Fluorescent Antibody Test is one serological method for corroboration testing of
Gram-negative bacterial isolates such as Aeromonas salmonicida, Citrobacter freundii,
Edwarsiella tarda, and Yersinia ruckeri. It is also often used for the Gram-positive
bacterium Renibacterium salmoninarum (Rs), the causative agent of bacterial kidney
disease (BKD) in very small fish where the quantity of kidney tissue is inadequate for
ELISA.

In general, there are two types of staining procedures that utilize fluorescent antibodies; the
indirect (IFAT) and direct (DFAT) techniques. The principle and techniques are similar,
however the indirect utilizes a second antibody, which is often biotinylated for increased
sensitivity. The direct FAT is used more commonly for bacterial corroboration testing and
the indirect method, IFAT, is most often used for corroboration testing of viral isolates by
staining cell cultures infected with virus. This section describes the DFAT only; see
Chapter 12 “Corroborative Testing of Viral Isolates”, for the IFAT protocol.

There are three basic steps for DFAT: preparing and fixing bacterial cultures or kidney
tissue on glass slides; staining the slides with antibody reagents; reading and interpreting
the slides.

1. Preparing the slides (two methods described here for pure bacteria or tissues):

a. Pure Bacterial Cultures (corroboration testing of pure isolates of Aeromonas
salmonicida, Citrobacter freundii, Edwarsiella tarda, or Yersinia ruckeri). Pure
isolates of bacteria are diluted in sterile PBS and applied to a FAT slide. Air-dry
and fix in absolute methanol for 5-10 minutes. Proceed to step #2.

b. Kidney Smears from small fish - DFAT for Renibacterium salmoninarum. Kidney
samples for FAT most often are collected in the field during necropsy. Kidney
tissue is collected from each fish using sterile tools between lots to avoid cross-
contamination. The kidney tissue is squashed onto the slide in a manner to provide
a thin smear (thick smears tend to adhere poorly to the slide and are difficult to
view microscopically).

c. Ovarian Fluid pellet smears — DFAT for Renibacterium salmoninarum,

In the case of sampling wild fish that are too valuable to sacrifice for lethal
sampling or will only be used as brood fish, then ovarian fluid is collected.
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i.  Ovarian fluid sample is collected in individually or pooled (up to five fish)
using approximately 1 mL per fish.

il. Transfer two 1.5 mL aliquots from each original pool of ovarian fluid (or 0.5
mL per fish) to sterile, labeled 1.5 mL microcentrifuge tubes (see Note).
Freeze the remainder of the sample at -20°C for PCR corroboration.

iii. Centrifuge the 1.5 mL aliquots at 10,000 X g for 15 minutes (see Note).

iv. The pellet is carefully removed with a small amount of supernatant using
sterile pipette and a thin smear is prepared on a glass slide. Pellets originating
from the same ovarian fluid sample tube may be combined on one slide.

Note: Elliot and McKibben (1997) document the importance of using a
minimum of 10,000 X g for sufficient sedimentation of R. salmoninarum
from 0.5 mL of ovarian fluid collected from individual fish. Enough
ovarian fluid must be transferred from each pool to represent 0.5 mL for
each fish represented in the pool (i.e. 2.5 mL from a 5-fish-pool). Most 15
mL polystyrene centrifuge tubes used for collection and processing of
ovarian fluid samples cannot be centrifuged at a relative centrifugal for (rcf)
as high a 10,000g. It is, therefore, necessary to use polypropylene tubes or
aliquot the appropriate amount of liquid into microcentrifuge tube suitable
for the required rcf.

d. After the tissue has completely dried (air dried or heat fixed), slides are fixed in
acetone for approximately 5-10 minutes.

e. At the lab (or receiving facility), the slides are checked for completeness of labeling
(case number and fish identification) and then stained immediately or refrigerated
for staining on a subsequent day.

2. Staining - Once slides are prepared, the staining procedure is the same regardless of
the sample type (bacterial isolate or kidney tissue), however a counter stain is usually
not required for bacterial cultures.

a. Positive and Negative Controls: Slides containing both a non-cross-reacting
bacterial species and a known positive control can be prepared in quantity and
stored refrigerated for use as controls for DFAT staining. Positive controls are
always used in corroboration testing to correctly identify morphology and
fluorescence of the bacteria in question. The negative control is important in
determining overall staining technique, background debris, and non-specific
fluorescence.

b. Place slides in dark, humidified chamber, and place one drop of specific FITC
conjugate on each well of the sample slide and control slides.
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c. Incubate for 30-60 minutes at room temperature, according to manufacturer’s
recommendation.

d. Using a squirt bottle or transfer pipette, GENTLY rinse the slides with PBS (or
FTA Buffer) by flooding the solution over all wells.

e. If Rhodamine counter stain has not been incorporated in the FAT stain, place the
slides in a staining rack and GENTLY rinse in the following order:

1. PBS for 30 seconds

ii. Evan’s blue counter stain for 3-4 minutes for Renibacterium salmoninarum.
(A counter stain is not necessary for corroboration testing of pure bacterial
cultures, Rhodamine can also be used if desired.)

iii. Final rinse/soak in PBS or FTA buffer for 5-10 minutes.
f. Air-dry completely.
g. Add a very small drop of FA Mounting Fluid, pH 9 (Difco #3340-57) to each well

or target area. Place a 24x50 mm cover glass over the slide using care not to trap
air bubbles.

h. Spread the mounting fluid by gently pressing the cover glass with the blunt end of
a pen or lab marker evenly over the target area. The fluid should just cover the
target area (If the mounting fluid spreads out from under the cover glass, too
much mounting fluid was applied).

i.  Add one drop of immersion oil to the cover glass over every other well and
examine at 1000X using the epiflourescent filter.

3. Reading and Rating: Slides are read at 1000X on a compound fluorescence
microscope (refer to the microscope manufacturer for correct wavelength and filters
required for FITC epifluoresence microscopy). The positive and negative control
slides are read first. This has two purposes: (1) quality assurance for the staining
process (positive control should have myriad numbers of fluorescing bacteria, the
negative control should have no fluorescence); and (2) to familiarize the reader with
the correct bacterial size, shape, and magnitude of the fluorescent halo of bacteria in
the positive control. The reader can refer back to the positive control as a reference,
if needed, to confirm suspect bacteria in the sample wells.

a. Bacterial Corroboration Testing: Positive bacterial isolates will fluoresce strongly
and have the same morphology and size as the positive control.

b. Kidney and Ovarian pellet smears tested for Renibacterium salmoninarum -
bacterium will have a distinctly apple-green fluorescent cell wall; be the
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appropriate Size - 1 micron long by 0.5 micron; and be the proper shape (bean
shaped or pear shaped with one end appearing slightly pinched). Compare
any suspect bacteria to the control slide to be sure all three of the above criteria
are met for Renibacterium salmoninarum.

4. Hints for Good Results:

a. Use FITC conjugates at optimum working dilution. Follow manufacturer’s
recommendation to test for optimum working concentration (see page 24).

b. Filter all conjugated antibody reagents (0.45 um filter) prior to use to reduce
background debris that fluoresce nonspecifically and cause difficulty in reading and
interpreting the slides.

c. Prepare thin smears; thick smears will not stain or fix properly and are more easily
washed off during the staining process, and thick slides require frequent focusing to
observe multiple focal planes.

d. Evenly distribute the kidney material in PBS, or use a very light inoculum of pure
bacterial culture (excess bacteria will stain poorly).

e. Heat-fix slides prior to fixing in acetone. If there is not an adequate way available
to heat-fix the slides they can be air-dried and sent to the lab without fixation.

f. Control slides should be rinsed in separate Coplin jars to avoid any potential for
cross contamination during the staining process.

g. Use acetone to fix slides; the acetone reduces the lipid content of the preparation
(de-fatting) increasing the overall fluorescence quality and intensity.

5. FAT Material Suppliers

a) Kirkegaard and Perry Laboratories, Inc
2 Cessna Court
Gaithersburg, MD 20879-4145 USA
Phone: 800/638-3167, 301/948-7755
Web Site: http://www.kpl.com

Antibodies available: Polyclonal antibodies available in FITC-conjugated and other
preparations for Renibacterium salmoninarum only. KPL also provides positive
control material for FAT.
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b) Microtek International, LTD (Bayotek)
6761 Kirkpatrick Crescent
Saanichton, B.C.,CA
Phone: 250-652-4482
Web Site: http://microtek-intl.com

6. Reagents

a. Phosphate buffered saline, pH 7.2 (PBS)

NaCl 720¢g
(sodium chloride, MW 58.44)

NazHPO4 1.48 g
(sodium phosphate, anhydrous dibasic, MW 141.96)

(potassium phosphate, anhydrous, monobasic, MW 136.1)

Bring components to 1 L with distilled water. Adjust pH to 7.2 with 1 M NaOH or
HCL

7. Determination of Antiserum and Conjugate Working Dilutions for FAT.
In most cases commercially prepared antisera and conjugates are lyophilized in a
concentrated state. Each should be reconstituted according to the manufacturer's
instructions. Aliquots of 0.5 mL can be frozen for later dilution into a working solution
of the reagent. Reagents are more stable if frozen as a stock solution. The proper
working dilution is the highest dilution that still maintains maximum brightness of the
fluorochrome. Generally the manufacturer will recommend between 1:20 to 1:50 using
a suitable buffer (PBS) as the diluent. However, in all cases each laboratory must
establish the proper working dilution by starting with the manufacturer’s
recommendation and bracketing, or testing dilutions on either side of the recommended
concentration. The following example shows preparation of a direct FAT conjugate
where the manufacturer recommends a working dilution of 1:40.

a. Using the stock solution dilute the antiserum at 1:20, 1:30, 1:40, 1:50, 1:60 using
PBS or another buffer as recommended.

b. The FAT is performed on replicates of a known positive control, each replicate
using a different dilution of the conjugated antiserum. In this way the working
dilution can be determined as the endpoint of optimum fluorescence (the highest
dilution that still provides a bright specific fluorescence with little or no background
staining).
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XI.  Antibiotic Sensitivity Testing

The antibiotic sensitivity test determines the sensitivity or resistance of a bacterial isolate to
specific antibiotics. Filter paper discs, each saturated with a different antibiotic, are evenly
spaced on an agar plate surface inoculated with a lawn of the bacterial isolate to be tested. The
antibiotics diffuse into the surrounding medium, and create a decreasing gradient of the antibiotic
concentration. If sensitive, a zone of bacterial growth inhibition (clear zone) will be present
around the antibiotic disc. The following antibiotics can be routinely tested: oxytetracycline,
sulfadimethoxine with ormetaprim (Romet 30), erythromycin, penicillin, polymyxin, O/129, and

novobiocin.

A. Suspend cells from a pure bacterial culture in log phase (24 to 48 hour culture) in sterile
saline to obtain a turbidity equivalent to a 0.5 McFarland standard.

B. Streak a Mueller-Hinton agar plate (Appendix 5.A “Mueller-Hinton Agar’”) with a sterile
cotton swab soaked with the bacterial suspension. Swab the plate in three separate planes.

C. Aseptically place antibiotic discs to be tested onto a freshly inoculated plate. Press onto

agar surface lightly.

D. Invert the plates and incubate at 25°C for 24 to 48 hours. Observe and record results by
measuring the diameters of the zone of inhibition around each disc.

E. Results: The following table lists zone of inhibition for each compound

1. Sensitive: A specific diameter zone of inhibition around the disc.

2. Resistant: Bacterial growth within the zone of inhibition or adjacent to the disc.

Antimicrobial Disc Content | Resistant | Intermediate | Sensitive
Erythromycin ' 15ug No zone <15 mm > 15 mm
Novobiocin 2 30 ug No zone <10 mm > 10mm
Oxolinic Acid ' 2ug No zone <15 mm > 15 mm
Oxytetracycline ' 30 ug No zone <15 mm 215 mm
Penicillin G 10U <11 mm 1221 mm | >22mm
Romet 30 ' 25ug No zone <15 mm > 15 mm
0/129 2 0.1% (W/V) No zone <7 mm >7 mm

' Model Comprehensive Fish Health Protection Program. Pacific Northwest Fish Health
Protection Committee, September 1989.

> CFMD pathology case materials (Myers 1997).

3 “Performance Standards for Antimicrobial Disc Susceptibility Tests,” NCCLS 1981.
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F. Quality Control
Control cultures should be included with each sensitivity test. Cultures are available from
American Type Culture Collection (ATCC™) or National Collection of Industrial, Food and
Marine Bacteria (NCIMB) of the United Kingdom (www/ncimb.co.uk.)

An excellent reference for antibiotic sensitivity testing is the Provisional Antimicrobial
Susceptibility Testing Protocols — 27 December (1998), produced by the Workshop on
MIC Methodologies in Aquaculture. Jerry Tjernagel (www/gtbugs@mnic.net) of
MicroBiologics is attempting to make all the NCIMB strains available in the United States
for use by fish health professionals. Also contact Tom Bell, Bozeman INAD office for a
copy of the Provisional Antimicrobial Susceptibility Testing Protocols or further
information.
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Appendix 5.A - Media Formulations

I. Common Growth Media

A. Brain Heart Infusion Agar (BHIA)
A basic agar for most bacterial cultures, better for warm water fish.

Suspend 52 g of dehydrated medium (Difco #0418) in 1 L distilled water and heat to
boiling. Boil for one minute to completely dissolve agar. Sterilize and dispense as
required.

B. Tryptic Soy Agar (TSA)
A basic agar for most bacterial cultures.

Suspend 40 g of dehydrated medium (Difco #0369) in 1 L distilled water and heat to
boiling. Boil for one minute to completely dissolve agar. Sterilize and dispense as
required. Store at 2-8°C. Final pH = 7.3%0.2 at 25°C.

C. Tryptone Yeast Extract Salt Agar (TYES)
A nutrient poor agar to help select for Flavobacterium.

Tryptone 50¢g
Yeast Extract 04¢g
MgSO4 «7H,0 05¢g
CaClz ‘2H20 0.2 g
Agar 10.0 g
d-H20 1L

Mix ingredients and heat to dissolve completely. Sterilize and dispense as required.
Store at 2.8°C. Final pH =7.110.2.

D. Cytophaga Agar
Another medium for isolating Flavobacterium. Differences in cell and colony
morphology aid in distinguishing the numerous bacteria that grow on this partially
selective agar. Streak for isolation on two plates, incubate one plate at 20°C and the other
at 25°C for 3-5 days.

1. Formula
Tryptone 05¢g
Yeast Extract 05¢g
Sodium Acetate 02¢g
Beef Extract 02¢g
Agar 10.0 g
d-H,O IL
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a. Suspend the above ingredients in distilled water and heat to dissolve.
b. Adjust pH to 7.2-7.4. Sterilize and dispense as required. Store at 2-8°C.
2. Results

a. Flavobacterium psychrophilum — No growth at 25°C. Growth of bright yellow
colonies at 20°C with convex center, and spreading periphery.

b. Flexibacter (marine) — Orange or yellow colonies with uneven edges.

c. Flavobacterium columnare — Light or no growth at 20°C. Greater growth of
yellow convoluted centered colonies with rhizoid edges at 25°C.

d. Flavobacterium sp. — Growth range 10-25°C, with best growth at 18°C. Light
yellow round colonies, transparent and smooth.

E. Nutrient Broth
To use when a liquid growth medium is preferred.

a. Dissolve 8 g of the dehydrated medium (Difco #0003) in 1 L of distilled water.
b. Dispense 5-7 mL/tube and autoclave for 15 minutes at 15 pounds pressure.

c. Final pH = 6.8 at 25°C. Store at 2-8°C.

I1. Commonly Used Media to Identify Growth and Biochemical
Characteristics

A. Bile Esculin Agar
A commercially prepared dehydrated media (Difco #0879) used for the esculin test. The
esculin agar is prepared according to manufacturer’s recommendations.

B. Carbohydrate Utilization Medium
A basal media for carbohydrate utilization tests, available in a commercially prepared
dehydrated powder (DF #0688). The OF basal is prepared according to manufacturer’s
recommendations prior to the addition of individual carbohydrates as described below:

1. Preparation of Final Medium
a. Aseptically add 10 mL of a filter-sterilized (0.45 um) 10% carbohydrate solution

to autoclaved and cooled (500C) medium resulting in a 1% final concentration,
with the exception of salicin, which should be made as a 5% solution resulting in
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a 0.5% final concentration (see below). Only one carbohydrate is added to the
basal medium for each test to be run.

10% Arabinose (1 g Arabinose to 10 mL in d-H20)
10% Rhamnose (1 g Rhamnose to 10 mL in d-H20)
10% Sucrose (1 g Sucrose to 10 mL in d-H20)

10% Sorbitol (1 g Sorbitol to 10 mL in d-H20)*
5% Salicin (0.5 g Salicin to 10 mL in d-H20)

b. Mix flask thoroughly and aseptically dispense into sterile tubes.

c. Store at 2 to 8°C. Final pH =6.8 + 0.2 at 25°C.

*A sorbitol utilization slant media can also be prepared and utilized as described
in Cipriano and Pyle (1985).

C. Cytochrome Oxidase Spot Test
Individual test strips can be purchased from Remel (1-800-255-6730, catalog #38-191),
or can be prepared in the laboratory with the following procedure.

1.

2.

5.

Cut Whatman #1 filter paper into strips and autoclave
Spread filter paper on a glass petri dish.
Put a few drops of oxidase reagent on each strip to saturate it.

Oxidase reagent: Tetramethyl-p-phenylenediamine dihydrochloride (Eastman
Organic Chemicals). Prepare 1% aqueous solution.

Dry completely, then store in brown bottle. Freeze surplus until needed.

D. Decarboxylase Medium Base
A commercially prepared dehydrated basal media (Difco #0872) for use in Lysine and
Ornithine test. The decarboxylase medium base is prepared according to manufacturer’s
recommendations. The basal media, without addition of Lysine or Ornithine, serves as
the control.

I.

L-Lysine Medium
a. Add5 gL-Lysine to 1 liter of prepare basal decarboxylase media.

b. Dispense into tubes. Autoclave at 15 pounds pressure for 15 minutes and allow
tubes to cool.

c. Final pH = 6.8 + 0.2 at 25°C. Store at 2 to 8°C.
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