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FOREWORD

During the mid-1950s, massive and widespread oyster mortalities, particularly in the Delaware
and Chesapeake Bay areas, served as a stimulus to establish a federal oyster mortality study
program. Consequently, Congress appropriated fundsto thethen Bureau of Commercial Fisheries
(BCF) within the U.S. Department of the Interior. These appropriations enabled federal, state,
and academic institutions and laboratories to conduct research and management programs. These
programs, either by contract, interagency agreement, or direct grant, were designed to recognize
and understand symptoms of disease, disease processes, their cause(s), and, furthermore, to
assist in the development of strategiesto prevent or control shellfish mortalities and the spread of
disease agents. At that time, the Annapolis Laboratory of the BCF, under the leadership of James
B. Engle, was housed in an apartment building in Annapolis, MD, and the disease study was
staffed by one biologist, Richard Burton, and two temporary summer technicians. | was one of
thosetechnicians, and started my career with strictly on-the-job training in histological and, | ater,
pathological methods. In 1960, the laboratory was moved to Oxford, MD, wherealarger disease
research and ecology program was initiated.

Little was known at that time about oyster diseases, or even how to go about studying them.
Standard vertebrate methods were used in the beginning, but it soon became obvious that many
techniques needed modification and refinement. Because of the unique nature of invertebrate
tissues and their parasites, protocolswere developed by Dr. Melbourne R. Carriker for the study
of oyster diseasesinindividual specimensand in populations.

Since that time, well over one million sections of oysters and other mollusks, crustaceans, and
fishes have been processed. In this second edition of the manual, new and revised histological
protocols, methodologies, and techniques devel oped through the cooperative efforts of several
laboratory staff and from information published in the scientific literature have been included to
provide amore comprehensive publication. Handwritten laboratory notes, diaries, and methods
collected over the past several decades have been incorporated into this manual by the authors.
Theresultisaworking manual designed and written primarily for technicians, using very practical
approaches and language which are comprehensible for someonejust beginning, yet detailed and
accurate enough to produce professional resultsin the hands of the experienced scientists should
they elect to do the work themselves.

| am proud to have been able to work with the authors. Over the past years, their efforts and
those of the staff of molluscan, crustacean, and fish pathol ogists resulted in the devel opment of
thismanual. | feel that theauthors' diligent efforts, both in the production of excellent histologic
materia and of thismanual, will continueto substantially enhancethefield of invertebrate pathology
worldwide.

C.Austin Farley
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INTRODUCTION

Investigators at the Cooperative Oxford Laboratory (COL) diagnose and study crustaceans,
mollusks, finfish, and a variety of other marine and estuarine invertebrates to assess animal
health. This edition updates the Histological Techniques for Marine Bivalve Mollusks manual
by Howard and Smith (1983) with additional chapters on molluscan and crustacean techniques.
Thenew editionisintended to serve asaguidefor histological processing of shellfish, principally
bivalve mollusks and crustaceans. Basically, the techniques included are applicable for
histopathol ogical preparation of al marine animals, recognizing however that initial necropsy is
uniqueto each species. Photographsand illustrationsare provided for instruction on necropsy of
different species to smplify the processing of tissues. Severa of the procedures described are
adaptations developed by the COL staff. They represent techniques based on principles established
for the histopathol ogic study of mammalian and other vertebrate tissues, but modified for marine
and aquatic invertebrates. Although the manual attempts to provide adequate information on
techniques, it is aso intended to serve as a useful reference source to those interested in the
pathol ogy of marineanimals. General references and recommended reading listed in the back of
the manual will provide histological information on species not addressed in the text.

We chose to address safety as the first chapter to emphasize its importance in the histology
laboratory. Histological technicians are exposed to many toxic, carcinogenic, reactive, and
flammable reagents in the course of their work. Expanding awareness to chemical and
environmental safety isessential. Handling of animalsand processing of tissuesare discussedin
Chapters 2 through 9. These chapters discussthe necropsy and examination of shellfish specimens,
and describe the procedures employed for oysters, clams, mussels, scallops, shellfish larvae, and
blue crabs, from receipt to the point of fixation. Staining methods (Chapter 8) include general
tissue stains, special stains for specific tissue components, stains for frozen sections, and stains
for fresh and fixed blood smears. Variationsin the stain protocolsare givento correlate the pH of
the stains with the fixatives and tissues. Most of the stains also have been successfully used on
tissuesof finfishes. Color platesshowing expected resultsfor special stainsusing protocolsinthis
manual are provided from varioustissues and species. Chapters 10 through 14 detail specialized
techniques for the diagnosis of prominent parasites and diseases found in shellfish. Helpful
information on conversions of metric and English units of measure, laboratory calculations, and
dataentry formsis provided in the Appendix.
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CHAPTER 1. SAFETY

A. Introduction

In recent years, workplace safety has become a primary
issue for employers, with numerous government
regulations enacted to protect employees. Employersand
supervisors who are negligent in enforcing safety and
environmental management issues face stiff penalties.
This chapter is not meant to provide a thorough and
complete discussion of safety and environmental
compliance in the histology laboratory, but to highlight
some recognized practices. For a more in-depth
perspective, consult references on federal, state, and local
government requirements and publications on safety and
environmental compliance. Safety catalogsal so carry many
references on this subject.

Safety cannot be overemphasized in ahistology laboratory
since the many volatile solvents and other hazardous
chemicalsused can affect employee health. Laboratory
supervisorsmust providetraining for the proper operation
of specialized equipment, as well as protocols for the
ordering, storing, safe use, and proper disposal of
chemicals. Technicians who have not had adequate
instruction risk serious injury to themselves and their
coworkers. Safety and environmental refresher training
need to be provided at least annually.

Safety and environmental compliance regulations are
mandated by various federal government agencies and
some states have additional regulations. The U.S.
Department of Labor, Occupational Safety and Health
Administration (OSHA)?isthefederal regulatory agency
that establishes and enforces standards to save lives,
prevent injuries, and protect the health of American
workers. Workplace inspections are another of OSHA's
principal activities. OSHA requires every employer to
“furnish employeeswith aplace of employment whichis
freefrom recognized hazardsthat are causing or likely to
cause death or serious physical harm” (29 CFR 1903.1),
commonly referred to as a safe and healthy workplace.
Facility inspections by trained in-house representatives
also aid in maintaining a safe workplace. In addition,
training films and computer software are available from

1

numerous sources for implementing safety and
environmental compliance programsto meet government
regulations.

Employers are required by the OSHA Hazard
Communication Standard (HAZCOM) to have awritten
program to inform employees of hazards they are
exposed to on the job and how to protect themselves
from those hazards (29 CFR 1910.1200). OSHA
Laboratory Standard 29 CFR 1910.1450 requires all
employers engaged in the laboratory use of hazardous
chemicals to also develop a Chemical Hygiene Plan
(CHP), the purpose of which isto protect all personnel,
including volunteers and contractors, from harm due to
chemical exposureintheworkplace. The Code of Federal
Regulations (CFR) may be downloaded from the U.S.
Government Printing Office (GPO) website®.

TheNationd Ingtitutefor Occupational Safety and Health
(NIOSH)cisthefederal agency responsiblefor conducting
research and making recommendationsfor the prevention
of work-related diseasesandinjuries. Information, training,
resource materials, and guidelines are available from
NIOSH to help with avariety of safety concerns.

Themissionof theU.S. Environmental Protection Agency
(EPA)! is to protect human health and to safeguard the
natural environment—air, water, and land. Itspublication
Environmental Management Guidefor Small Laboratories
(EPA 2000) provides compliance guidance on regulatory
and management i ssues pertinent to ahistology |aboratory.

B. General Safety

Written hazard assessments are needed for each job
activity or work area in the laboratory to identify
associated dangers, establish safe working protocol s, and
determine appropriate personal protective equipment
(PPE) or countermeasures. It isimportant to then train
employeesto safely accomplish their job assignmentsand
enforceworkplace protocols.



Protective equipment useful in a marine histopathology
laboratory include stainless steel mesh gloves® to protect
hands from the hazards of special knives; synthetic
hypoallergenic or thin nitrile gloves to protect against
chemical and biological hazards; and thermal-insulated
glovesfor proceduresinvolving hot substances. Disposable
aprons or lab coats also should be used as necessary.
Chemical goggles are required for eye protection. Pipet
aidssuch asfillers, bulbs, pumps, dispensers, or pipetters
and disposabl e pipets shoul d be provided for working with
contaminating and dangerous chemicals. Pipetting by
mouth isdangerousand never recommended. Procedures
involving hazardous chemicals should beundertakenina
chemical fume hood. Use biological safety hoods or
cabinets to protect against hazards of biological agents
and/or to protect biological culturesfrom contamination.
Laboratories also need to be equipped with emergency
eyewashes and showers, according to the specifications
of theAmerican National StandardsInstitute (ANS| 1998),
and inspected and flushed according to ANSI standards.
In the event of an accident, affected areas such as eyes
and skin must be flushed with water for aminimum of 15
minwith an approved safety device. After proper flushing,
assess the situation and seek appropriate medical
assistance.

Safe operation of equipment such as microtomes is
essential. Locking levers on microtome handwheels
should be kept in working order. Never disable safety
mechanisms.

Gas line hoses to bunsen burners should be routinely
checked. Portablefire extinguishersneed to beinspected
on amonthly basisto ensurethey arein their designated
location and in good condition. An annual inspection of
fire extinguishers by acertified fire equi pment company
isrequired.

C. Chemical Safety and Environmental
Compliance

Regulations imposed by the federal government
emphasize the importance of safety and environmental
compliance in the laboratory. Technicians need to
understand job hazards and employ proper workplace
protection. Safeguards should be taken against the four
routes of exposure to hazardous chemicals—(1)
inhalation, (2) contact with skin or eyes, (3) ingestion,
and (4) injection. Development of and adherence to
sound workplace protocolswill help reduce or eliminate
these exposures.

Many extremely hazardous chemicalsare used in special
staining techniques. Chemicals in original shipping
containers are identified by their hazard characteristics,
such as flammable, corrosive, reactive, and toxic.
Extreme careisneeded with chemicals such asanhydrous
picric acid salts, ether, and dried ammoniacal silver salt
solutions that have specific hazardous characteristics.
Appropriate labeling and chemical storage facilities are
necessary to accommodate the specific hazards of each
chemical. After use, chemical wastes must be disposed
of properly.

Labeling systems have been devised to alert technicians
to the dangers associated with chemical reagents. All
chemicals arrive with manufacturers’ warnings, safety
labels, and Material Safety Data Sheets (MSDSs) that
give extensive information about the chemicals, their
proper use, and disposal. MSDSs must be available to
workers. It isalso recommended that copies of MSDSs
be kept in the laboratory or work areawhere each of the
chemicalsareused. Appropriate M SDSswill berequired
by physiciansif emergency medical attention is needed.
Some websites where M SDSs can be obtained are listed
on page 5.

Chemica sthat are mixed in thelaboratory must be labeled
by name, e.g., Davidson's fixative, and each ingredient
should belisted. Appropriatewarning labels, including the
target organ, of each hazardousingredient must be provided
for newly prepared mixtures. Only one chemical nameis
alowed onachemica container. A common problemoccurs
when employees|eave original |abels on containers, then
reusethe containersafter emptying, washing, and relabdling
them to storeanother chemical. Thisisconsidered double
labeling andisaviolation of federal code.

At the Cooperative Oxford Laboratory (COL), the J.T.
Baker’ labeling system is used. This system has been
found to be particularly useful inlaboratory settings. The
National Fire Protection Association (NFPA) labeling
system which was devised for firefightersin emergency
situationshaslessutility inlaboratories. IntheJ.T. Baker
system, each chemical groupiscolor coded to helpinthe
segregation and storage of compatible chemicals.
According to this system, chemical s should be separated
into acid and base corrosives (white), poisons (blue),
reactive substances (yellow), flammables (red), and
genera storage (green). Chemicalsincompatiblewith other
materialswithin the same color group arefurther separated
by identically colored striped |abels.

There are chemical compatibility charts and computer
programs available, such as the National Oceanic and



Atmospheric Administration (NOAA) Chemical
Reactivity Worksheet (CRW), that inform the technician
if chemicals are compatible. In the preparation of any
mixture, the technician should be knowledgeable of the
dangers associated with those chemicals. The CRW can
be downloaded from a NOAA websites. A hazardous
waste compatibility chart, EPA-600/2-80-076, is also
available from an EPA website".

Chemical fume hoodsareessential to removetoxic vapors
from working environments. They are utilized from the
initial steps of preparing fixatives, solvents, and noxious
reagents through the final steps of coverslipping and
cleaning the stained and dried slides. Hoods are not to
be used for storage. Items stored in hoods change air
flow patterns and reduce efficiency. Fume hoods must
be certified annually to ensurethey arein proper working
order and have adequate face velocity or air flow. They
should be set to maintain aface vel ocity of 100-120 linear
ft/min, depending on the chemicals used. Also, workers
and work spaces need to be monitored for exposure to
hazardouschemicalsat |east annually and morefrequently
if there is reason to suspect chemical exposure. Logs
should be maintained to show compliance.

Theuseand disposal of al chemicalsneed to becarefully
monitored. Chemical inventoriesarerequired by OSHA
and need to be updated annually. Inventoriesshould give
the name, amount, and location of chemicalsinthefacility.
Other information, such as known hazards and EPA
hazardous waste numbers, may be included pertinent to
facility needs. Updated inventories and M SDSs need to
be maintained in each laboratory where chemicals are
used.

Proper chemical disposal isimportant as well as alegal
responsibility. Records should be kept on the generation
of chemical wastesfor disposal and the accumulation start
date (the date container is completely filled). Once a
chemical has been identified as a waste, there are time
constraints, usually 90-180 days, for on-site storage before
disposal by a licensed waste company. Check federal,
state, and county guidelines for local requirements. Be
informed of chemical compatibility before mixing wastes
for disposal. It is best to keep waste streams separate.
However, various solvents usually can be combined as
one waste stream, as can various fixatives. The COL
combines most alcohol-based stains with solvents and
many agueous-based stainswithfixatives. Establishfacility
disposal protocolsin collaboration with the chemica waste
hauler. For disposal of bulk wastes, such asfixativesand
solvents, keep a log to identify concentrations and
guantities of each chemical in the waste stream. Listsof
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chemical wasteslikely will berequired by contractors prior
to waste pickup so they can be aware of any unusual
chemicalsthat may be on hand and thus obtain approval
from the designated waste disposal company. Unknown
chemical wastesarethemost difficult and costly to dispose
of. Clear and proper labeling of chemicalswill eliminate
this problem and improve saf ety.

Employees who manage or ship hazardous wastes are
required to pass a course on U.S. Department of
Transportation (DOT) hazardous materials management
as well as an EPAY course on hazardous waste
management.

Most laboratories have a safety officer or representative
who can help with guidelines for keeping chemicals
properly inventoried and safely stored.

When transporting hazardous materials, follow government
and facility environmental and safety regulations; see
NOAA website.

D. Health Hazards and Chemical Ter minology

Some common health hazards, chemical terminology
associated with the histology laboratory, and related
safety tips have been abstracted from the MSDSs,
Prudent Practices in the Laboratory - Handling and
Disposal of Chemicals (NRC 1995), and Humason’'s
Animal Tissue Techniques (Presnell and Schreibman
1997), and are provided below:

Acidsarehighly reactivewith water. Add acidsslowlyto
water, and work in a fume hood to avoid breathing the
fumes. If acidsareinvolvedin afire, never use water to
extinguish; use a dry chemical or a CO, extinguisher.
Acids have a corrosive action on the skin; immediately
wash affected arearepeatedly with soap and warm water.

Alkalis are also corrosive and must be thoroughly
washed off after contact with skin, preferably first with
aweak acid or vinegar and then by repeated washing
with water. Seek medical attention if eyes are affected.

Allergen is a substance, i.e., a chemical, capable of
inducing allergy or specific hypersensitivity by the
immune system. Individuals may exhibit wide
differences in sensitivity to laboratory chemicals. For
instance, gloves containing latex rubber pose problems
for some and should be avoided.

Alums can cause burns. Wash affected area thoroughly.



Asphyxiants are substances that interfere with the
transport of an adequate supply of oxygen tovital organs
of the body.

Carcinogen is a substance capable of causing cancer.
Many histological stains are now being investigated as
possible carcinogens.

Chromicacid isastrong oxidizer and toxic. It can cause
inflammation and ulcerson the skin. Wash affected area
immediately and thoroughly for at least 15 min. Avoid
inhalation; chemical can cause damageto therespiratory
tract.

Corrosive substances cause destruction of living tissues
by chemical action at the site of contact and can be solid,
liquid, or gaseous.

Ether sarehighly flammable; acan of ether can bereadily
ignited by a spark or open flame. An electrical charge
can occur when pouring ether; ground by keeping the
two containersin contact when pouring, or useagrounding
strap. Quickly cover burning vapors to cut off oxygen.
Keep container tightly closed, and store in arefrigerator
designed for flammable or explosive materials.

Ethylene glycol is very toxic. Avoid breathing vapors;
wash contaminated skin for 15 min. Use propylene
glycol whenever possible.

Explosive is any chemical compound or mechanical
mixture that, when subjected to heat, impact, friction,
detonation, or other suitable initiation, undergoes rapid
change, evolving large volumes of highly heated gases
that exert pressure on surrounding medium.

Flammable substances are those that readily catch fire
and burnintheair; they may be solid, liquid, or gaseous.

Flashpoint is the lowest temperature at which aliquid
has sufficient vapor pressureto form anignitable mixture
with air near the surface of theliquid.

Formaldehyde, used primarily as a fixative, is
recommended to be handled asapotential carcinogen by
NIOSH. Useof achemical fume hood, protective gloves
and clothing, and eyef/face shields are recommended.

I odineis poisonous; avoid contact. Medical attentionis
required if swallowed.

I rritantsare noncorrosive chemicalsthat causereversible
inflammatory effects (swelling and redness) onliving tissue
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by chemical action at the site of contact.

Mercury, frequently used in histopathology labs, is
considered very hazardousand must be disposed of properly.
Efforts should be made to use less hazardous substances.
Replace mercury thermometers with anonhazardous (e.g.,

alcohol) type.

Nitr ocellulose (=parlodion, collodion, celloidin, cellulose
nitrate, pyroxylin) ishighly flammable. Avoidinhaling.

Osmium tetroxide (osmic acid) istoxic; keep away from
skin and eyes, and avoid fume inhalation. Chemical is
extremely damaging to eyes.

Oxalic acid can be absorbed inthe blood to form calcium
oxalate. Wash affected areaimmediately.

Periodic acid is an oxidizing agent and can cause skin
burns. Wash affected area well.

Peroxides are among the most hazardous substances
handled inthe chemical laboratory, and may causeirritation
toskin, eyes, and respiratory tract. They generaly arelow-
powered explosivesthat are sensitiveto shock, sparks, and
other accidental ignition. Keep bottles away from hedt,
and storeinrefrigerator to prolong shelf life.

Picric acid can be explosive. Crystalline form must
aways be kept moist; do not alow it to dry. Chemical
can be purchased as a saturated aqueous solution.

Silver compounds become dangerous when combined
with ammonium. Aging of these solutions or exposure
toair or light can form explosivesilver compounds. Silver
nitride and silver azide may form if alcohol or formalinis
presentinthesolution. Do not storesilver solutions. Some
jurisdictionswill allow unused solutionsto beinactivated
by adding sodium chloride or dilute hydrochloric acid and
discarded. Handle HCI with care.

Toxic effects of chemicalscan occur after single (acute),
intermittent (repeated), or long term, repeated (chronic)
exposure.

Toxicology, the science of poisons, is the study of the
adverse effects of chemicals on living systems.

Xylene and other clearing agents are flammable, should
be stored in flammabl e storage cabinets, and used only in
well-ventilated |aboratories. If contact ismadewith skin,
wash immediately and cleanse thoroughly with soap.
Rewash several times.



E. Safety and Environmental Compliance
Websites

Material Safety Data Sheets (M SDSs) websites:

e Chempliant: www.chempliant.com

e Cornell University: http://msds.pdc.cornell.edu/
msdssrch.asp

 Fisher Scientific: www.fishersci.com

» JT. Baker: www.jtbaker.com

* MSDS online: www.msdsonline.com

» OklahomaState University: www.pp.okstate.
edu/ehg/linkgmsds.htm

* Prevent web.net: http://www.oshweb.com

» SigmaAldrich Chemicals: www.sigma-aldrich.com

* University of Vermont: www.siri.org

* Wheretofind MSDSsontheinternet: www.ilpi.com/
msds/index.html

Other websites;

* Oklahoma State University Environmental Health and
Safety: www.pp.okstate.edu/ehs/index.htm

* Vermont Safety Information Resources, Inc.: http:/
siri.uvm.edu

» YaeUniversity Office of Environmental Compliance:
www.yale.edu/oehs

F  Footnotes

30SHA: www.OSHA .gov

PGPO website: http://www.access.gpo.gov/nara/cfr/
cfr-retrieve.html# pagel

°NIOSH: (800) 356-4674 or www.cdc.gov/niosh/
homepage.html

YEPA: www.epa.gov

*Perfect Fit Glove Co., 85 Inns Bruck Drive, Buffalo,
NY 14227. (800) 876-6374. www.perfectfitglove.com
fJ.T. Baker, 222 Red School Lane, Phillipsburg, NJ
08865. (800) 582-2537. www.jthaker.com

INOAA website:  www.response.restorati on.noaa.gov
"New England Universities Laboratories: http://
www.epa.gov/ProjectX L/nel abs/0480. pdf

'NOAA website: www.easc.noaa.gov/environ/index.html
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CHAPTER 2. HANDLING OF LIVE ANIMALS:
MOLLUSKSAND CRUSTACEANS

A. Introduction

Animals should be collected directly from their natural
habitats and processed assoon aspossible. Alternatively,
they can be obtained from a commercial source such as
aseafood market. Thedisadvantage of thelatter method
isthat the site of origin and date of collection may not
be known (factors which could affect viability and
specimen quality).

Take extreme care to ensure that nonindigenous species
do not contaminate local waters. Quarantine facilities or
separate aquaria need to be used if specimens are to be
heldinwater. Beforedisposal, consderation must begiven
to trestment of animal wastes and aguarium water with
recommended forms of disinfectants such as chlorine,
iodine, or ultraviolet light. Contact government authorities
for specific permit and handling requirements. Investigators
also should consider tolerance of parasites in tissues to
respective disinfectants (Bushek et al. 1997).

If shellfish areto be processed quickly, refrigerated storage
ispreferred. To hold for longer periods, placeanimalsin
aquaria or holding tanks with ambient flow-through or
recircul ated seawater. Specimens survive much better
in a chilled environment at 5-15°C. OQysters
Crassostrea spp. are the hardiest bivalves to transport;
they maintain watertight integrity for periods of morethan
aweek when held dry in arefrigerator. Other oysters
such as Ostrea edulistend to gape, lose mantlefluid, and
hence cannot be held dry aslong. Thisis aso true for
scallops Argopecten or Placopecten, mussels Mytilus,
Gukensia, or Modiolus, and to acertain extent someclams
such as Spisula. Softshell clams Mya arenaria and
Baltic macoma clams Macoma balthica retain their
mantlefluid relatively well but must be handled carefully
to avoid shell fractures.

B. Specimen Collection

Care should betaken during collection to prevent damage
and stress to specimens, which may affect histological

interpretations. While some specimens may be collected
easily by hand, others require the use of dredges, nets,
traps, and mechanica or commercia gear. Most mollusks,
may be transported in open plastic bags on ice after
collection. Speciesthat tend to gape should be placed in
damp towels or seaweed, then bagged and chilled.

1. Oysters

Oysters are most frequently sampled by tonging or by
dredge. At the time of collection, specimens should be
rinsed well and scrubbed to remove sediments and as
much of the epifauna (barnacles, mussels, seasquirts) as
possible. Randomly sdlectindividual swith unbroken shells
or without other obvious signs of damage. Place in a
labeled mesh bag or other ventilated type of container on
“blueice.”

2. Softshell Clams

Softshell clams burrow into sand and mud bottoms, and
extend their siphons into the water for feeding and
respiration. A hydraulic escalator dredge is needed to
collect clams subtidally, and clam forks or hoes are used
todigclamsintertidally. Handle softshell clamscarefully,
as the shells are fragile and easily broken. Chill clams
immediately upon collection; clams may be held briefly
in open plastic bags on ice during transport to a holding
facility.

3. Crabs

Handle crabs with prudence to reduce stress. Bacterial
and viral infections become patent due to stress from
captivity and crowding (Johnson 1976, Messick and
Kennedy 1990).

In the field, protect crabs from the wind and heat by
placing them in a cooler of ice on a layer of burlap
dampened with ambient seawater; avoid looseicewhich



can melt, causing crabsto suffocate in the shallow water
or to become stressed from the drastic salinity difference.

If collecting early juvenile or small species, animals can
be placed in abucket of ambient seawater with abattery-
operated bubbler.

C. Shippinglnstructions

Live animals must be shipped and received in good
physiological condition for optimal tissueanalysis. The
following instructions provide for the shipment of live
shellfish to ensureviable sampleson arrival:

» Pack live shellfish in a well-insulated, waterproof
shipping container beneath alayer of ambient seawater-
soaked burlap, seaweed, or newspaper; place cold
packs on top. Leakproof containers, such as plastic
soda bottles filled with water and frozen, work well
for cold packsif “blueice” isnot available. Careshould
betaken to prevent specimen damage during transport
from repeated shifting of ice, cold pack containers, or
other materials placed in the shipping container.
Mollusks that tend to gape may be wrapped with a
rubberband and placed in seaweed or damp towels
inside plastic bags. For crabs, chill before shipping
during warm months. If animasare placed in ziplock
bags, seals should remain open to avoid possible
suffocation of specimens.  Ship early in the week
(Monday or Tuesday) to avoid arrival during the
weekend period and possible loss of samples
because of improper storage conditions.

* On outside of container, clearly label “LIVE
SPECIMENS, REFRIGERATE BUT DO NOT
FREEZE.

e Email or phone the recipient immediately after a
shipment has been made, indicating where and when
sent, estimated time of arrival, name of carrier, flight
number and, most importantly, the waybill number.

e Ship by overnight air freight (prepaid) directly to
destination.

» Provide background information with each sample,
such as. name of requestor; to whom report should
be sent, including address and phone number; and
pertinent collection data, such astemperature, salinity,
pH, species, origin, history, sampling location, number
of specimensin sample, and date collected.

Fixed tissues may be an alternative to shipping live
specimens. Fix the tissues according to protocols in
Chapter 5, and drain, rinse, and wrap in cheesecloth or
an equivalent material. Insert tissuesinaziplock bag and
seal. Place inside one or more additional bags and sed
to prevent leakage. Then, place package for delivery in
asturdy puncture- and leakproof container.

Many overnight air freight carriershave sandard requirements
for shipping liveor fixed specimens, and should be contacted
for that information. Also, airlineshaverecently tightened
their regulationsfor transporting live animalsand require
packaging inleakproof containers. For further information,
see genera requirements for shipments and packagings
(49 CFR 173), U.S. Government Printing Officewebsite*
and/or theInternational Air Transport Association (IATA)
Dangerous Goods Regulations Manual®.

D. CareHandling,and MaintainingLiveShdlfish

Proper care, handling, and maintenance of animals are
essential to avoid stresswhich, if not properly managed,
may cause tissue artifact and erroneous interpretation of
health. These guidelines easily can be generalized to
include most species. Nonindigenous animals should be
quarantined so that exotic diseases and parasites are not
introduced into local waters.

Short termrefrigeration for holding animalsis preferred.
However, try to maintain enough moisture to prevent
dehydration of tissues.

Holding systems used for experimentation of live
specimens should be large enough to accommodate a
sufficient number of animals. Feed animals regularly
and recreate natural temperature, salinity, and light
conditions to prevent excessive stress on animals
maintained for experimental purposes. Flow-through
tanksfor local shellfish should provide sufficient water
flow to feed the animals for short periods of time. Algal
preparations are commercially available to maintain
bivalve shellfish kept in recirculating tanks.

1. Oysters

Oysters filter such a large quantity of water that a flow-
through system or a self-contained “living stream”® is
recommended to hold samplesfor extended time periods.
Aquaria may be used to hold small animals or small
samples, in which case extra air stones and continual



monitoring may be necessary. A properly conditioned 10-
gd (38-L) aguarium may hold up to 350 oysters (5-20 mm)
for experimental purposes. As the size of animals
increases, the number that can be held in an aquarium
decreases.

Itisimportant to immediatel y remove moribund and dead
shellfish from tanks due to the rapid deterioration of
tissues (Tubiash 1971).

2. Softshell Clams

Clam samplesdestined for histology should be purged to
remove sand and mud that interfere with sectioning of
tissues. Purging for 12-24 hisusually adequate in flow-
through or recirculating aquaria at salinities and
temperatures approximating the collection site. Samples
may then be held in open plastic bagsin arefrigerator 1-2
days until processed. Softshell clams may be held for
extended periods in flow-through systems at water
temperatures below 23°C (McLaughlin et al. 1992).

Softshell clams are extremely sensitive to water quality
and heat stress (Kennedy and Mihursky 1971). Only small
numbers of clams under constant observation should be
held in recirculating or closed aquaria (Tubiash 1971).
Clams survive best when water temperature is held
between 5-12°C.

For clinical studies, softshell clamsmay beeasily labeled.
Gently scrub the shell surface under cold tap water, then
blot with paper towelsand wipewith alcohol todry. Label
the shell with a permanent, solvent-resistant marker and
cover thelabel with clear nail polish. Colored nail polishes
may be used for additional markingson the shell surface.
Nail polish labelslast for several months.

3. Crabs(Messick 1995)

Crabs should be assayed as soon as possible after
collection to reduce physiological changes. If holding
crabs, observe the following guidelines:

» Placecrabsin flowing seawater adjusted towithin*10
ppt salinity of the collection site (Haefner and Garten
1974).

* |If necessary, acclimate crabstolocal sdinity by dowly
increasing or decreasing salinity of holding water until
desired salinity isreached.

» If flowing seawater is unavailable, holding tanks or
aquariafilled with artificial seawater are useful; 20-
gal aquariahold up to 50 early juvenile (5-35mm) or 3
adult (200-260 mm) crabs.

e Crabsheld at lower temperatures (5-15°C) have better
survival rates.

* Recirculating tanks similar to commercial shedding
tanks can hold large numbers of crabs when flow-
through seawater is unavailable (Manthe et al. 1983,
Malone and Manthe 1985, Hochheimer 1986).

 Blue crabs can survive short periods of captivity ina
flow-through tank by feeding on detritusin the water,
especially during cooler months when activity is
diminished. For prolonged captivity, maintenance
feeding is highly recommended for optimal health.

e Crabswill feed on small clams, mussels, other bivalves,
or fish pieces(Laughlin 1982). To prevent cannibalism,
do not hold small and large crabs in the same holding
tank.

E. Footnotes

3GPO website: http://www.gpoaccess.gov/cfr/index.html

®| ATA Dangerous Goods Regulations Manua website:
http://mww.iata.org/dangerousgoods/index

°Frigid Units, Inc., 5072 LewisAve., Toledo, OH 43612.
419.478.4000. www.frigidunits.com
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CHAPTER 3. NECROPSY AND EXAMINATION OF SHELLFISH SPECIMENS

A. Introduction

Shellfishfor histological processing should be sampledin
the field by methods causing minimal, if any, damage to
the specimens. Refrigerate or hold in an aguarium or
flow-through water system at the proper salinity until
processed (see Care, Handling, and Maintaining Live
Shellfish, p. 8). Perform necropsy and fix tissues as
soon as possible after collection to reduce physiological
or postmortem changes.

1. Processing Procedures

* Record field data and history of sample (see Gross
Macroscopic Exam form, p.194)

e Assigncode: location, species, year, and/or project

» Scrub animals to remove fouling organisms

* Drill or notch shells to prepare for histocytology and

allow shellfish to purge shell fragments overnight

* Measure shells:
From bill to hingefor oystersand mussels
Acrossshell, sideto side, for clamsand scallops
Across shell, point to point, for crabs

* Open shéllfish
Pry openbill or hinge and cut adductor muscle (avoid
damaging tissues)

» Record the following:
Gaping bivalves (gapers) that do not close
Weak muscle or loss of muscle adhesion to shell
Lack of mantle reaction (dry)
Any unusual odor or color
Stabbing, cutting, or tearing specimen upon

opening (causing possible acute inflammatory
infiltration of hemocytesto localized areas)

Presence, number, and size of spat

* Record macroscopicinformation (see examples below)

Experience has shown that some conditions are
predictable in samples from certain geographic areas.
Each condition and degree of prevalence have an effect
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on the anima and how the animal has adjusted. Shell
abnormalities, fouling organisms, parasites, gross
abnormalities, predators, and physiologically related
conditions represent only a few of the criteria for
assessing marine shellfish. Examples provided below
represent common conditions that may be found during
examination of specimens. A detailed explanation of each
condition is provided in Figures and Explanations (p.
12). Photographic representations of each of these
conditions are provided at the end of the chapter. Any
observations noted during the macroscopic examination
will aid theinvestigatorsin their analyses.

a. Shell abnormalities

1) Shell checks(Figs. 3-1, 3-2)
2) Mantle recession/retraction (Fig. 3-3)
3) Recovery from mantle recession (Fig. 3-4)
4) Cliona sp. (boring sponge) penetrations, including
estimated degree of infestation (Figs. 3-5a, b, 3-6)
5) Diplothyra smithii (boring clam/oyster piddock)
(Fig. 3-7a, b)
6) Polydora sp. (mud worm) tunnels, including
estimated degree of infestation (Figs. 3-8, 3-9)
7) “Maladie du pied” (Fig. 3-10)
8) Shell and mud blisters (Figs. 3-11, 3-12)
9) Shell pustules (Figs. 3-13, 3-14)
10) Calcareous maformations (Fig. 3-15)
11) Conchiolindeposits(Figs. 3-16, 3-17)
12) Drill egg casesand drill holes (Fig. 3-18a, b)

b. Fouling organisms

1) Barnacles (Fig. 3-19)

2) Mussels(Figs. 3-19, 3-214a)

3) Molgula sp. (sea squirts) (Fig. 3-20)

4) Anemones(Fig. 3-21a, b)

5) Encrusting bryozoaand worm tubes (Fig. 3-22a, b)
6) Crepidulafornicata (slipper shells) (Fig. 3-23)

7) Sponges (Fig. 3-24)



c. Obvious parasites

1) Peacrab Pinnotheres sp. (gill area) (Fig. 3-25)
2) Copepod Mytilicola sp. (gut areq) (Fig. 3-26)
3) Encysted ciliates (gill area) (Fig. 3-27)

d. Physiological indicators

1) Fat, medium, or watery condition (Figs. 3-28, 3-29,
3-30)
2) Pdedigestive diverticulum (Fig. 3-31)
3) Swaollen tissue (edema) (Fig. 3-32)
4) Obviousgonad (Fig. 3-33a, b)
5) Gilllesons.
Gill erosion (Fig. 3-34)
Dirty gills(Fig. 3-35)
6) Color/pigmentations:
Copper - blue-green (Fig. 3-36)
Melanin - black (Fig. 3-37)
Diapedesis- yellow to green (Fig. 3-38)
7) New shell growth (Fig. 3-39)

e. Other grossabnormalities

1) Watery cyst (Fig. 3-40)
2) Abscesses (Fig. 3-41a, b)
3) Pearls(Fig. 3-42a, b)

f. Predators (Galtsoff 1964)

1) Blue crabs Callinectes sapidus (prey on spat
attached to shells) (Fig. 3-43a,b)

2) Mud crabs (prey on spat) (Fig. 3-44)

3) Toadfish Opsanustau (Fig. 3-45)

4) Drills Urosalpinx cinerea (Fig. 3-46)

5) Flatworms Stylochus ellipticus (Fig. 3-47)

6) Starfish Asterias forbes (Fig. 3-48)

7) Conchs and whelks Busycon carica

8) Mud prawns Callianassa sp.

9) Black drum, sting ray, birds, and man

2. Figuresand Explanations

a. Shell abnormalities

1) Shell checks (Figs. 3-1, 3-2)

Shell checks are external anomalies formed in oysters
that survive juvenile oyster disease (JOD). Survivors
produce a distinct ridge or band that correlates with the

size of the oyster at disease onset and is visible in the
shell upon regrowth. Checks are often found with
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conchiolin deposits on the interior of the shell of 10- to
30-mm juveniles during periods of active JOD (Lewiset
a. 1996). A similar abnormality is also seen in larger
shdlfishand may beareflection of growing and husbandry
techniques, spawning, or other conditions that affect
growth patterns.

2) Mantle recession/retraction (Fig. 3-3)

Mantlerecession or retractionisindicated by heavy fouling
of the inside posterior margin of the bottom shell. Itis
caused by prolonged retraction of the mantle from the
“growing” edge of the shell. This condition usually
indicatesasick oyster (Farley 1968).

3) Recovery from mantle recession/retraction (Fig. 3-4)

An indication that an oyster isrecovering from previous
recessive growth (mantlerecession) isthe overlay of new
periostracum on the fouled inner shell margin. “The
periostracum is afilm of organic material (scleroprotein
called conchiolin), secreted by the cellslocated near the
very edge of the mantle . . . the conchiolin appears as
amorphous, viscous and transparent material which
hardens shortly after being deposited” (Galtsoff 1964).

4) Cliona sp. (boring sponge) (Figs. 3-5a, b, 3-6)

According to Galtsoff (1964), “ Small round holes on the
surface of mollusk shells indicate the presence of the
most common animal associated with the oyster, the
boring sponge.” The sponge reaches the oyster tissue
itself only in cases of old, heavy infestation. Usually,
holes made by the spongethat penetrate to theinner shell
surfacearerapidly covered by adeposition of conchiolin.
“However, should the deposition of shell material be
delayed by adverse conditions, the sponge makes direct
contact with the mantle and produces lysis of the
epithelium and underlying connective tissue. Dark
pigmented pustules form exactly opposite the holes in
the shell” (Galtsoff 1964). Heavy infestations of Cliona
boring into shells make valves brittle, often causing shell
breakage upon opening.

5) Diplothyra smithii (oyster piddock) (Fig. 3-7a, b)

Diplothyra smithii is a boring clam found in oyster and
clamshdlsinhighsdinity waters. “ Therangeof distribution
extends from northern Cape Cod (Provincetown, Mass.)
south to the east and west coast of Florida, Louisiana, and
Texas. ...Asthe cavity bored by the clam increases and
approachestheinner shell surface, the oyster protectsitself
by depositing layersof conchialin. .. .” (Galtsoff 1964).



6) Polydora sp. (oyster mud worm) tunnels (Figs. 3-8, 3-9)

“P. websteri invadesthe shell cavity of the oyster, settles
on the inner surface at a right angle to the edge, and
builds a U-shaped mud tube with both orifices external.
The structure is soon covered by a layer of conchialin
deposited by oyster and becomes a semitransparent
blister” (Galtsoff 1964).

7) “Maladiedu pied” (Fig. 3-10)

According to Galtsoff’s (1964) The American Oyster, “The
disease affects the area of the attachment of the adductor
muscle, primarily onthelower concave (Ieft) valve, andin
certain casesthe upper, flat valve. .. .In advanced cases
the muscle becomes detached from the valve and forms
irregular cystsof horny and dightly elastic material. Later
on when the cyst extends beyond the area of the muscle
attachment, the cyst walls become covered with
calcareousshell deposit” (Galtsoff 1964).

8) Shell and mud blisters (Figs. 3-11, 3-12)

Blisters frequently are found on the inside of mollusk
shells near the adductor muscle. “Chambersfound in C.
virginica consist of irregular cavities containing mud or
seawater. Such formations are called blisters. Blisters
can be artificially induced by inserting a foreign object
between the mantle and the shell. They are also caused
by theinvasionof shell cavity by Polydoraor by perforations
of theshell by boring spongesand clams’ (Galtsoff 1964).

9) Shell pustules (Figs. 3-13, 3-14)

Conditionisrelated to haplosporidiosis(MSX). “Oysters
with raised yellow-brown conchiolin deposits on the
nacreoussurfaceof theshell. ...Thesedepositscontained
a creamy yellow fluid which consisted of moribund M.
nelsoni (=Haypl osporidiumnel soni) plasmodia, hemocytes,
and cellular debris. . . .when present it was a reliable
gross indication of the disease” (Farley 1968). Farley
termed a stage of the M SX disease“remission” when the
shell pustules appeared as described above.

10) Calcareous maformations (Fig. 3-15)

Thesemollusk abnormalitiesare pathological. “They are
associated with the disturbance of calcium metabolism
which manifestsitself in an overcal cification of selected
parts of the organism. .. .They fall into two classes: 1)
cysts and calcified cups; and 2) calcified tumors and
pearl-like structures attached to the valve or formed
inside the soft tissues. . . .It isreasonable to assume that
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the described malformations represent a phenomenon
analogous to the over-calcifications of various selected
part of mammals described by Selye (1962) under the
genera term calciphylaxis’ (Galtsoff 1969).

11) Conchiolin deposits (Figs. 3-16, 3-17)

Various diseases cause depositsto present differently. In
JOD, conchiolinouslesionsform ontheinner shell surface
and vary from athin layer to a wall of conchiolin that
encapsulatesthe oyster (Lewis2001). Thedisease MSX
causes the formation of conchiolinous pustules (Farley
1968). Lesions associated with shell repair can result
from shell damage or penetration by various organisms.
Shell blisters also demonstrate another form of
conchiolinous depositsthat generally appear asyellowish-
brownlayersontheinner shell. C.A. Farley and E.J. Lewis
(NOAA, Oxford, MD, pers. commun. 1992) distinguished
between new and old deposits depending on the thickness
and flexibility of the conchiolin.

12) Drill egg casesand/or drill holes(Fig. 3-18a, b)

The presence of oyster drill egg cases are recorded when
attached to oyster shells in a sample since oyster drills
are the most persistent predator of the oyster. The drill
casesaretough greenish leathery capsulesinwhich oyster
drill eggs are deposited. Small symmetrical holes in
molluscan shells can be attributed to the action of oyster
drills or other gastropods.

b. Fouling organisms

Many fouling organisms are seasonal; however, their
abundance directly affectsthe health of the oyster. They
do not penetrate the shell or contact the oyster directly.
They do compete for food and space with an oyster
population, and influence survival of larvaeand juveniles
(Galtsoff 1964, White and Wilson 1996).

1) Barnacles (Fig. 3-19)

Barnaclesare acommon fouling organism on oystersand
other hard substratesinintertidal areasaong thewestern
Atlantic and Gulf coasts. Barnacles competewith oysters
for available space and also ingest oyster larvae (Steinberg
and Kennedy 1979).

2) Mussels (Figs. 3-19, 3-21a)
Common speciesinthemid-Atlantic region of the United

Statesinclude the blue mussel Mytilusedulis, the hooked
mussel |schadium recurvum, and the dark falsemussel



Mytilopsis leucophaeata. The blue mussel grows to
102 mminlength andisfoundinhigh salinity areas. The
shells are smooth with a glossy blue-black or brownish
exterior and alight purpleinterior. These musselshavea
distinct dark muscle scar. Hooked mussel s attach to most
hard surfacesincluding oyster shells. They aregenerally
25-50 mminlengthand adull black to gray ontheexterior
surface, with a purple to rosy brown interior shell color.
Thesurface of the shellsare distinctly ridged and curved.
Dark falsemussels are found in freshwater to 10 ppt
salinity, grow to 20 mm, and attach to hard substrates.
Shells are brown to tan, smooth, and have a shelf under
the hinge (Lippson and Lippson 1997).

3) Molgula sp. (sea squirts) (Fig. 3-20)

Sea squirts or sea grapes Molgula manhattensis are
tunicates found along the entire Atlantic coast of the
United States. They are common in Chesapeake Bay
wherethey grow in dense clusters and have the appearance
of grapes (Lippson and Lippson 1997). “In Chesapeake
Bay, tunicates can be so densely packed that anoxic
conditions can devel op closeto the substrate surface and
kill many spat” (White and Wilson 1996).

4) Anemones (Fig. 3-21a, b)

Two species of anemones are found on oyster shellsin
Chesapeake Bay. The most common is the white
anemone or “flower of the sea,” Diadumene leucolena.
The green-striped anemone Haliplanella luciae is less
common. When disturbed or exposed to air, anemones
withdraw their tentacles into the stalk, leaving a small
inconspicuous jelly-like mass (Lippson and Lippson
1997). Anemonesare predatorsof oyster larvaeand have
been thought to limit oyster populations throughout
Chesapeake Bay (White and Wilson 1996).

5) Encrusting bryozoa and worm tubes (Fig. 3-22a, b)

Bryozoans are often referred to as moss animals since
they have the appearance of brown marine mosses.
Although there are other forms, most bryozoans occur
either asbushy coloniesor cal careousencrustations. “The
bushy types take on various appearances, some looking
like moss, seaweed, or hydroids. The encrustations form
delicate, lacy patterns over amost any hard surface and
grow in geometric shapes, like cobblestone paving. . . ."
(Lippson and Lippson 1997).

A number of worms construct a maze of intricate and
entangling tubes on and around oysters. These range
from the whip mud worm that builds its soft tube from

14

mud to the fragile, narrow, sand grain tubes of the
sandbuilder worm, the leathery tubes of the fan worm,
and the large calcareous tubes of the limy tube worm
(Lippson and Lippson 1997).

6) Crepidula fornicata (slipper shells) (Fig. 3-23)

Slipper shellsareshalow water snailsthat attach to avariety
of shdlfishor hard surfacesin high salinty areas. Shell size
may be 38 mm in length. Crepidula are commonly found
ingroupsand attach to oneanother inacommunal lifestyle.
The exterior of the cup-shaped shells vary from a
somewhat flattened to a high arch form and mimick the
texture of the surface they attach to (Lippson and Lippson
1997). Insomeareas, C. fornicata or C. plana may be the
maost common and abundant of the fouling competitors of
oysters (White and Wilson 1996).

7) Sponges (Fig. 3-24)

“Varioussiliceous sponges are very common members of
the epifauna of oyster bottoms. . . .The red sponge,
Microciona prolifica, isoften found on highly productive
oyster bottoms” (Galtsoff 1964). Sponges can be very
commoninsomeareas, but typically disappear in mid- to
low-salinity waters.

c. Obvious parasites
1) Pinnotheres sp. (gill area) (Fig. 3-25)

Often called pea crabs, these small crustaceans are most
abundant in high salinity waters. Young oyster crabs
Pinnotheres ostreum invade the mantle cavity of oysters
and other bivalve mollusks where they grow to maturity
(White and Wilson 1996). Females become permanent
residents while males have a more free-living existence.
The smaller males (approximately 6 mm) are rarely seen
and dieafter mating (Whiteand Wilson 1996, Lippson and
Lippson 1997). Females (approximately 13 mm) attachto
thesurfaceof gillswherethey feed onfood particlesbrought
in by the oyster and cause harm to the host by gill erosion
andimpaired gill function (Whiteand Wilson 1996, Lippson
and Lippson 1997). Extensivegill damage caused by some
crabs can berapidly regenerated when crabs areremoved,
but impaired gill function causesareatively poor condition
in many infested oysters (Galtsoff 1964).

2) Mytilicola sp. (gut area) (Fig. 3-26)
With the exception of the oyster Crassostrea virginica,

this parasitic copepod is found in the intestinal tract of
bivalves and is easily recognized by its red color and



relatively large size which makes it visible to the naked
eye (Galtsoff 1964, White and Wilson 1996).

3) Encysted ciliates (gill area) (Fig. 3-27)

These ciliates attack oyster gills. “Thediseaseis caused
by a microparasite which has been tentatively placed in
the genus Sphenophrya. The organismisaciliate found
in large cysts (xenomas) on the gill surface of diseased
oysters’ (Anonymous 1965). According to Dr. Eugene
Small (University of Maryland, Department of Zoology,
College Park, MD, pers. commun. 1998), recent
identification by scanning el ectron microscopy hasplaced
thisorganism in the genus Hypocomella.

d. Physiological indicators
1) Fat, medium, or wetery condition (Figs. 3-28, 3-29, 3-30)

Duringtheinitial necropsy, each shellfishisvisually rated
for its gross physiological condition as fat, medium, or
watery . Thisconditionreflectstheoyster’sgeneral health
whichisaffected by itsenvironmenta surroundings, stress,
and seasonal and sexual changes. Fat oysters are firm
and usually fill their shell. The anterior portion is very
rigid when lifted fromthe shell. Often, they are sexually
ripe and exhibit a creamy tan color. Medium oysters
generally are smaller within their shell, flatter, and less
rigid than fat oysters; there is more fluid inside the shell
and their color isbasically tan. Watery oystersare limp,
exhibit agrayish-tan color, and are dlightly translucent.

2) Pale digestive diverticulum (Fig. 3-31)

Oysters from the same location usualy show uniform-
colored digestive diverticula (reddish-brown, greenish-
brown, yellowish-tan, or blackish-brown) sincethey have
been exposed to the same environmental conditions and
food. Occasionally, apaledigestivediverticulum occurs,
andisrecorded. Thepalecolor isoften associated with a
health problem, diagnosed only after histological
examination.

3) Swollen tissue (edema) (Fig. 3-32)

In shellfish, edema is demonstrated by an abnormal
accumulation of fluid in the intercellular tissue spaces
causing swelling. Duringasurvey for parasitedistribution
in Chesapeake Bay oydters, Tubiash et a. (1971) noted
sporadic casesof greatly enlarged and edematouspericardia
“Examination of aseptically aspirated pericardia fluid
showed heavy concentrationsof gram-negative motilerods
which proved morphologically and culturally compatible
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with Vibrio anguillarum, an organism implicated in
diseases of fishesand larval bivalve mollusks. Except for
pericardia enlargement, the animal sappeared to begrosdy
and histologically normal” (Tubiash et al. 1971).

4) Obviousgonad (Fig. 3-33a, b)

Gonadal tissues develop and mature as shellfish prepare
for spawning. The gonad becomes particularly obvious
or ripewith ovaor sperm during spawning. Variouscolors
may be associated with this transition, but the
development of a more creamy coloration would be
typical. Obvious gonad provides a quick determination
on how ripe or ready to spawn the animal might be.

5) Gill lesions (Figs. 3-34, 3-35)

Gillsprovide several important life-sustaining functions,
such asrespiration, water filtration, and food collection;
therefore, itisimportant to notethefollowing irregul arities
that would impact directly on the health of the bivalve:

Gill erosion, often occurring when Pinnotheres are
present. Extensivegill erosion corresponding with high
mortalitiesal so occursfrom gill diseasein Crassostrea
angulata and C. gigas. Signs include presence of
yellow spots to brown discoloration on the gills with
necrosis and degeneration that |eave a perforation or
V-shaped indentation if the [esion occurs on the edge
of thegill (Kinne 1983).

Dirty gills, indicating the state of the (1) direct
environment (currents or turbulence), (2) reduced
adductor muscle function, or (3) heavy Polydora
infestation.

6) Color/pigmentations (Figs. 3-36, 3-37, 3-38)

“Pigmentation may be considered as a certain phase of
excretion. Green oysters of Long Island Sound develop
dark green pigment astheresult of absorption and storage
of copper by the phagocytes. . . .” (Galtsoff 1964).

Other colorations sometimes associated with mollusks
are the result of pigments from the microscopic plants
(algae) they consume. Often, the pink pigmentation of
stored shellfish may be the result of the growth of so-
called pink yeasts or pigmented bacteria (McCormack
1956, Boon 1972, Paparella 1973). Melanin, a black
pigment, is produced by and incorporated into the mantle
tissue (USDI 1970). Visibleyellow to green agregates of
hemocytes may result from anumber of causesincluding
diapedesis, the process whereby whole hemolymph is



expelled from the body by passage across membranous
body surfaces (Cheng 1981).

7) New shell growth (Fig. 3-39)

Thisisdocumented during theinitial necropsy asageneral
physiological indicator. The oyster grows by secreting a
thin layer of periostracum at the valve marginswhich is
pliableand easily broken. Thislayer islater incorporated
into the hard shell by acalcification process. Growthis
influenced by season of the year, health of the animal,
and environmental conditions.

e. Other gross abnormalities

1) Watery cysts in the visceral mass, palp, or mantle
(Fig. 3-40)

“Thecysts, seenin thelive oyster, are large conspicuous
bubble-like cavities generally distended by internal
pressure of accumulated fluid. Sections show these cysts
to contain acentral granular material usually in concentric
layers. .. .Thecyst walls are formed of leucocytic cells
which formthemselvesinto an epithelium similar to that of
the external epithelium of the mantle” (Mackin 1962).

2) Abscesses (Figs. 3-41a, b)

Abscesses are aggregations of hemocytes (blood cells)
associated with necrotic (decaying) host cells. They
frequently involve breakdown of epithelial liningsand may
be surrounded by phagocytic and/or fibrocytic hemocytes
(Bondad-Reantaso et al. 2001).

3) Pearls (Fig. 3-42a, b)

“Inthe case of pearl formation, Boutan (1923) has shown
that calcareous deposits are formed by amoeboid cells
which crawl through the mantle epithelium, while the
latter secretesthe concentric layers of the organic matrix
(conchiolin)” (Galtsoff 1964).

f. Predators (Figs. 3-43, 3-44, 3-45, 3-46, 3-47, 3-48)
“The list of many enemiesthat prey on oystersincludes
crustaceans, flatworms, mollusks, echinoderms, fishes,
birds, and mammals’ (Galtsoff 1964).

B. Processing of Specimens

A random sample of 30 specimens is normally collected
and processed to detect diseases and parasites with a
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10% or greater prevalence in a population (Ossiander
and Wedemeyer 1973). Detection of lower prevalences
requires examination of alarger sample. A tracking code
isassigned for further in-house reference to the sample and
for permanent filing. All pertinent data furnished with the
sample should be included with the code, aong with the
name of the requestor and the date(s) of collection (see
Molluscan Pathology Report, p. 196).

Theinitial stepsemployedin processing molluscan species
areprovided below, with adiscussion on processing oysters
presented in astepwise manner. Separate sectionsfollow
to providefor specia techniquesand processing of clams,
mussels, scallops, shellfish larvae, and blue crabs.

During processing, calipers rather than rulers are
recommended for taking shell measurements. Open
shellfish and cut adductor muscle quickly; the longer it
takesto open the animal thetighter it will closeits shell.
For consistent cross-sections, orient each animal in the
same position prior to cutting tissues. When polymerase
chain reaction (PCR) assays are anticipated, aseptic
methods are required.

1. Oysters (Crassostrea and Ostrea spp.)

Anillugtration of oyster anatomy (Fig. 3-49) isprovided to
orient thetechnician. Bold paralel linesintheillustration
indicate where the cross-section is taken. Figure 3-50
illustrates oyster tissues that will beincluded in a 2- to
5-mm transverse cross-section when taken as instructed.

To begin processing, the oysters are placed in numerical
sequence and scrubbed to remove sediment and fouling
organisms. They are measured from the tip of the right
valve near the hinge to the longest point on the bill, and
their size (mm) isrecorded (Fig. 3-51). Oydtersarethen
opened by inserting an oyster knife between the valves at
the hingearch and twisting to separatethe hinge (Fig. 3-52).
Theadductor muscleissevered asclosetotheright valve as
possible, taking carenot toinjureinternal tissue. Theopened
oysters are then examined (Fig. 3-53) for color, condition
(fat, medium, or watery) (see Figs. 3-28, 3-29, 3-30),
macroparasites, and shell and tissue abnormalities. The
body isremoved from the shell by severing the adductor
muscle ascloseto theleft valve aspossible. Therectum
is excised with scissors (Fig. 3-54) and placed in a
correspondingly coded tube containing thioglycolate
medium for determining the presence of Perkinsus (Ray
1952). Rinse scissors between use. The animal is
washed in clean, filtered ambient or artificial seawater
(seedilutiontable, p. 144) to remove sand and debris. It



isthen placed on a clean No. 14 rubber stopper wherea
cross-section is made with a sharp razor blade (Fig. 3-
55) or a patho knife and blade (available from cat. #
25861-010 and # 25861-012 at VWR?).

Prior to cutting the tissue, lay back the mantle to locate
the palps and gills, then replace the mantle to normal
position. Thefirst transverse cut ismade wherethe palps
and gills meet (see Fig. 3-49). For histological sections,
asecond cut ismade 2-5 mm (depending on fixative used)
toward the adductor muscle side of the initia cut. On
very small specimens, thismay bejust abovethe adductor
muscle. Scissors, razor blade, and stopper used for cutting
should bethoroughly cleansed or flame-sterilized between
oystersto avoid carryover contamination.

A confusing point may be the absence of the crystalline
style. If oysters have not been kept in running seawater,
the stylerarely will be seen during processing. If visible,
remove it since it will harden during fixation and cause
problemswhen sectioning. According to Galtsoff (1964),
“The crystalline style is not a permanent structure. In
oysters removed from the water and left in the air the
style dissolvesin a short time.”

When tissueis also desired for frozen sections, electron
microscopy, or immunohistochemistry, the second cut
will be made 1-2 mm toward the adductor muscle side
of theinitial cut and athird cut made 2-5 mm beyond the
second to obtain asection for histology. Discard the portion
below the last cut from each animal. See Chapter 4 for
cryosection technique or Chapters 5 and 14 for fixing
tissuesfor electron microscopy.

Theanterior portion of tissue containing the pal ps can be
placed in a correspondingly coded, 2-0z screw-top jar
containing ambient seawater and used within 24 h for
fresh sguash examination (many parasites can be
diagnosed by this method). The remaining 2- to 5-mm-
thick cross-sectionwithitsidentifying coded |abel isplaced
in an autopsy tray or tissue cassette (Fig. 3-56). The
tray isimmersed in a petri dish of seawater so the tissue
will not dry out before fixing. When using cassettes,
tissuesmay befixed immediately.

The 1- to 2-mm section of tissue to be used for frozen
sectioning is placed in alabeled petri dish with the just-
cut surface facing up, and is sectioned as described in
Chapter 4.

Aseach animal isprocessed, placetissuesfor histology in
coded autopsy trays or cassettes, theninajar of fixative,
and process as appropriate for the fixative.
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When processing nonindigenous oysters, care must be
taken to avoid contaminating local waters with possible
parasites or diseasesfrom off-siteareas. Werecommend
incinerating, autoclaving, or bleaching shells, equipment,
and wastes associated with non-native species after
processing is complete. When bleaching, adequate
concentration and time must be used to penetrate and
decontaminate tissues. Bushek et al. (1997) have raised
questionson the efficacy of decontaminating with bleach.

When bleeding for histocytological examination,
drill or notch oysters (see Fig. 3-49) the day prior to
processing so the animals may purge any shell, sand, or
mud introduced during drilling. Chapter 10 givescomplete
instructions for bleeding oystersto evaluate the blood—a
quick diagnosisfor the presence of both Haplosporidium
nelsoni (MSX) and Perkinsus marinus (Dermo).

2. Clams (Spisula, Mya, Macoma, Mercenaria,
Arctica spp.)

Hold clams in a chilled environment until ready for
processing. Chilling retardsthe metabolic rateand renders
the clams sluggish and relaxed.

If running ambient seawater tanks are available, local
clams should be placed in tanks to purge the sand and
debrisfromtissues. If the sand has not been successfully
removed beforethe animal isfixed and embedded, it will
beincorporated with thetissue and will present an obvious
problemwhen sectioning. Sand will leave sawtooth nicks
on the knife-edge, and is extremely destructive to the
tissue as well, creating lines and torn ridges throughout
the entire section. Broken chips of shell and pearls can
cause similar problems, so wash the tissue well before
making the cross-section.

Clamscan be successfully opened with relative ease when
theright equipment and techniquesareemployed. Species
and sizevariation will dictate the appropriate technique.

a. Surf clams (Spisula solidissima)

These large clams have an extensive muscular foot that
prevents tight shell closure, and can be easily shucked
with along, sharp, flexible knife such as afillet knife.
Beginning near the anterior adductor muscle, insert the
knife behind the mantle next to the shell and sever the
muscle. Work the knife around the edge of the shell and
cut the posterior adductor muscle. The same manipulation
isused onthe bottom shell. Immersethe claminabucket
of ambient seawater and wash well, since these animals



often contain much sand. Change the water frequently.
b. Softshell clams (Mya arenaria)

Figure 3-57 is provided to orient the technician to the
anatomy of the softshell clam and where a cross-section
isto betaken. Figure 3-58 illustrates tissues that would
be present in across-section following these procedures.
The figure also reflects a modification to include more
gill tissuein the cross-section.

Softshell clamsare measured longitudinally between the
most anterior and posterior portions of the shell (Fig. 3-
59). Useadisposable scalpel when opening thisspecies.
The shells are fragile and brittle, so a light grip is
recommended. Insert the blade along the shell below the
“snout” or siphon (Fig. 3-60). Position the knife just
bel ow the mantle next to the shell, and cut around shell to
thehinge. Gently pry the shell open and cut theremaining
tissue from the shell. The longer it takes to insert the
blade into the clam, the tighter the clam will close its
shell. Therefore, insert the blade and cut the muscle as
quickly aspossible. If clamsareto betested for Perkinsus,
exciseqill, labid palp, or recta tissue (Fig. 3-61) and place
into amarked tube contai ning thioglycolate medium (Fig.
3-62) (McLaughlin and Faisal 1999). Cut off the mantle
and siphon (Fig. 3-63). Wash well before making across-
section. Remove sand and grit by grasping the clam by
thefoot and dipping the body into ambient seawater with
gillshanging downward. Placeclamin palm of hand with
gillsextended toward fingers. Just abovethelabia palps,
with small scissors carefully clip the connective tissue
between the anterior portion of the gillsand the visceral
mass (Fig. 3-64). Lay the clam on a flat surface with
gillsproperly positioned (Fig. 3-65). Continue clipping
posteriorly along the attachment of the gills until
approximately one-half of the gill tissue has been
disconnected, but not completely severed, from the
visceral mass (Fig. 3-66). Once again, grasp the clam’s
foot, dip the body into ambient seawater, and | et the gills
fall forward. Lay the clam on top of a rubber stopper
with gillsoriented anteriorly and make asingle cut through
the mgjor body organs using asharp scalpel (Figs. 3-67).
Remove the crystalline style (Fig. 3-68). Place tissue
section into an embedding cassette with the cut surface
of the body facing down and the gillsrearranged to extend
posteriorly (Fig. 3-69). Clip the upper surface of the
clam tissueif it istoo thick to fit into the cassette. The
artificial orientation of the gillsimproves accessto major
body organs, increases the amount of gill tissue in the
section, and decreases the amount of reproductivetissue.
Place cassette containing tissueinto fixative (Fig. 3-70).
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c. Baltic macoma clams (Macoma balthica)

These clams have paper-thin shells and are frequently
damaged during collection. Disposable scapeds(available
from VWR? cat. # 25053-003) are recommended for
opening these clams. The scalpel can easily be
maneuvered into and around the shell (Fig. 3-71),
separating the tissue (adductor muscles) from the shell
without tissue damage. Wash clamsin ambient seawater
and evaluatefor condition and notable abnormalities (Fig.
3-72. Locate and excise the rectum if thioglycolate
cultures are requested (Figs. 3-73, 3-74). After making
thecut for the cross-section, removethecrysdlinestyle(Fig.
3-75), place tissue cross-section into casstte (Fig. 3-76),
and process as usual .

d. Hard clams (Mercenaria and Arctica spp.)

The gross anatomy of the hard clam, with mantle tissue
removed, is shown in Figure 3-77. The cross-section
taken should include as many major organs as possible
(see Fig. 3-78).

Clams with thick hard shells are the most challenging
bivalves to open. First, measure from side to side (Fig.
3-79). A thin-blade clam knife works best for shucking
hard clams. Holding clam in the palm of hand, use the
broad sharp edge of the clam knife and insert between
the valves near the siphon (Fig. 3-80). Use fingers to
move the knife between the valves and cut the posterior
adductor muscle. Work the knife around the inner edge
of the shell to cut the anterior adductor muscle. Gently
open clam, cut adductor muscles from top shell (Fig.
3-81), and carefully side the knife aong the edge of the
shell to free the attached mantle. Use the same cutting
action on the lower shell to free the clam (Fig. 3-82).
Remove clam from shell and rinse well in ambient
seawater. Evaluate for condition and notable
abnormalities. If testing for Perkinsus (Fig. 3-83), locate
and excisegill, palps, or rectum, then take across-section
approximately 3- to 5-mm thick (Fig. 3-84). For a
successful cut, avery sharp knifeblade or large scalpdl is
needed (change blade frequently). Use a sawing motion
with very light pressure of the blade to avoid displacing
the soft tissue.

Largeclamsaredifficult to cut uniformly. Whenthefirst
cut ismade, the clam retractsthe muscul ar foot so tightly
that it ishard to make astraight, thin, second cut. Thinly
cut tissue sections are emphasi zed because the texture of
the internal clam tissue is so soft that good fixative
penetration isotherwise difficult to accomplish.



The crystaline style in the clam is generally severed as
the cross-section is taken. Remove the style if present,
careful not to damage the surrounding tissue. Depending
ontheclam species, thecrystalline stylemay harden during
the embedment process and cause problems when
sectioning.

3. Mussels (Mytilus spp.)

Mussels from intertidal habitats often contain many
organismswithin the byssusthreads surrounding the shell;
therefore, initial processing begins with a thorough
scrubbing to reduce the likelihood of transferring
contaminating artifactsto tissues.

The gross anatomy of the mussel is shown in Figure 3-
85. Thecross-section taken should include asmany major
organsas possible (see Fig. 3-86). Measure each mussel
from hingeto bill and record length (Fig. 3-87). To open
the mussel, insert a scalpel (Fig. 3-88) into the ventral
byssal cavity, cut posterior adductor muscle, and gently
pry open and cut remaining muscles. Separatethe mantle
from the edge of the shell (Fig. 3-89). Carefully position
the blade behind the mantle next to the shell, and cutina
clockwise motion around the bill to the hinge of the shell.
Return the knife to the byssal cavity and, in the same
fashion, cut to thetop of the shell. The meat conditionis
recorded, along with any pertinent macroscopic
information (Fig. 3-90). Wash the animal in ambient
seawater and cut the byssus just into the byssal cavity
tissue (Fig. 3-91). Themussel isthen placed on arubber
stopper and a cross-section is taken (Fig. 3-92), making
sure all gill and mantletissues arein place before the cut
ismade.

4. Scallops (Argopecten and Placopecten spp.)

Scallops are relatively delicate animals and should be
handled with care prior to processing. Their muscle
systemisweak and easily detachesfromtheshell. They
tend to gape and dehydrate quickly when out of the
water. They are usually collected by dredging, which
leaves them full of sand and grit. Optimum treatment
of these animals would be to immerse them in holding
tanks of ambient seawater cooled to 10-15°C for 24 hto
purge sand from tissues. If thisis not possible, wrap
them in seawater-soaked burlap or seaweed and keep
cool and damp with ambient seawater until processing.

Figure 3-93 illustrates the gross anatomy of the scallop.
If care is taken during processing, the organs seen in
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Figure 3-94 will be included in the cross-section taken
for examination.

Begin processing by measuring the shell from side to
side(Fig. 3-95). Then, openwith ascalpel on either side
of the hinge. Oncethe hingeis*“popped,” the scalpel is
gently slipped into and around the shell to cut the muscle
from the upper shell (Fig. 3-96). After the upper shell is
removed, cut the adductor muscle from the bottom shell
(Fig. 3-97). Excise sensory eyes from the mantle if not
required by the investigator (Fig. 3-98). The eyes can
cause extensive problems and damage to the microtome
knife bladewhen sectioning thetissue. Removethescallop
from its shell, wash thoroughly but carefully, since fine
sand grains stick between the gill filaments (ambient
synthetic seawater is used to wash animals, see p. 144).
Locate and excisetherectumif testing for Perkinsus (Fig.
3-99). When taking the cross-section of the scallop as
shown in Figure 3-100, the gills and mantle can easily
detach from the animal and cause the tissues to orient
incorrectly. For abnormally large specimens, divide the
entire cross-section to fit into tissue cassettes.

5. Shdlfish Larvae

Beforefixation, placetiny larvae in lens paper or in Cell
Safe tissue cassette inserts (available from Mercedes
Medical® cat. # 15-1110) until embedment.

Most larvae are fixed in Davidson's fixative (see p.
61). Theaceticacid aidsindisintegratingtheshell. Since
the dissolved carbonate neutralizes the fixative, change
the fixative frequently to maintain its effectiveness.
Occasiond agitationwill enhancefixation. After theanimals
have beenfixed, wash and placein a10% versenate solution
(disodium ethylene-diaminetetraacetate, EDTA) (Sanders
1972) to complete decalcification of the shells (see
Decalcification, p. 184). Thetimerequired for complete
decalcification will vary with size and species of animal.
Changethe versenate solution daily and check the sample
at that time. Once the endpoint of decalcification is
determined, wash the larvae well and placein 70% ethyl
acohol (ETOH) until embedment. Bivalve larvae are
processed either by hand or mechanically with the tissue
processor. |f the larvae are processed by hand, the
solutionsare pipetted onto and off thelarvae at designated
times, using processing schedules compatible with the
size of theanimals (see p. 71). A vacuum oven isoften
used to speed larval dehydration and paraffininfiltration.
After a 70% ETOH rinse, very small animals can be
stained with alight solution of eosinto aid the technician
invisually tracking them during the embedding process.



Juvenile bivalves, smaller than 40 mm, are generally
shucked with a scalpel. Pry the hinge with a firm but
light pressureto expose the adductor musclewhich, when
cut, will allow inspection of the specimen. Smaller shells
tend to chip when opening; therefore, once shucked, the
animals are completely immersed in ambient seawater
towash away any shell debris. Each animal isplaced into
adivided cassette or encircled by acorrespondingly coded
label, then carefully placed into an autopsy tray for fixation
and later tissueprocessing. Thesevery small animalsmay
also be wrapped in lens paper and placed in coded tissue
cassettes.

6. Blue Crabs (Callinectes sapidus)

Blue crabs have numerous parasites and disease
conditions that are observed through histologic
preparations. The scope of this subject isimmense and
this section can only touch on the subject. A good
reference source is Histology of the Blue Crab,
Callinectes sapidus. A Model for the Decapoda by
Phyllis T. Johnson (1980).

Inafume hood, prepare implements and have containers
of fixativeready for dissection. Itisessential that dissected
tissuesbeplaced immediately in labeled cassettes flooded
with fixative in a petri dish; keep the petri dish covered
during dissection to prevent inhalation of fumes. To
provide adequate penetration of thefixative, tissuesshould
be less than 3-mm thick in at least one dimension.

The gross anatomy of the blue crabisshownin Figure 3-
101. The first step to dissection is to anesthetize the
crab by cooling to around 4°C. Oncethecrabis chilled,
decrease hemolymph flow to tissues by removing asmuch
hemolymph as possible (see Chapter 11). Measure the
crab from point to point and note the sex and maturity
when possible. Cut thedorsal carapaceasshowninFigure
3-102, removing one point as shown in Figure 3-103.
Remove a sample of hepatopancreas from the apex of the
detached point (Fig. 3-103) and placeinfixative. Usinga
probe, carefully sever the muscle attachmentsbetween the
cardiac stomach and exoskeleton, keeping the epidermis
intact. Remove eyestalkswith scissors; makealongitudina
dit in the eyestalk cuticle to alow fixative to penetrate
tissues.

Sever agill (seeFig. 3-104) at the base and placetheentire
gill inthefixative. Removethe heart (seeFig. 3-104) and
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place a portion in the fixative. Epidermis (thin, dark,
pigmented tissue) and associated connectivetissueoverlie
the cardiac stomach. Hemopoietic tissue is the
translucent mass lying on the dorsal surface of the
posterior half of the cardiac stomach (see Fig 3-104).
Next, dissect aportion of the anterior midgut ceca, along
with muscle and aportion of gonad. Removeand discard
the cardiac stomach by carefully separating it from the
esophagus, connective tissue, and muscle attachments.

After removing the cardiac stomach, the exposed brain
(Fig. 3-105) lies centrally located on the anterior face of
the exoskeleton just above the esophagus. Carefully
remove connective tissue overlying the antennal gland
which lieslateroventrally and next to the anterior face of
the exoskeleton below the eyestalks. The organ should
be teased loose and placed whole in fixative.

Hold the crab ventral side up and gently scrape out the
remaining hepatopancreas, ovary, vas deferens, gut, and
connectivetissues. Dissect thethoracic ganglion (Fig. 3-
105) that liesventraly below and dlightly anterior towhere
theheart waslocated. Dissect the posterior midgut cecum,
ahighly coiled masslying dorsally, somewhat to oneside,
and posterior to the main body cavity. Portions of the
bladder will be attached to the hemopoietic tissue,
epidermis, or anterior midgut cecum. Testis and ovary
may be included with the hepatopancreas. Additionally,
the skeletal muscle, connectivetissues, and blood vessels
will be found in association with many of the tissues
and organs.

C. Footnotes

a/WR International, 405 Heron Drive, Bridgeport, NJ
08014. (800) 932-5000. www.vwr.com
®MercedesMedical, Inc., 1435 Tallevasy Road, Sarasota,
FL 34243. (800) 331-2716.
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Figure3-1.

Shell checks (arrows) of JOD-infected
oysters Crassostrea virginica. Left
valve (bottom, curved side of oyster).

Figure 3-2.

Shell checks (arrows) of JOD-infected
oystersC. virginica. Right valve (top, flat
side of oyster).

Figure 3-3.

Oyster C. virginica displaying an active
case of mantle recession/retraction
(arrows).
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Figure 3-4.

Oyster shell of C. virginica showing
recovery from mantle recession/retraction
(arrows). (Specimen courtesy of C.A.
Farley, NOAA, Oxford, MD.)

Figure 3-5a.
Live Cliona sp. infection (arrow) visible
on external shell of oyster C. virginica.

Figure3-5b.
Oyster shell of C. virginica riddled with
live Cliona sp. (arrow).

Figure3-6.
Boring holesin shell of oyster C. virginica
from previousinfection by Cliona sp.
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Figure 3-7a.

Boring clams Diplothyra smithii (arrows)
found on shell of oyster C. virginicafrom
high salinity waters.

Figure 3-7b.
Clams D. smithii removed from shell of
oyster C. virginica.

Figure 3-8.

Oyster C. virginica with Polydora sp.
(mud worm) tunnels on inner surface of
valve (arrow). Lightintensity.

Figure3-9.

Moderateintensity (arrow) of Polydorasp.
(mud worm) tunnelsoninner shell surface
of oyster C. virginica.
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Figure 3-10.

“Maladiedu pied” (arrow) covering much
of muscle scar on inner shell surface of
oyster C. virginica. (Specimen courtesy
of S.V. Otto, Maryland Dept. Natural
Resources, Oxford, MD.)

Figure 3-11.

Blisters (arrow) on inner shell surfaces
of oyster C. virginica. (Specimen
courtesy of C.A. Farley, NOAA, Oxford,
MD.)

Figure 3-12.
Mud blister (arrow) oninner shell surface
under oyster C. virginica.
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Figure 3-13.

Fresh shell pustules (arrows) on inner
valve surfaces of oyster C. virginica.
(Specimen courtesy of S.V. Otto,
Maryland Dept. Natural Resources,

Oxford, MD.)

Figure 3-14.

Dry shell pustules (arrows) oninner valve
surfacesof oyster C. virginica. (Specimen
courtesy of C.A. Farley, NOAA, Oxford,
MD.)

Figure 3-15.

Calcareous malformation (arrow) on
inner shell of oyster C. virginica.
(Specimen courtesy of C.A. Farley,
NOAA, Oxford, MD.)
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Figure 3-16.
Conchiolin deposits (arrows) on inner
valvesurfacesof adult oyster C. virginica.

Figure 3-17.

JOD-infected oysters. Inner shells of
juvenile oysters C. virginica with
characteristic coating of conchiolin
(arrows).

Figure 3-18a.
Drill egg cases (arrow) on shell of oyster
C. virginica.

Figure 3-18b.
Drill holes (arrows) in spat of oyster
C. virginica.
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Figure3-19.
Barnacles and hooked mussels on oyster
C. virginica.

Figure3-20.
Molgula sp. on oyster C. virginica.

Figure3-2la.

Anemones (arrows) and hooked mussels
Ischadium recurvum on shells of oyster
C. virginica as they appear out of the
water.

Figure3-21b.

Undisturbed anemone asit appearsin the
water. (Specimen courtesy of Dr. D.
Meritt, Univ. Maryland Horn Point Lab.,
Cambridge, MD.)
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Figure3-22a.
Encrusting bryozoan (arrows) on shell
of oyster C. virginica.

Figure 3-22b.
Cal careousworm tubes (arrows) encrusting
surface of oyster shell C. virginica.

Figure 3-23.
Slipper shells Crepidula fornicata
(arrows) on shell of oyster C. virginica.

Figure 3-24.
Sponge covering inner shell surface of
dead oyster C. virginica.
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Figure3-25.
Pinnotheres sp. (seeinset) in gill area of
oyster C. virginica.

Figure3-26.
Copepod Mytilicola sp. (seeinset) in gut
(arrow) of clam Macoma balthica.

it

Figure3-27.
Encysted rhynchodid ciliates Hypocomella
. (= Sohenophrya sp.) forming xenomas
(arrow) in gills of oyster C. virginica.
(Photo courtesy of C.A. Farley, NOAA,
Oxford, MD.)
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Figure 3-28.
Physiological condition of oyster C.
virginica. Fat condition.

Figure 3-29.
Physiological condition of oyster C.
virginica. Medium condition.

Figure 3-30.
Physiological condition of oyster C.
virginica. Watery condition.
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Figure 3-31.

Pale digestive diverticulum (left arrow)
compared to normal diverticulum (right
arrow) in cross-section of oyster C.
virginica.

Figure 3-32.
Swollen mantle tissue (edema) of oyster
C. virginica.

Figure 3-33a.
Obvious gonad (arrow) in soft clam Mya
arenaria.

Figure 3-33b.
Obvious gonad in cross-section (arrow)
of oyster C. virginica.
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Figure3-34.

Gill erosion (arrows) inoyster C. virginica,
commonly observed in the presence of
Pinnotheres sp.

Figure3-35.
Dirty gillsin oyster C. virginica.

Figure3-36.

Copper (blue-green pigmentation) in
oyster C. virginica from Stony Brook
Harbor, NY. (Specimen courtesy of K.
McShane, Smithtown, NY.)
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Figure3-37.

Melanin (black) pigmentation in mantle
of oyster C. virginica (left). Oyster on
right shows normal mantle pigmentation.

Figure3-38.
Yellow to green coloration (arrow) dueto
diapedesisin oyster C. virginica.

Figure 3-39.

New growth of shell (arrow) in oyster C.
virginica. Notethat new growthispliable
and easily breaksoff. (Specimen courtesy
of Dr. D. Meritt, Univ. Maryland Horn
Point Lab., Cambridge, MD.)
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Figure 3-40.
Watery cyst (arrow) in oyster C. virginica.

Figure 3-41a.
Abscess (arrow) in mantle of oyster C.
virginica.

Figure3-41b (inset).
Abscess (arrow) on edge of adductor
muscle in oyster C. virginica.

Figure3-42a.
Pearls (arrow) in mantle of mussel
Mytilus edulis.

Figure3-42b.

Pearl (arrow) in mantle of scallop
Argopecten irradians. (Specimen
courtesy of G. Rivara, Cornell Cooperative
Extension, Southold, NY.)
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Figure3-43a.
Blue crab Callinectes sapidus.

Figure 3-43b (inset).
Crab damage to oyster shell resulting in
death of oyster.

Figure3-44.
Mud crab Rhithropanopeus harrisii.
(Photo courtesy of C.A. Farley, NOAA,
Oxford, MD.)

Figure3-45.
Toadfish Opsanus tau. (Photo courtesy
of C.A. Farley, NOAA, Oxford, MD.)
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Figure 3-46.

Oyster drill Urosalpinx cinerea. (Specimen
courtesy of G. Rivara, Cornell Cooperative
Extension, Southold, NY.)

Figure3-47.

Flatworm Stylochus ellipticus (arrow).
(Specimen courtesy of Dr. D. Meritt, Univ.
Maryland Horn Point Lab., Cambridge,
MD.)

Figure 3-48.

Starfish Asterias forbesi on bay scallop
Argopecten irradians. (Specimen
courtesy of G. Rivara, Cornell Cooperative
Extension, Southold, NY.)
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Figure3-49.

Gross anatomy of oyster Crassostrea virginica.

Thin V-shaped linesin top micrograph indicate areato drill or notch for bleeding oyster.
Bold paralel lines show location where cross-section should be taken for histology;

dashed line indicates cut for frozen section.
(IMustration by A.J. Lippson, Bozman, MD.)
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Figure 3-50.
Illustration of cross-section of oyster C. virginica.
Bold paralel linesin Figure 3-49 show location where cross-section was taken.
(Mustration by A.J. Lippson, Bozman, MD.)
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Processing of oyster C. virginica.
Figure 3-51. Measure oyster from hinge on right valveto longest part of bill. Figure3-52. “Pop” hinge and twist to
open. Figure 3-53. Evaluate oyster for condition, parasites, and shell anomalies. Figure 3-54. Laocate rectum for
Perkinsus culture. Figure 3-55. Take cross-section from oyster asindicated in diagram 3-49. Figure 3-56. Cross-

section intissue cassette ready for fixation.
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Figure3-57.
Gross anatomy of soft clam Mya arenaria.
Bold parallel lines show location where cross-section should be taken.
(Mustration by A.J. Lippson, Bozman, MD.)
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Figure3-58.

Illustration of cross-section of soft clam M. arenaria.
Gillsareartificialy oriented away from clam body. Bold parallél linesin

Figure 3-57 show location where cross-section was taken.

(IMustration by A.J. Lippson, Bozman, MD.)
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Processing of soft clam M. arenaria.
Figure 3-59. Measure clam from sideto side. Figure 3-60. Carefully insert knifeto prevent breaking of shell and
cut along edge of shell to open. Cut adductor muscles to remove clam from shell. Evaluate clam for condition,
parasites, and shell anomalies. Figure 3-61. Locate tissues for Perkinsus culture. Figure 3-62. Place tissue into
marked tube containing thioglycolate medium. Figure. 3-63. Cut to remove siphon and mantle tissue from body of
clam. Figure 3-64. Clip connectivetissue between anterior portion of gillsand visceral mass.
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Processing of soft clam M. arenaria (cont.).
Figure 3-65. Place clam on surface with gills properly positioned for cutting. Figure 3-66. Continue clipping gills
posteriorly until approximately one-half of tissue is disconnected. Figure 3-67. Take cross-section from clam as
indicated in diagram 3-57. Figure 3-68. Crystalline styleintissue. Cross-section ready to be placed in tissue cassettes
and fixed. Figure 3-69. Tissue section oriented properly intissue cassette. Figure 3-70. Tissue cassettein fixative.
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Processing of Baltic macoma clam Macoma balthica.
Figure3-71. Carefully insert knifeto prevent breaking of shell. Figure3-72. Cut adductor muscles. Evaluate clam
for condition, parasites, and shell anomalies. Figure3-73. Locaterectum. Figure3-74. Exciserectum for Perkinsus
culture. Figure3-75. Take cross-section of tissue and remove crystalline style. Figure3-76. Cross-sectionintissue
cassette ready for fixation.
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Figure3-77.
Gross anatomy of hard clam Mercenaria mercenaria.
Bold parallel lines show location where cross-section should be taken.
(IMustration by A.J. Lippson, Bozman, MD.)
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Figure3-78.
[llustration of cross-section of hard clam M. mercenaria.
Bold paralel linesin Figure 3-77 show location where cross-section was taken.
(IMustration by A.J. Lippson, Bozman, MD.)
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Processing of hard clam M. mercenaria.
Figure 3-79. Measure clam from side to side. Figure 3-80. Insert knife between valves near siphon.
Figure 3-81. Cut adductor muscles and remove top shell. Figure 3-82. Cut bottom of musclesto remove clam from
shell. Evauate clam for condition, parasites, and shell anomalies. Figure 3-83. Locate rectum for Perkinsus culture.
Figure 3-84. Cross-section from clam asindicated in diagram 3-77. Cross-section ready to be placed in tissue cassette
andfixed.
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Figure3-85.
Gross anatomy of blue mussel Mytilus edulis.
Bold paralléel lines show location where cross-section should be taken.
(IMustration by A.J. Lippson, Bozman, MD.)
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Figure 3-86.
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Ilustration of cross-section of blue mussel M. edulis.
Bold pardlel linesin Figure 3-85 show |ocation where cross-section wastaken.

(Hlustration by A.J. Lippson, Bozman, MD.)



Processing of blue mussel M. edulis.
Figure 3-87. Measure mussel from hinge to longest part of bill. Figure 3-88. Carefully insert knife at ventral
byssal cavity. Figure 3-89. Cut adductor muscles and mantle along edge of shell to open. Figure 3-90. Evauate
mussel for condition, parasites, shell anomalies, and pearls. Figure 3-91. Cut byssal thread from body. Figure 3-92.
Take cross-section from mussel asindicated in Figure 3-85.
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Figure3-93.
Gross anatomy of scallop Argopecten irradians.
Bold parallel lines show location where cross-section should be taken.
(IMustration by A.J. Lippson, Bozman, MD.)
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Figure3-94.
Illustration of cross-section of scallop A. irradians.
Bold paralel linesin Figure 3-93 show location where cross-section was taken.
(INustration by A.J. Lippson, Bozman, MD.)
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Processing of bay scallop A. irradians.
Figure 3-95. Measure scallop from sideto side. Figure 3-96. Insert knife to cut adductor muscle from upper shell.
Figure 3-97. Cut adductor muscle from bottom shell. Figure 3-98. Optional, remove edge of mantle prior to taking
cross-section if sensory eyes are not requested by investigator. Figure 3-99. Locate rectum for Perkinsus culture.
Figure 3-100. Cross-section from scallop as indicated in Figure 3-93. Cross-section ready to be placed in tissue
cassette and fixed.
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Figure3-101.
Gross anatomy of blue crab Callinectes sapidus.
(Modified from Pyle and Cronin 1950.)
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Processing of blue crab Callinectes sapidus.

Figure 3-102. Dorsal carapace. LinesA, B, and C indicate where carapace is to be cut and removed. Figure 3-103.
One lateral spine area has been removed to expose gills (1). Removed portion, resting with spine down, contains
hepatopancreas(2) to be sampled. Figure3-104. Media partsof carapace and epidermis have been removed. Large
cardiac stomach (1) isvisible. Hemopoietic tissuelieson each lateral portion (a). Semitransparent heartisvisible (2).
Intermingled hepatopancreas and testes (3) and gills (4) areaso visible. Figure 3-105. Hepatopancreas, testes, and
vas deferens have been removed, revealing anterodorsal brain (1) and circumesophageal commissures (2). Large
thoracic ganglion (3) lies medioventrally. Its central aperture is visible. Sternal artery passes through aperture.
Connectivetissues have been removed in order to show location of antennal glands (4) which lie against anteroventral
face of exoskeleton.
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CHAPTER 4. CRYOSECTION TECHNIQUE

A. Introduction

Frozen tissue techniques enable a sample to be quickly
examined microscopicdly for obvious parasites or lesions.
Specimens that exhibit suspicious macroscopic signs of
disease, such aspaledigestivediverticula, watery condition,
mantle recession, or other observable abnormalities, may
be selected for frozen sectioning and quick diagnosis.
Cryosections are preferred for RNA/DNA or protein
analyses of fresh tissue specimens.

B. Description of Technique

Thefrozen tissuetechnique presented heremay differ from
methods used with vertebrate tissue primarily by its
simplicity. Liddell (1967) outlined the following frozen
sectioning method useful for most molluscan tissue:

»  When performing the necropsy analyses, take an extra
thin cross-section approximately 2 mm below thepal ps.

* Quick-freeze thetissue, with its appropriate code, to
the object holder which has been chilled to -25°C
(Fig. 4-1a).

» Place object holder disc into microtome chuck inside
cryostat and then align tissue to microtome knife
(Fig. 4-1b).

» Gradually advance the tissue and rough trim until the
full surface of the cross-section isexposed.

e Carefully brush the knife blade and surrounding area
sothat ice chipsor tissueresiduewill not interferewith
the surface of the tissue block.

» Cut the frozen section at 6-8 um (Fig. 4-1c).

* Pick up the tissue section with a clean glass slide or
coverglass(Fig. 4-1d).

57

e The section adheres immediately to the room
temperature glass and meltsinto place.

 Slideisnow ready for staining or frozen storage. Once
sectioned, store at -80°C

If immediateinspection of thetissueisdesired, the section
can be stained for quick diagnosis.

Successful cutting of frozentissue onacryostat or freezing
microtome is accomplished by the same method that is
used onastandard rotary microtome designed for sectioning
paraffin blocks, however, there is a difference in the
consistency of thefrozentissue. Sincemolluscantissueis
soft and very moist, it should be quick-frozen whilefresh.
Before attempting to cut the tissue, the knife should be
sharpened and cleaned, and theknifeand microtomechilled
to -25°C.

Rapid freezing for 1-2 min avoids the formation of ice
crystals and subsequent artifacts that result from ice
crystalsin the tissue. Each tissue type has an optimum
cutting temperature; however, for quick diagnosisof large
samples, cutting tissues at or about -20°C often works
well (Prophet et al. 1992).

Attach thetissuetothe cryodtat stub by freezing with ambient
seawater or an embedding media like OCT? to provide a
stabilizing matrix around thetissue. A 2-mmmatrix border
surrounding thetissuewill support and improvethecutting

qudity.

Disposable blades are of such good quality today that
they are recommended for cryostats and standard
microtomes. To use the blades on older machines,
however, an adapter may be necessary. Hand-honed
knives must be carefully cleaned and dried between use
to prevent dulling and corrosion of the cutting edge.

Adhesivesarerarely necessary to adherefrozen tissueto
glass. However, some fixed tissues that are cut tend to



float off the dides. With the exception of albuminwhich
requires heating, any precoated treatment of slide
adhesives (seepp. 75-76) may be used in theseinstances.

Quick stains recommended for frozen tissues are:
(1) toluidine blue O (TBO,) ina0.5% agueous sol ution,
(2) Harris' hematoxylin and eosin (HHE,) quick version
(Prophet et al. 1992), and (3) oil red O (ORO).

C. Footnote

aFisher Scientific, 3970 Johns Creek Court, Suwanee, GA
30024. (800) 766-7000. www.fishersci.com

D. References

Liddell,V.A. 1967. Frozen-sectiontechniquein shellfish
research. J. Invertebr. Pathol. 9: 283-284.

Prophet, E.B., B. Mills, J.B. Arrington, and L.H. Sobin,
Editors. 1992. Armed Forces Institute of Pathology -
Laboratory Methods in Histotechnology. American
Registry of Pathology, AFIP, Washington, DC. 279 p.

Figure 4-1a

Figure4-1b

= Figure4-1c |
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Figure4-1d

Figure4-1. Frozen tissuetechnique.
Figure4-1a. Codetissueand freeze on object holder. Figure4-1b. Align tissueto
microtome knife. Figure4-1c. Cuttissue. Figure4-1d. Pick up tissueand place
on coverglass. (lllustration by R. Tolley, Cambridge, MD.)



CHAPTER 5. FIXATION

A. Introduction

Tissue fixation preserves cellular detail for examination
by microscopy. Anideal fixativerapidly penetratestissue
to prevent postmortem degeneration, coagulates cell
proteins, hardenstissue so it isnot altered by histological
processes, and protects tissue from shrinkage and other
misleading structural changes.

B. Formulasfor Fixativesand M ethods
The choice of fixative depends on the nature of the tissue,

theinterestsof theinvestigator, the purpose of the study, the
facilities at hand, and the stainsto be used. Fume hoods

Table5-1. Fixativesand applications.

areessential infixative preparation. Inmost cases, a20:1
volume of fixativeto tissueis preferable. Examination of
tissues for ultrastructural and molecular studies require
specificfixatives. Table5-1ligsfixativesand applications
and Table 5-2 lists formulasfor fixatives and methods.

Historically, mercury-based fixatives were common in
certain applications. Current environmental and safety
concerns and cost of proper disposal for hazardous
chemicals, however, have led to mercury substitutes,
many of which do not perform aswell as mercury-based
fixatives. In addition, formaldehyde substitutes are
becoming more common, but may not provide the
appropriate safety nor the quality of fixation for certain
tissues and human pathogens.

Fixatives

Applications

Alcohols, ethanol/methanol

Bouin's

Cytological preps, molecular analyses

Light microscopy, protozoa, glycogenin tissues, fish, cytological preps

Bouin'sfor ciliates
Bouin's/Davidson’s
Davidson's

Davidson’s (stock)
Formalin

Neutral buffered formalin

Glutaraldehyde (2%) and glutaraldehyde
for ciliates (2%)

1% glutaral dehyde/4% formal dehyde
Helly’s (Zenker formalin)
Russell’smodified-Zenker

Z-Fixa

Zenker (base and acetic)

Light microscopy, scanning el ectron microscopy, ciliates, cytological preps
Light microscopy, scanning el ectron microscopy, ciliates, cytological preps
Light microscopy, preferred fixative for marine bivalves, cytological preps
Light microscopy, molecular DNA , laser capture microdissection

Light microscopy, field analyses, fish

Light microscopy, preferred general fixative, cytological preps

Electron microscopy, ciliates

Light and el ectron microscopy, recommended for proteins, cytological preps
Light microscopy, excellent nuclear detail; mercury substitutesrecommended
Mercury substitute, light microscopy, good nuclear detail

Light microscopy, immunohistochemistry, molecular analyses

Light microscopy, preferred for proteins and cytological detail; mercury
substitutes recommended
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Table5-2. Fixativeformulasand methods.

Preparation for
Fixative Fixation time sectioning

Remarks

BOUIN’S(Coolidge and Howard 1979)

Saturated agueous Optimum fixation, 4-18 h  Optimum tissue thickness,
picricacid ..... 75.0ml  (cytological preps, 5-15 5-7 mm. To prepare for
min); room temp.; pH, embedment, washinseverd

37-40% acid. changes of 70% ethyl

formaldehyde. . 25.0ml alcohol (ETOH) toremove

(potential carcinogen) picric acid. Store larger
tissues (if necessary) in

Glacia acetic Bouin's or 70% ETOH.

acid..........50ml Wash cytological prepsin
tap water 5-30 min before
staining.

BOUIN'S FOR CILIATES (Lee et a. 1985)
37-40% formal dehyde Optimum fixation, 1-8 h  Rinsetissuesin 70%ETOH

saturated with picric (cytological preps, 5-15 to remove excess Bouin's
acid......... 45ml  min); room temp; pH, before staining or
(potential carcinogen) acid. embedment. Tofix ciliates,

pipet directly onto didesor
Ambient into scintillation vials.
seawater ........ 4.5 ml Wash cytological prepsin

tap water 5-30 min before
Glacid acetic staining.
acid........... 1.0ml

BOUIN’'S'DAVIDSON’'S (C.A. Farley, NOAA, Oxford, MD, pers. commun. 1995)

Davidson’s Optimum fixation, 1-8 h  Rinsetissuesin 70% ETOH
sock......... 17 pats (cytological preps, 5-15 to remove excess Bouin's
min); refrigerate; pH, acid.  before  staining or
37-40% formaldehyde embedment. Tofix ciliates,
saturated with picric pipet directly onto dlidesor
acid............ 2 parts into scintillation vials.
(potential carcinogen) Wash cytological prepsin
tap water 5-30 min before
Glacid acetic staining.
acid............ 1 part
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Good fixative for glycogen in
tissues, protozoans, or large
whole objects such as fish
eyeballs. Also good for
trichrome stains and special
techniques, e.g., protargol
silver. Not recommended for
staining with azure eosin or
Feulgen reaction. Purchase of
ready-made saturated solutions
of aqueous picric acid is
recommended. Dry picricacid
isexplosive; keep moist.

Specificfor staining ciliateson
filters or separate slides. For
field procedures, use ambient
seawater. When working in
laboratory, use artificial
seawater adjusted to ambient
conditions. Dry picric acid
is explosive; keep moist.

Successful fixativefor ciliates
and xenomeas of ciliates found
ingill tissues.



Table5-2. Fixativeformulasand methods (cont.).

Fixative

Fixation time

Preparation for
sectioning

Remarks

DAVIDSON'’S (Shaw and Battle 1957)

1 gal stock (3600 ml):
Glycerin...... 400.0 ml

37-40%
formaldehyde. .. 800.0ml
(potential carcinogen)

95% ETOH ....12000ml
Filtered ambient

or artificial seawater
(seep. 144)...1200.0 mi

Optimum fixation, 24-48 h
(cytological preps, 5-15
min); refrigerate, 4°C; pH,
acid.

Working solution (10% acetic acid):

Davidson's

stock . ........ 9 parts
Glacid acetic
acid............ 1 part

Optimum tissue thickness,
4-5 mm. To prepare for
embedment, change to
50% ETOH, 2-h minimum;
changeto 70% ETOH, 2-h
minimum. Store tissue (if
necessary) in 70% ETOH
or stock Davidson’swithout
aceticacid. Washcytologica
prepsintapwater 5-30min
before staining.

ETHANOL, 70% (V. Espina, NIH, Bethesda, MD, pers. commun. 2004)

95% ETOH . ...70.0ml

Didtilledwater .. 25.0 ml

Optimumfixation, 4-6 hfor
small biopsy specimens; up
to 24 h for specimensto 3
mm; or 5-15 min for
cytological preps. Place
tissue specimens in 10X
volume of 70% ETOH at
4°C; pH, neutral.

FORMALIN (10% seawater) (Lillie 1965)

37-40%
formadehyde.....10.0 ml
(potential carcinogen)

Filtered ambient
or artificial seawater
(seep. 144)..... 90.0 ml

Optimum fixation, 24-48
h; room temp.; pH, neutral
for best results.

Optimal tissue thickness,
up to 3 mm. Prepare
specimens according to
specific protocols for
molecular studies. Wash
cytological preps in tap
water 5-30 min before
staining.

Optimumtissuethickness,
4-5 mm. To prepare for
embedment, wash 30 min-
4 h, depending on size of
tissue, to remove excess
formalin pigment. Store
tissue in 70% ETOH or
10% formalin.
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Recommended fixative for
general molluscan pathology;
acceptablefor most stains. For
best results, follow order of
ingredients when preparing
stock fixative;, store at room
temp.; shake well before use.
Note: For future DNA
extractions, fix with stock
solution. Acetic acid in
working solutioninterfereswith
DNA recovery.

Add acetic acid to stock
Davidson'simmediately prior
to use. Refrigerate once acetic
acidisaddedtofixative. Acetic
acid aids in disintegration of
small bivalve shells. For
cytological preps, use 1%
glacial acetic acid.

Recommended fixative for
laser capture microdissection
(LCM) and molecular studies.
Tends to make tissues brittle.

Genera fixative, particularly
good for field and cruise work
because of simplicity.

Note: After opening new bottle
of commercia formalin, add a
few marble chips or calcium
carbonate to prevent onset of
acidity.



Table5-2. Fixativeformulasand methods (cont.).

Fixative

Fixation time

Preparation for
sectioning

Remarks

NEUTRAL BUFFERED FORMALIN (NBF) (C.A. Farley, NOAA, Oxford, MD, pers. commun. 1998)
37-40% formaldehyde stock:

Formaldehyde ... 1.0L
(potential carcinogen)

Sodium phosphate
diabase
anhydrous...... 15.0gm

Sodium
hydroxide. .. 0.064 gm

Phenol red
(optional) . ... 0.025 gm

10% NBF working solution:

Stock .......... 1 part

Filtered ambient
or artificial seawater

Optimum fixation, 24-48 h
(cytological preps, 5-15
min); roomtemp.; buffer to
pH 7.4-8.0.

GLUTARALDEHYDE (2%) (Feng et al. 1971)

50%
glutaraldehyde...4.0 ml

Filtered ambient
or artificial seawater
(seep. 144)....96.0 ml

Optimum fixation, 2-24 h;
refrigerate, 4°C; buffer to
physiologica pH of tissues,
typically 7.2-7.4 for
osmoregulating animals
and 8.0-8.4 for non-
osmoregulating marine
invertebrates (see pp.
180-182).

Wash to remove excess
formalin before placing
tissue in 70% ETOH.
Wash cytological prepsin
tap water 5-30 min before
staining.

Do not exceed 1-mmtissue
thickness. To prepare for
embedment, dehydrate as
for plastic embedding
medium. Wash (4 times,
5 min each) in buffered
seawater, pH 7.2-7.4.
Postfix in buffered 1%
osmium textroxide, pH
7.2-7.4.
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General al-purpose fixative.
Phenol red is a quick test for
fixativepH.

Recommended for electron
microscopy (EM). Thicknessof
tissue is key to successful
penetration of fixative.
Osmium tetroxidefumesare
hazardous to eyes, nose, and
throat; useonly in fumehood
and wear proper personal
protective equipment.



Table5-2. Fixativeformulasand methods (cont.).

Fixative

Fixation time

Preparation for
sectioning

Remarks

GLUTARALDEHYDE FOR CILIATES (2%) (Feng et al. 1971)

50%
glutaraldehyde. . .4.0ml

Filtered ambient
or artificial seawater
(seep.144) ... 96.0 ml

Optimumfixation, 1 h.

Tofix, pipet ciliatesdirectly
ontodidesor intoscintillation
vids

If scanning EM is planned,
postfix ciliates in Bouin's
before protargol staining. For
transmission EM, postfix
ciliates in osmium tetroxide.
Osmium tetroxidefumesare
hazardousto eyes, nose, and
throat; useonly in fumehood
and wear proper personal
protective equipment.

1% GLUTARALDEHYDE/4% FORMALDEHY DE (1G4F) (McDowell and Trump 1976)
37-40% buffered for mal dehyde stock:

Formaldehyde ... 5ga
(potential carcinogen)

Na,HPO, (disodium
phosphate) . . 284.0 gm

Phenol red ... 0.5gm

NaOH (sodium
hydroxide) . . ... 1.2gm

1G4F working solution:

37-40% buffered
formaldehyde

stock .. ... .. 120.0 ml
(potential carcinogen)

50%
glutaraldehyde.. 20.0 ml

Tap water . . ..360.0ml
Filtered ambient

or artificial seawater
(seep. 144) ...500.0 ml

Optimum fixation, 24-48 h

(cytologicd preps, 30 miny;
room temp.; pH 7.2-7.4.

For tissues, optimum
thickness, 2-3 mm. Store
tissue in fixative at room
temp. until ready to embed.
Prior to embedment, wash
(approx. 4 h) in ambient
seawater. For ciliatesor cdll
suspensions, preparedouble
strength by combining first
3ingredients. Fix volume/
volume: 1 drop of ciliate
culture to 1 drop of double
strength 1G4F working
solution. Wash cytological
preps in tap water 30-60
min before staining.

63

Good fixative for tissues
viewed by light or EM.
Recommended for fixation of
protein. Storeworking fixative
at 4°C; stablefor 3mo. For
10% buffered formalin, dilute
100 ml of 37-40% buffered
formaldehyde stock with 900
ml of diluent (distilled water or
seawater), depending ontissue
to be fixed.

Note: If not washed well,
fixativewill interferewith Schiff
reaction in periodic acid Schiff
(PAS), malt PAS, and Feulgen
stains. May use aldehyde
blocker (see p. 90).



Table5-2. Fixativeformulasand methods (cont.).

Fixative

Fixation time

Preparation for
sectioning

Remarks

HELLY’S(Zenker formalin) (Coolidge and Howard 1979)

Zenker base....95.0ml

37-40%

formaldehyde. .. 5.0ml
Add just before using
(potential carcinogen)

METHANOL
100% methanal .. 70.0ml

Optimum fixation, 6-18 h;
room temp.; pH, acid.

Optimumfixation, 5-15min

for cytological preps. pH,
neutral.

RUSSELL'SMODIFIED-ZENKER (Russell 1941)

Zinc chloride. . .50.0 ml

Potassium

dichromate... 25.0gm

Sodium sulfate. . 10.0gm

Glacial acetic

acid ......... 50.0 ml
Didilled

water ....... 1000.0 ml
Z-FIX?
Containsformaldehyde,

ionized zinc, buffer, and
proprietary ingredients

Optimum fixation, 6-24

h; room temp.; pH, acid.

Optimum fixation, 6-8 h;
room temp.; pH, acid.

Optimum tissue thickness,
2-4 mm. To prepare for
embedment, wash well in
running water 6-24 h,
depending on thickness of
tissue. Store (if necessary)
in 70% ETOH. When
fixative becomes turbid, it
loses its effectiveness;
discard.

Wash cytological prepsin
tap water 5-30 min before
staining.

Optimum tissuethickness,
2-4 mm. To prepare for
embedment, wash well in
running water 6-24 h,
depending on thickness of
tissue, to prevent precipitate
fromforming.

Optimum tissuethickness,
4-5 mm. To prepare for
embedment, wash in
running water 5-30 min,
depending on thickness of
tissue. Store tissue (if
necessary) in 70% ETOH.
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See instructions for Zenker
base. Remove mercury crystds
before staining.  See Notes on
Fixation (p. 66) to recover
mercury from used fixing
fluid. Mercury-based fixatives
pose environmental and
safety concerns. Use special
caution in handling and
disposing of mercury. Avoid
using metal containers.

Recommended fixativefor fish
blood smears, cytological
preps, and molecular studies.
Tends to make tissues brittle.

Russell’s modified-Zenker
substitutes zinc chloride in
place of mercuric chloride,
eliminating environmental and
safety concernsassociated with
mercury compounds. Results,
particularly nuclear detail, are
not as good as those achieved
with Zenker.

Purchase ready-made; dilute
1:4 beforeuse. Recommended
as a primary fixative for
histology, molecular analyses,
and immunohistochemistry.
Phosphate saltswill precipitate
zinc.



Table5-2. Fixativeformulasand methods (cont.).

Fixative

Fixation time

Preparation for
sectioning

Remarks

ZENKER (base) (Coolidge and Howard 1979)

Mercuric
chloride....... 50.0gm

Potassium
dichromate. ...25.0gm

Sodium
sulfate........ 10.0gm
Didilled
water ....... 1000.0 ml

Optimum fixation, 6-24 h;
room temp.; pH, acid.

ZENKER (acetic) (Coolidge and Howard 1979)

Zenker base. .. 95.0 ml

Aceticacid. . ... 5.0ml
Add just before using

Optimum fixation, 6-18 h;
room temp.; pH, acid.

Optimum tissue thickness,
2-4 mm. To prepare for
embedment, wash well in
running water 6-24 h,
depending on thickness of
tissue. Store tissue (if
necessary) in 70% ETOH.

Optimumtissuethickness,
2-4 mm. To prepare for
embedment, wash well in
running water 6-24 h,
depending on thickness of
tissue. Storetissuein 70%
ETOH.
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Recommended for fixation of
protein; yields exceptional
cytologicdetall. Overfixing dulls
nuclear detail. Removemercury
crystals before staining.

Note: Good mordant for
metachromatic staining. See
Notes on Fixation ( p. 66). See
Russell’s modified-Zenker (p.
64) as possible substitute.
Mercury-based fixatives
pose environmental and
safety concerns. Use special
caution in handling and
disposing of mercury. Avoid
using metal containers.

Recommended as a good
nuclear fixative. Remove
mercury crystals before
staining.

Note: Good mordant for
metachromatic staining. See
Notes on Fixation ( p. 66). See
Russell’s modified-Zenker (p.
64) as possible substitute.
Mercury-based fixatives
pose environmental and
safety concerns. Usespecial
caution in handling and
disposing of mercury. Avoid
using metal containers.



C. Special Note on Seawater

When filtered seawater is not readily available, the
following substitutes are recommended:

Saltwater, using Crystal Sea’:
Approx. 40 gm/L = 30 ppt (hormal saline)
Approx. 20 gm/L = 15 ppt (normal saline)
Approx. 14 gm/L = 8.5 ppt (normal saline)

Note: For best results, check salinity of each batch of
seawater with asalinometer. Theseasaltis hygroscopic
and readily takes on water (see p. 144 for dilution table).

Saltwater BSS (balanced salt solution) (Tripp et al.

1966):
Sodium chloride(NaCl) .......ccccccvevevennenee 23.50 gm/L
Potassium chloride (KCl) ......cooeieiieennnne. 0.67 gm/L

Calcium chloride (CaCl,) (anhydrous) ...... 1.10gm/L
Magnesumchloride(MgCl,) (anhydrous) ........ 2.03gm/L
Magnesumsuifate(MgSO,) (anhydrous) ....... 2.94 gm/L

Sodium bicarbonate (NaHCO,) ................. 0.02 gm/L
Potassium phosphate dibasic (K ,HPO,)

(@NNYArous) ........ccoviereeeineeceeee 0.19 gm/L
GlUCOSE ... 0.50 gm/L
TrehalOSe. ..o 0.50 gm/L
Phenol red........cccoovveeecceieceeee e, 0.05gm/L

To make up 7 ppt seawater, use 7 gm of BSSin 1 L of
tap or distilled water; adjust pH to 7.2 or 7.4 with buffers
(see p. 96).

Note: This formula has been modified by deleting two
sugars. Three percent of BSS solution will make
equivalent of 30 ppt ocean seawater (C. A. Farley,
NOAA, Oxford, MD, pers. commun. 1980).

D. Noteson Fixation

Mercury-based fixatives are used less frequently because
of environmental regulations and disposal costs. Use
mercury fixatives only when necessary. Zenker, Zenker
acetic, and Helly’sare excellent for penetration of tissue,
protein fixation, and preservation of nuclear detail if
fixation times are observed. The mercury must be
removed prior to staining. Where permitted, thefollowing
procedure may be used to recover mercury from spent
fixing fluids containing mercuric chloride, adopted from
Sanders (1972).

» Infumehood: collect fixatives containing mercury.

66

e Add20ml of 13% thioacetamide/L of mercuricchloride
waste. (Thioacetamide stored in a capped glass
container is stable for approximately 1 yr.)

e Mix thoroughly, cap, and allow the solution to stand
for 24 h.

o After 24 h, filter with fluted filter paper. Storeresidue
containing mercuric salt in an appropriate container
until properly disposed. The clear filtrate can be
discarded.

Davidson's fixative is compatible with most stains
recommended in Chapter 8 and penetrates most tissues
within 48 h.

The 1% glutaraldehyde/4% formal dehyde (1GA4F) fixative
issuitablefor conversion of paraffin-embedded tissueto
plastic embedment for usein light and el ectron microscopy
(EM). Penetration is slower and less predictable with
1GA4F (see p. 63); therefore, care should be taken to cut
tissuesthin (2-3 mm) during initial necropsy.

For convenience in shipboard or field situations, 10%
seawater formalin or Bouin's is recommended. No
refrigeration isnecessary and, oncefixed, thetissues can
be held in the fixative until returned to the laboratory.
Bouin’s, however, isnot compatiblewith Feulgen-related
stains.

For molecular profiling (using techniques such asLCM),
fix tissues overnight in a 10X volume of 70% ethanol at
4°C. For best penetration of fixative, tissues should not
be thicker than 3 mm.

E. Problemsand Resolutions

In recent studies, pathogenic organisms have been
cultured from paraffin-embedded tissues fixed in
substitute fixatives (A. Downing, Armed Forces I nstitute
of Pathology, Bethesda, MD, pers. commun. 2001).
Caution should be taken in using some aternatives to
traditional aldehyde-based fixativessinceinferior quality
of fixation as well as potential health risks may occur.
Thesefixativesmay fail to: (1) properly coagulateproteins,
(2) protect against shrinkage that causes distortion, (3)
prevent postmortem changes, (4) penetrate well, and (5)

kill pathogens.

Table 5-3 includes some problems or artifacts resulting
from fixation or inadequate fixation, as well as some
suggestionsfor resolving them.



Table5-3. Fixative problemsand resolutions.

Problem or artifact

Possible causes

Solution, if any

Large irregular black deposits
throughout tissue.

Small black granular pigmentationin
and around blood vessels.

Tissue swells when put in water-
bath.

Tissue too soft; not rigid in paraffin
block.

Mercuric chloride remainsin tissue
fixed with mercury-based solutions.

Formalin pigment from stock
formaldehyde becomes too acidic
(agewill decrease pH of formalin).

Soft tissues are more difficult to
penetrate with fixing agents.

Improper penetration of fixative.
Fixation followed by possible
improper infiltration.
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Wash tissue 6-24 h before processing.
Treat with Lugol’s iodine and 2%
sodium thiosulfate when hydrating prior
tostaining (seep. 89).

Once formalin is opened, add marble
chips periodically to help neutralize
fixative. Wash tissue ¥2-4 h, depending
on size of tissue (Luna 1992).

24 h after initial fixation, immersetissue
infresh fixative and agitate periodically.
Cut tissuesthinly duringinitial necropsy
(Yevich and Barszcz, unpubl. data)®.

For thorough fixation of soft tissue such
as shellfish “gapers,” immerse whole
specimenin fixative of choiceuntil firm,
approx. ¥-1 h. Wash thoroughly;
process as usual. Immerse large
molluscan tissues in fresh fixative after
24-hinitia fixation. Agitate specimens
periodically during day to maximize
fixative penetration. When specimen
has been adequately preserved, wash
well and follow routine embedment
process (Yevich and Barszcz, unpubl.
data)e.
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CHAPTER 6. EMBEDDING

A. Introduction

Embedding is the process of placing tissue in a firm
medium to keep it intact when cutting sections for
histological examination. Embedding of marine animal
tissuesis comparable to that used for humans.

B. General Procedures

There are a variety of tissue processors available. Some
are designed to use autopsy trays or baskets and, others,
reusable tissue cassettes or disposable cassettes. Newer
automatic tissue processors can be programmed from
autopsy through fixation, dehydration, dearing, andinfiltration
into paraffin. Multiple options for processing tissues are
available, including separate processing schedules with
control of vacuum and temperature. Older tissue processors
dart dehydration after tissues have been hand-changed from
fixative through 50% and 70% ethyl acohol (ETOH). If an
automatic processor is not available, each step of
dehydration, clearing, and infiltration can be performed by
hand in afume hood with or without avacuum oven. Time
to complete each step will change depending ontissuesize,
amount of agitation, and whether avacuum is used.

Paraffin with a melting point of 56.6°C is the most
satisfactory product for year-round use and is kept ready
for embedding in a paraffin dispenser. The processing
basket, containing trays of tissues or tissues processed in
disposabl e cassettes, isremoved from thetissue processor
and placed in a paraffin bath. A smaller paraffin bath is
used for ease in handling individual trays of tissues.
Embedding centers are available with built-in paraffin
bathsaswell as cooling units. Commercially made molds
and plastic embedding rings are employed. Moldscome
in all sizesto accommodate tissues; however, tissuestoo
large for standard molds may be embedded utilizing
commercially made cast lead L's and copper plates, and
mounted on fiber blocksfor sectioning. Ringsor cassettes
are labeled with a code corresponding to the tissues to
be embedded. Heated forceps are used for transferring
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tissuesfrom thetray to the mold to prevent cooling of the
paraffin and attachment of the forceps to the tissue.

Prior to embedment, arelease dip (95 ml of 95% ETOH
and 5ml of glycerin) for easein removing difficult blocks
may be used to coat molds. Slowly remove onetray from
the basket or several tissue cassettes and placein a small
paraffin bath. With heated forceps, removeidentification
label from corresponding tissue in the tray. Find the
matching embedding ring and chooseamold of appropriate
size. Tissue cassettes allow the tissues to be transferred
into molds (Fig. 6-1) and the label ed cassette becomesthe
top for each paraffin block. Hold the mold by its handles
with thumb and middlefinger and cover the bottom of the
mold (no more than one-fourth full) with heated paraffin
from the dispenser. With heated forceps, turn the tissue
over and gently squeezeto releaseany trapped air bubbles.
Quickly orient the tissue as desired (Fig. 6-2), place the
embedding ring or cassette onto the base mold with the
correct identification number (Fig. 6-3), and hold in place
with index finger. Fill the mold to the top with paraffin
(Fig. 6-4) and place onto the cooling unit of theembedding
center or into a shallow container of ice water for
approximately 10 min (Fig. 6-5). These steps should be
completed as quickly as possible to prevent the paraffin
from hardening, layering, and entrapping bubbles within
the block. After the block has cooled, use gentle pressure
to remove it from the mold for trimming and sectioning.
Placeblocksinafiling tray (Fig. 6-6) and refrigerate prior
to sectioning. Thisembedding procedureyields perfectly
shaped blocks cast into plastic mounting ringsthat can be
quickly oriented in themicrotomevisefor sectioning.

M ost automatic tissue processors have apurge cyclethat
will clean the paraffin and xylenefrom embedding baskets
and cassettes. If thisisnot an option, the autopsy basket
and trays should be placed in a covered bath of used
xyleneand soaked overnight inside achemica fume hood
to dissolve any attached paraffin. For cleaning, rinseina
50:50 mixture of 100% ETOH and xylene, thenin 100%
ETOH, and place on paper toweling to dry. Trays will
then be ready for use.



C. Infiltration Schedules

The schedules shown in Table 6-1 are recommended for
specifictypesof tissue. Thebest resultsfor dehydration,
clearing, and infiltration are obtained only by alowingthe
tissue adequate exposure time to reagents, combined with
frequent agitation of tissue.

Since molluscan tissues are soft and dense, a maximum
of 5-mm thickness is recommended for complete
infiltration of paraffin. Fresh reagents are used for each
step of embedment to allow for solution evaporation and
carryover. Paraffin baths should be routinely checked to
prevent overheating and breakdown of paraffin.
Temperature of paraffin should not exceed the
recommended range.
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D. Problemsand Resolutions

Table 6-2 describes problems that could result from
incomplete dehydration, clearing, or infiltration during the
embedment process.

E. References

Luna, L.G 1992. Histopathologic Methods and Color
Atlas of Special Stains and Tissue Artifacts. American
Histolabs, Inc., Gaithersburg, MD. 767 p.

Sheehan, D.C. and B.B. Hrapchak. 1973. Theory and
Practice of Histotechnology. C.V. Mosby Co., St. Louis,
MO. 218 p.



Table6-1. Infiltration schedulesfor specifictypesof tissue.

19-h routine schedule from 70% ETOH for
molluscan cross-sections or fish tissue approx. 5-
mm thick

80% ETOH ...t s 1h
15t 95% ETOH ...ttt 2h
o e S = O = 2h
1st 100% ETOH ....oooeieiecee e 2h
2d 100% ETOH ... 2h
3d 100% ETOH ... 1lh
LSEXYIENE e 1h
20XYIENE ... 2h
Paraffin .....ocuee e 2h
=T 1 11 R 2h
Paraffin ....ccevieeei i 2h

4-h schedule (under vacuum) from 70% ETOH for
molluscan and crustacean tissue not to exceed 5-
mm thick

80%0 ETOH ... 5min
1st 95% ETOH ...vevieeeceeceeeee e 10min
2d 95% ETOH ..o 20min
1st 100% ETOH ....oveiieeeeee e 15min
20 100% ETOH ..ot 20min
3d 100% ETOH ... 20min
4th 100% ETOH ... 30min
LSEXYIENE e 15min
20XYIENE ..o 20min
Paraffin c.ceecocceeee e 30min
Paraffin .....ccouveiiee e 20min
Paraffin .....ocoeveeeiecee e 35min

7-h schedule from 70% ETOH for molecular
analyses of tissue not to exceed 3-mm thick and
small tissue such as hand-processed larvae (use
vacuum oven for infiltration of paraffin)

80% ETOH ... ¥%h
1St 95% ETOH ... % h
20 95% ETOH ... % h
1st 100% ETOH ..ot % h
20 100% ETOH ..ottt s 1h
3d 100% ETOH ... h
LSEXYIENE e % h
20XYIENE ... ¥%h
s = 1 Y2h
Paraffin c.oeeee it ¥%h
Paraffin ....ocoveeieecie e 1¥%2h

2-h schedule (under vacuum) from 70% ETOH
for small specimens, such as crustacean organs

S0 = @ = I 5min
1st 95% ETOH ..o 5min
2d 95% ETOH ...coeeveeeeeceeceecee ettt 5min
1st 100% ETOH .....oooveiieeeeceecee e 10min
20 100% ETOH ....ocevveeeeeeeeeeeeeee e 10min
3d 100% ETOH ....ooovievieeeeee e 10min
4th 100% ETOH ... 10min
1SEXYIENE . 10min
20XYIENE ... 10min
Paraffin .....ooeeeeee e 10min
Paraffin .....cooeeeeeeceecee e 20min
Paraffin .....cooeeeeeeeeeee e 15min

For above schedules, hold tissue in fresh paraffin bath until embedment; maximum holding time, 3 h. 1f embedment
cannot be completed within 3 h, allow paraffin to solidify until process can be completed. If ETOH isnot available,
isopropy! acohol in combination with toluene (instead of xylene) may be used for processing tissues.
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TABLE 6-2. Embedment problemsand resolutions.

Problem or artifact

Possible causes

Solution, if any

Tissuepullsapart whilesectioningand
has large empty spaces. Loss of
tissue orientation.

Tissuetoo soft. Block smears rather

than cutting cleanly.

Crumbling or tearing section.

Tissuesmelsof xyleneand is too soft.

Round holesin tissue.

Improper infiltration, dehydration,
clearing, and impregnation (usually
large tissues, whole mollusks, or
Cross-sectionstoo thick).

Soft tissues are not only difficult to
fix, but infiltration takeslonger.

Incompletedehydration, clearing, and/
orinfiltration. Paraffintoo hot during
infiltration and/or embedding.

Too much carryover of xylene;
paraffin has not completely
impregnated tissue.

Air bubbles trapped under tissue
while embedding in paraffin.

72

Largetissues should be processed on
alonger embedment schedule, with
aid of vacuum system (Sheehan and
Hrapchak 1973).

Soft tissues should be cut thin and
processed quickly for complete
fixation. Adequate time should be
allowed for impregnation of paraffin.

Consider sizeandtissuedensity when
processing. Always check paraffin
temp. (Luna 1992, Sheehan and
Hrapchak 1973).

Immersetissuein clean paraffin bath,
agitate, and extend processing time
(Sheehan and Hrapchak 1973).

Once tissue is immersed in paraffin,
roll it over once and orient asdesired;
this should permit air bubbles to
escape. If bubblesremain, melt down
and reembed.



Embedding.
Figure 6-1. Tissues ready to be taken from cassette and placed into mold (foreground) for embedding.
Figure 6-2. Tissues oriented in mold and paraffin dispensed to cover tissues. Figure 6-3. Cassette used in fixation
is placed onto embedding mold. Figure 6-4. Dispense paraffin to finish filling mold. Figure 6-5. Cool paraffin
blocks for easy release from embedding mold. Figure 6-6. Block storage trays used to file embedded specimens.
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CHAPTER 7. SECTIONING

A. Introduction

Successful sectioning of tissuefor histological examination
can only be accomplished with patience and acquired
skill. Sheehan and Hrapchak (1973) in Theory and
Practice of Histotechnology pose four major
requirementsfor producing good histological dides. (1) a
skilled technologist, (2) a sharp microtome knife, (3) a
suitable microtome, and (4) properly prepared material.
Additionally, practice, experience, and knowledge of the
tissues are necessary to learn the art of microtomy.

B. General Procedures

Oncetissuesare embedded and paraffinisfirm, dignblocks
in consecutive order according to their code. Rough cut at
room temperature and precool to 5°C before sectioning (a
warmblock will not sectionproperly). Precoolingwill prevent
blocks from cracking when placed directly in an icebath.
Carefully mount ring or cassettein microtomevise, orienting
tissuegillsor identification number totheright. Sight angling
of the head of the microtome may be necessary to exposeal
of the tissue without cutting the block too thin. Rotate the
block sothat itsbottom surfaceisparalel totheknife-edge.
Since each microtome has a recommended knife anglefor
cutting, adjust microtome for the typeof bladeused. Trim
block until tissueisfully exposed. Set the microtome for
section thickness (typically 5-6 um) and begin cutting
sections. Lift theribbon of paraffin sectionsthat has been
created by cutting with continual, even strokes (Fig. 7-1).
Float the ribbon of sectionson aheated waterbath (Fig. 7-2)
adjusted to atemperature of approximately 42°C. Ribbons
arepreferredtoindividua sectionssincethethicknessof the
cut is more uniform throughout. The waterbath should be
changed after each day’s use, and kept clean and clear of
ar bubblesto avoid histological artifacts.

Before placing tissue on a dlide, and to ensure accurate
identity, scratch the code number of each tissue on the
reverseside of afrosted, coated dide using adiamond pen.
Separate and select the desired tissue section (Fig. 7-3).
Dipthe properly prepared and coded dlide, frosted side up,
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into the waterbath under the best tissue section on the
ribbon (Fig. 7-4). Guidethesectioninto placeonthedide
with asmall camel-hair brush. Gently raisethedidefrom
the water and roll the brush handle along the edge of the
dlideto cut the excess paraffin from each side. For dides
coated with albumin, a brush or probe may be used to
orient thetissue centrally onthedlide. Leaveat |least one-
eighth-inch clearance at the end of the dideto prevent the
coverdip from coming in contact with the groovesin the
storage box. Place the dides in a rack to drain excess
water, theninto adrying oven set at 42°C for approximately
12 h, or until the sections are completely dry.

The waterbath and oven temperature should not exceed
42°C for tissues embedded in paraffin. Melting tissues
on the dides can cause distortion of cellsin the tissue.

Remove the completely dry dlides with affixed tissue
sectionsfromthedrying oven. Placedidesverticalyina
staining holder, frosted end up and facing forward; load
front to back in consecutive numerical order. Thedlides
are now ready for staining.

C. Adhesives

Slide adhesivesare aproduct of choice, depending onthe
type of sectioning planned and the staining procedure
intended. Thisimportant decision can savetimein future
recutting and restaining dueto lost tissuesor poorly stained
tissue sections.

1. Poly-L-Lysine(PLL)

Coating with thissolution electrostatically chargestheglass
dides, resulting in astrong adhesion with theanionic sites
of tissue sections. PLL isrecommended for histological
tissue sectionsaswell asimmunochistochemical procedures.



Procedure:

1) Cleandlidesinacid alcohol*-5min

2) Didtilled water - 3 changes, 6 dipseach

3) Immerseindilute PLL working solution? - 5min

4) Draindidesand dry in adust-free environment - 1
hin 60°C oven, or overnight at room temp. 18-26°C

5) Storedlidesin boxes; use within 2-3 wk

Reagents:

tAciddcohol
70% ETOH (ethanol) ........cccvovvivinieincnne 99.0 ml
Concentrated HCI, sp. gr. .19 ......cccoveveeee. 1.0ml

Handle HCI with care.

2PLL working solution
PLL (0.1% w/vin deionized water) ........ 100.0 ml
Didtilled or deionized water ....................... 900.0 ml
Prepare in plastic container. Warning: Possible
mutagen. Target organs. kidneysand nerves.

Note: PLL availablefrom Sigmafcat. #P8920 or asready-
coated slidesfrom Newcomer Supply® cat. #5010. Store
PLL working solutioninrefrigerator; stablefor 3mo. Using
Sigmaproduct, amaximum of 900 slides/L can be coated
in diluted solution. Before using, bring solution to room
temp.

2. Mayer’sAlbumin (Gray 1954)

Recommended for serial sectionsor tissuesto beremoved
from slides and restained (see pp. 184-185).

Procedure:

In-house preparation (Sanders 1972)

1) Break 1 egg and separate yolk from egg white

2) Cut strands of egg white as fine as possible with
clean sharp scissors

3) Addafew crystals of thymol and cut in egg white
(do not stir; thiswill cause bubbles)

4) Filter through 3 layersof gauze and measure quantity
of eggwhite

5) Mix cut egg white and an equal amount of fresh
glycerin; preparation may berefrigerated until used
or stored in freezer
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Ready-to-use product

1) Placeldropof Mayer’'sabuminfixativeonadide;
egg albumin must bekept refrigerated

2) Placeasecond dideface down onthefirst and dide
the two apart, evenly distributing adhesive on each
dide

3) Continuethinning dbuminwithanew dideuntil avery
light coat of dbuminisevenly distributed ondide

4) Cover and store dlidesin refrigerator until use—no
longer than 1 wk—to prevent fungal contamination

5) Before sectioning, use either heated waterbath or
warming tray at 42°C to activate adhesive quality of
abumin

Note:  Albumin is a good adhesive. Clean waterbath
daily to prevent bacterial growth that can contaminate
dides. Ready-to-useproduct isavailablefrom Newcomer
Supply® cat. # 1058A.

3. Haupt Gelatin

For best results, coated slides should be stained on the
day prepared to avoid bacterial growth.

Procedure (S. Jones, pers. commun. 1999)®:

1) Gelatin- approx. 1 ml

2) Dispense onto waterbath surface (42°C)

3) Completely immersedideintowaterbath and select
tissue

4) Dry dlidesvertically inwarmovenat 56°C - 20 min

Note: Haupt gelatin available from Newcomer Supply®
cat. # 1151A. Clean waterbath daily.

4. Aminoalkysilane

Recommended for ciliate preparations as well as tissue
sectionsfor histology or immunohistochemistry.

Procedure;

1) Cleandlidesinacidalcohol (seePLL, pp. 75-76)

2) Soak didesinaminoalkysilanesolution-2min

3) Rinseindistilled water - 2 changes, 2 min each

4) Draindidesand dry in adust-free environment - 30
min in 57°C oven, or overnight at room temp. 18-
26°C



5) Store dlidesin dust-free box at room temp.; use
within 2-3 wk

Notes:

1) Adhesiveavailableinliquid form (cat. # 1007A) or
asready-coated dides (cat. #5050) from Newcomer
Supply®. Newcomer Supply® suggests 250 ml of
aminoalkysilane should treat 400 dides. Refrigerate
leftover solution; reuse within 2-3 wk; store
separately from unused product.

2) When affixing tissue to slide, position carefully; it
will attach upon contact and be difficult to reposition.
Avoid blisters of trapped water under sections.

3) Toadhereparaffin sectionsand preserve antigenicity,
do not exceed 60°C when drying tissues.

4) Forfrozentissues, alow to dry on coated dide before
fixation.

D. Preparation of Paraffin Tissue Sections

1. Blocks

 Chill blocksin refrigerator prior to sectioning to avoid
thick compressed tissue sections (extreme cold will
crack the paraffin). Keep blocks in an icebath in
numerical sequence when cutting.

» Beforerough trimming thetissue, evenly position the
microtome chuck and adjust the block holder sothat it
isparallel to the knife-edge.

» Position block parallel to the knife-edge. Before
cutting, the block can be trimmed for different slide
requirements (example, serial sections) or for proper
orientation of tissue.

2. Microtome

* Know your microtome; keep it properly lubricated,
adjusted, and serviced for optimal operation. Some
newer microtomes are teflon-coated and work on a
forward-drive system that does not require routine
[ubrication. Check and set knife holder to the angle
recommended by the microtome manufacturer. Tighten
set screwson knife holder and block vise before cutting.
Overtightening the paraffin block may causeit to crack.
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3. Knives

Disposable blades are routinely used. Low profile
disposable bladesfor most soft tissuesare recommended.
The newer microtomes can accommodate both high and
low profile designs. Some microtomes need a blade
holder adapter for disposable knives. The high profile
blades are recommended for cutting hard tissues and
the low profile blades are preferred for soft tissues.
Each areless expensive and are preferred to hand-honed
or reconditioned blades.

Most disposable blades are oil-coated to prevent
corrosion. Beforeusing, carefully immersetheknife blade
in xylene to remove any oil from the cutting edge. This
will keep your waterbath free from oil residue which can
get under the tissue sections and disrupt proper staining.
To best utilize the knife-edge, rough trim samples on the
extreme left edge of the blade. Moveto theright of the
blade for anew and sharper edge, and cut aribbon of 5-
to 6-um sections for the permanent slide.

Tungsten carbide blades are aso available for cutting
extremely hard tissue (e.g., tissuewith bone or eyelenses)
but at thinner increments. These bladesalso need adapters,
since they are thicker than disposable knives and thinner
than traditional microtome knives. Specid instructions
are available on the use of these very expensive knives.

» Hand honing of traditional microtome knives usually
gives great results for cutting tissue sections but can
be very time-consuming. A combination of Ivory and
Lava soaps is recommended on a Belgian honing
stone. Figure 7-7 illustratesthe proper honing action.

e An automatic knife sharpener is satisfactory for
sharpening new or reconditioned knives. B. Coolidge
and R. Howard (Animal Histology Unit, National
Cancer Institute, Bethesda, MD, pers. commun.
1977) suggested the combination of a diamond
abrasive (available from ThermoShandonc cat.
#9992000-9992006) and microsharp lubricating fluid
(available from ThermoShandon® cat. #9992007).
Best results are attained by using only the coarse
setting on the machine.

» Low profiledisposable blades(avail able from Fisherd
cat. #12-634-11) are consistently sharp and do agood
job on most tissues. Harder, more brittle tissues may
need ahigh profileknife. If using older microtomes,
a different adapter may be necessary for both high
and low profile blades.



4. Sectioning
For routine paraffin-embedded tissues:

* Rough trim the entire sample of paraffin blocks until
tissue face is exposed, careful not to cut away too
much tissue.

e Cut routine tissue sections at 5-6 um, selecting the
best section within a ribbon for uniform thickness.
Never takethefirst sectionsafter rough trimming since
they are usually perforated with holes and are not
uniformly cut.

» Cut and transfer tissue ribbons to a waterbath, not
exceeding 42°C. Thesectionsshould bequickly picked
up on slides to reduce the possibility of tissue
breakdown. Clean the waterbath daily to eliminate
albumin buildup and microbia growth in the water.
Filling the waterbath with room temperature water will
reduce the accumulation of air bubblesin the bottom
of the bath when it has heated to 42°C.

» To easily separate sections of the ribbon, ice forceps
prior to selecting individual sections.

* A warming tray set at 42°C is used to dry, adhere, and
flatten serial sections of small or problem tissues that
tend to split or break apart (see two techniques for
special serial sections, pp. 78-79).

For molecular analysesusing laser capture microdissection
(LCM) from paraffin-embedded tissues (avoid cellular
cross-contamination throughout slide preparation):

e Used clean uncoated dides. Clean dl instrumentsand
supplies before sectioning tissue blocks. Clean
microtome between each specimen. Wear new gloves
and use a new disposable blade for each tissue block.

¢ Cool individual blockson cleanice.

e Cut and place section on center of slidein a pool of
sterile or distilled water. Use clean brush or forceps
to manipulate sections.

* Allow sectionsto expand on awarming tray at 42°C.
Drain and placein warming oven at 37-42°C until dry,
approximately 8 h.

* Storedidesinclean containersuntil ready to be stained.
Mayer’s hematoxylin and eosin (MHE) is the stain of
choice.
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a. Tissue for Serial Sections (Fig. 7-5):

Serid sectionsmay berequested to eval uate desired tissues.
Albuminized dides alow manipulation of small tissue
sections, whereasPLL or other eectrostaticaly coated dides
do not.

Procedure;

1) Chill blocks. Hand trim block as close to tissue as
possible. Placeblock pardld to knifeafter trimming
2) Lineup 24- x 60-mm albuminized dideswith frosted
ends, e.g., 10 at atime, and code consecutively. It
is best to use albumin as an adhesive for seria
sections. If immunostains are planned, use
electrodtatically charged dides
3) Cover dlideswith asmall pool of distilled water
4) Using chilled block, trim paraffin to tissue with
microtome and begin saving ribbons
5) Count, then cut, number of sectionsthat will fit under
intended coverdlip; sequentialy lay ribbon ondlide.
Provideinvestigator akey to arrangement of tissues
for evaluating dides
6) Uniformly continue procedurefor number of slides
necessary to cut through tissue
7) Carefully aign ribbon stripsand drain excesswater.
Wipe back of didedry
8) Placesectionsonwarming tray at 42°Cto allow to
flatten. If possible, manipulate sections to line up
evenly
9) Eliminateair bubbles, folds, or rollsby teasing out
with gentle manipulation of two wet brushes
10) Remove dlides from warming tray before sections
develop air bubblesunder tissue
11) Place dlides onto racks, then into oven at 42°C to

dry

Note: For problem tissuesthat tend to split or break apart,
ice block between ribbons. Lay sections in sequence on
black wax-coated waterproof paper (smilar tothat foundin
boxes of photographic paper), and pick up with awet brush
to transfer to consecutive dides. If problems persist, move
to anew cutting edge of the knife and realign block face
before continuing to section.

b. Special Blocks for Serial Sections (Fig. 7-6):

Tofulfill study sliderequestsfor instructional purposes, it
may be necessary to produce a large number of slides
from the same block. Since blocks may be valuable
examples of a specific disease, parasite, or shellfish
condition, cut aminimum of tissue from the block.



Procedure:

1) Coat slideswith PLL or albumin and label desired
number

2) Tape down black wax-coated waterproof paper (see
Note, p. 78) to the counter top. Sections do not
readily stick to thistype of paper

3) Carefully align block in chuck of microtome

4) Lineup didesconsecutively, but not touching. Add
a small pool of water to each slide (avoid
overflowing). Counter surface should be flat for
easy didemanipulation

5) Beginsectioning chilled block. Lay ribbonson paper
in sequential order from bottom to top. Use a
continuous cutting motion so that sections will be
uniforminthickness

6) Separate sections by cutting between each with a
sharp razor blade

7) With a wet brush, lift cut sections and float in
sequence onto coded slides

8) Orienttissueproperly and drainwater from dides

9) Placedlideson warming tray until sections expand
to full size. Warning: For ripe oysters, clams, or
very soft tissues, reduce time on warming tray.
Breaskdown of soft tissues may occur after lengthy
exposureto heat

10) Place dlides onto racks and into oven at 42°C to

dry

E. Problemsand Resolutions

Technicians often will encounter problems when
sectioning tissues. The ability to recognize the source of
thedifficulty and to remedy the causeisimportant. A list
of problems, causes, and solutionsisshownin Table 7-1.
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F. Footnotes

aSigma, PO. Box 14508, St. Louis, MO 63178-9916. (800)
325-3010. www.sigma-aldrich.com

®Newcomer Supply, 2217b Parview Road, Middleton, WI
53562. (800) 383-7799. www.newcomersupply.com
°ThermoShandon, 171 Industry Drive, Pittsburgh, PA
15275. (800) 245-6212. www.thermoshandon.com
dFisher Scientific, 3970 Johns Creek Court, Suwanee,
GA 30024. (800) 766-7000. www.fishersci.com
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Table 7-1. Sectioning problems and resolutions.

Problem or artifact

Possible causes

Solution, if any

Grooves through tissue; tissue torn
and separated.

Grooves through tissue, continuing
from one block to another.

Entire section splits, including
paraffin matrix.

Tissue rubbed, smudged, pulled apart
or too thick.

Compression (tissue section noticeably
smaller than block).

Shearing (horizontal parallel foldsin
tissue sections).

Tissue has raised round areas.

Foldsintissue.

Moth-eaten appearance.

Tissue separates quickly on surface
of waterbath.

Sand, shell, or miscellaneous debris
leftintissueprior tofixation. Sources
include: scallops—sensory eyes,
mussels—byssus; clams—crystalline
style; and various bivaves—pearls.
Knivesneed reconditioning.

Nick in knife blade.

Dirty knife. Nickinknifeblade. Lint,
hair, or other debris.

Dirty knife; back probably coated
with paraffin.

Block too warm. Section too thin.
Knife angle too close to vertical.
Dull knife.

Dull knife or wrong knife angle.

Air bubbles trapped under tissue.

Dense tissue compresses less than
surrounding paraffin.

Sectionstaken from rough cut tissue
instead of a smooth block face.

Waterbath too hot, breaking down
paraffin and tissue. Tissue may not
be properly infiltrated.
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Inspect tissue before cutting cross-
section. Check knivesunder dissecting
scope for damage after sectioning
problemtissue. Usedisposableblades
for problem tissue.

Moveto new areaof knife; resharpen.
If not removed by sharpening,
recondition knives (Luna1992).

Carefully clean back and front of
knife; move to another area of knife
or resharpen knife (Luna 1992).

Clean back of knife after rough
trimming of each block.

Sharpen knife. Strive to have tissue
section comparablein sizeto exposed
tissue in block. Keep block chilled
before sectioning (Luna1992).

Sharpen knife. Check angleof knife.

Waterbath should be bubble-free.
Gently lay ribbon in bath to avoid
formation of large bubbles or folds.
If bubbles form, gently tease from
tissue area by brush manipulation
(Gray 1954).

Carefully break paraffin edge to
tissue to accommodate stretching of
tissue to full size (Presnell and
Schreibman 1997).

Take several 6-um sections after
rough trimming of block to avoid
problem. Select tissue in middle of
ribbon (Lunal992).

Maintain 42°C temp. in waterbath.
Quickly transfer tissue to slide.



Table 7-1. Sectioning problems and resolutions (cont.).

Problem or artifact

Possible causes

Solution, if any

Sections aternately thick and thin,
usually with compression of thin
sections.

Sections lift from knife on upstroke
of microtome.

Block liftsribbon.

Tissuewithrowsof round raised aress.

Tissue looks distorted. Paraffin and

tissue appear melted.

Ribbon curved.

Sections distorted.

Sections bulge in middle.

Set screws are loose on knife holder
or block isnot tight. Block of tissue
is too hard or tilt of knife is
insufficient to clear base. Block is
toolargeor toowarm. Knifeadapter
may need adjustment.

Knifeangletoo vertical. Dull or dirty
knife.

Ribbon charged by static electricity
(check by testing adherenceto other
surfaces). No clearance angle. Wax
fragments on upper edge of block.
Wax fragments on edge of knife
(either front or back).

Shearing when section is put on
waterbath or warming tray.

Waterbath, warming tray, or slide
oven too hot.

Edges of block not parallel to knife.
Knife not uniformly sharp, causing
more compression on one side of
block than other.

Blunt knife. Ribbon too stretched
when placed on waterbath. Tissue
not properly fixed before embedding.

Paraffin cool in center, periphery
warm. Knife not uniformly sharp.
Tissue may be too hard for paraffin
embedment. Some clearing agent
remainsintissue.
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Check microtome before cutting.
Adjust angle. Cool block for at least
% h before sectioning (Gray 1954,
Sheehan and Hrapchak 1973, Luna
1992). Change knife adapter.

Check knife angle. Sharpen knife
(Sheehan and Hrapchak 1973).

Increase room humidity. Adjust
clearance angle of knife. Scrape
under surface of block with safety
razor blade. Clean knifewith xylene
(Gray 1954).

Avoid selecting sectionswith shearing
lines that extend into tissue.

Routinely check paraffin temp.
before tissue sample is processed.
Maintainwarming tray and waterbath
temp. at 42°C.

Evenly trim block. Use another
portion of knife-edge or resharpen
knife. Let block cool (Gray 1954,
Sheehan and Hrapchak 1973).

Usesuitable knife. Handleribbonsin
short lengths; lay down gently. Use
more suitable fixative or fix longer.
Take extra care in dehydrating,
clearing, and embedding (Gray 1954).

Let block cool evenly inicebath. Use
another portion of knife-edge or
resharpen knife. Reembed tissuein
appropriate mediaor melt paraffinto
remove excess clearing agent (Gray
1954).



Table 7-1. Sectioning problems and resolutions (cont.).

Problem or artifact

Possible causes

Solution, if any

Tissue breaks away from paraffin or
is shattered by knife.

No ribbon forms because paraffin
crumbles. Sections, though
individually perfect, do not adhere; or
sectionsroll into cylinders.

Sectionsappear wrinkled.

Distortion or imperfection of tissue
section; chatter.

Sectionsattracted to microtome parts
or curl around brush uncontrollably.

Hard tissues chatter and do not
section flat.

If tissue appears chalky and shatters
under knife, it is not impregnated
with paraffin. If tissue shattersunder
knife, but isnot chalky, itistoo hard
for paraffin sectioning. If tissue
pulls away from paraffin, but does
not shatter, the wrong dehydrant,
clearing agent, or paraffin has been
used.

Paraffin contaminated with clearing
agent. Knife angle wrong. Dull or
dirty knife. Block too warm.

Knifetoo blunt for cutting. Waterbath
too hot for flattening tissues, fusing
foldsin sections.

Occurs frequently with very ripe
oyster tissues. Gonadsare soft tissue
and, therefore, difficult to infiltrate.

Static electricity may be a problem
in dry and cool weather conditions.

Soft and hard tissues in same block.
Blood in tissues.
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Discard block and start again. |If
tissueisirreplaceable, try dissolving
paraffin, redehydrating, reclearing,
and reembedding. Avoid xylenein
clearing muscle tissue (Gray 1954).

Reembed tissue.

Note: Paraffin readily absorbs
hydrocarbon vapors (Gray 1954). If
section is cut very slowly, and edge
of section is held flat with a brush,
ribbonsmay sometimesform. Adjust
knifeangle.

Prevent by sharpening or replacing
knife, and cut new sections. Control
waterbath temp. used for flattening
tissues. Clean dlide so water flows
uniformly over it.

Allow block to warm to room temp.
and beginanew ribbon. Knifeshould
be sharp and tight in holder.

Useroom humidifier and two brushes
while sectioning to control ribbons
taken from microtometo beplacedin
waterbath.

Soak tissuesindilutedetergent solution
or low concentration of ammonia
water to soften. For bone or cartilage,
soak in50%water and glycerinor 10%
versenate(seep. 184). Rechill and cut.
Note: Do not oversoak tissues; they
will swell and disintegrate when
placed in waterbath, fal off during
staining, and distort pathology.



Sectioning.
Figure7-1. Cut ribbon of tissuefrom chilled paraffin block. Figure7-2. Lay tissue sections onto heated waterbath.
Figure 7-3. Separate paraffin sectionsto select desired tissue section. Figur e 7-4. Direct chosen section onto coded
dide (frosted side up). Figure 7-5. Serial sectionsof tissueson dlides. Figure 7-6. Lay ribbon of serial sectionson
black wax-coated waterproof paper (foreground). Separate sectionswith razor blade and place onto slideflooded with
water (background).
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Figure7-7. Action used in hand honingknifeblades. (Illustration by R. Tolley, Cambridge, MD.)



CHAPTER 8. STAINING

A. Introduction

Staining istheartificial coloration of histological tissues
to allow for the examination of condition, parasites, and
disease. Methods, generd tissue stains, and avariety of
specia stains for the demonstration of specific tissue
elements are described. A fume hood and personal
protective equipment (PPE) are essentia inthepreparation
of chemicalsand staining of dides. Footnotesand pertinent
referencesfor each stain appear on pages 125-126. Color
plates of selected stains are included at the end of the
chapter to show expected staining resultson marinetissues.

Table8-1. Synopticlisting of stains.

B. Methods and Use

Each stain description includes the principal reference,
staining procedure, results, necessary reagents, and
additional information presented as “Notes.” Table 8-1
givesasynopticlisting of these stains, keyed tothe pageson
which their descriptions occur, and Table 8-2 provides a
synoptic listing of stains for specific tissues and tissue
elements, keyed a so to the appropriate pages.

Name of stain Acronym Specific for Approx. time Page nos.
Alcianblue AB Acid mucopolysaccharides 3h20 min 92, 129
Alizarinred S ARS Calcium, chitin 1h45min 93, 129
Azure-eosin/Giemsa AZE, Blood fixed in methanol 1lh 94, 130
Azure-eosin/Giemsa, AZE, Fixed tissue, blood, gram- 1 h30min 95

positivebacteria
Feulgen gram Bacteria, gram-positive 1h50 min 97
Feulgen picromethyl blue FPM DNA, collagen, connective 1 h35min 98, 130
tissue, ciliates
Gomori’'s Connectivetissue, reticulum 1lh 99, 131
Gram Bacteria, gram-positive and 1 h 10 min 101, 131
(Brown and Brenn 1931) negative
Gram Bacteria, gram-positive and  1h 102, 131
(Brown and Hopps 1973) negative
Grocott’s methenamine GMS Fungi 3h15min 103, 132

slver
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Table 8-1. Synoptic listing of stains (cont.).

Name of stain Acronym Specific for Approx. time Page no.
Harris’ hematoxylin and HHE, Tissues fixed in Zenker or 1 h30min 104
eosin, (progressive) Hdly's
Harris hematoxylinand eosin, HHE, Tissues fixed in formalin, 1h 10 min 105
(regressive) Bouin's, or Davidson's
Harris hematoxylinandeosin, HHE, Frozentissue 10min 106
Heidenhain'siron hematoxylin IHE Nuclear detail, ciliates 1h30min 107
and eosin
Mallory’shematein Copper, metals 1lh 108, 132
Mallory’strichrome Collagen, connectivetissue 1h 109, 132
Malt periodic acid Schiff MPAS Neutral mucopolysaccharides, 2 h 20 min 110, 133

PA S-positive substances other

than glycogen
Malt periodic acid MPAS-AB Neutral and acid 5h 111, 133
Schiff-alcianblue mucopolysaccharides
Mayer’'shematoxylinandeosin MHE Formalin-fixedtissue 1h 10 min 113, 133
Oil redO ORO Fat in frozen tissue 10 min 114,134
Periodic acid Schiff PAS, Neutral mucopolysaccharides, 1 h 15min 115, 134
(Weigert' shematoxylin) glycogen, fungi
Periodic acid Schiff, PAS, Nuclear detail, fungi, glycogen, 1h45min 116
(Heidenhain'sironhemeatoxylin) neutral mucopolysaccharides
Perls Prussian blue Ferriciron 2h 117,134
Protargol Cilia, ciliate organelles 2 days 118, 135
Toluidineblue O, TBO, Hemocytes 30min 120
ToluidineblueO, TBO, Frozen tissue 10min 121,135
Von Kossa Cdcium 2h 122,136
Ziehl-Neelsen and Harris ZHH Acid-fast substances 1h45min 123,136
hematoxylin
Ziehl-Neelsen and methylene Acid-fast bacteria (AFB), 1h30min 124,136

blue

acid-fast organisms
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Table 8-2. Synopticlisting of stainsfor diagnostic eements.

Diagnostic elements Acronym Name of stain Approx.time  Pageno.
Acid-fast:
(a) Bacteria, organisms Ziehl-Neelsenand methylene 1 h 30 min 124,136
blue
(b) Substances (e.g., ZHH Ziehl-Neelsen and Harris'  1h45min 123,136
hapl osporidan spores, hematoxylin
microsporida, and
Cryptosporidium)
Bacteria
(@) Acid-fast (seeacid-fast)
(b) Gram positive Feulgen gram 1 h50 min 97
AZE, Azure-eosin/Giemsa, 1h30min 95
(c) Gram positive and Gram(BrownandBrenn1931) 1 h 10 min 101, 131
negative Gram(BrownandHopps1973) 1h 102, 131
Blood:
(& Hemocytes TBO, Toluidine blue O, 30 min 120
(b) Methanol-fixed AZE, Azure-eosin/Giemsa, 1h 94, 130
(c) Fixedtissue AZE, Azure-eosin/Giemsa, 1h30min 95
Cacium ARS Alizarinred S 1h45min 93, 129
VonKossa 2h 122, 136
Chitin ARS Alizarinred S 1h45min 93, 129
Ciliates FPM Feulgen picromethyl blue 1h35min 98, 130
IHE Heidenhain'sironhematoxylin -~ 1 h 30 min 107
andeosin
Ciliateorganelles, cilia Protargol 2 days 118, 135
Connectivetissue:
(a) Collagen Mallory’strichrome 1h 109, 132
FPM Feulgen picromethyl blue 1h35min 98, 130
(b) Reticulum Gomori’s 1h 99, 131
Copper, metals Mallory’shematein 1h 108, 132
DNA FPM Feulgen picromethyl blue 1h35min 98, 130
Fatsand phospholipids:
() Fat in frozen tissue ORO Qil red O 10 min 114, 134
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Table 8-2. Synopticlisting of stainsfor diagnostic eements (cont.).

Diagnostic elements Acronym Name of stain Approx. time Page no.
Fungi GMS Grocott’smethenaminesilver 3h15min 103, 132
PAS, Periodic acid Schiff, 1h15min 115,134
(Weigert' shematoxylin)
PAS, Periodic acid Schiff, 1h45min 116
(Heidenhain'siron hematoxylin)
General tissues:
(a) Progressive hematoxylin HHE, Harris' hematoxylinandeosin, 1h30min 104
(b) Regressive hematoxylin HHE, Harris hematoxylinandeosin, 1h10min 105
(c) Formalin-fixed HHE, Harris' hematoxylinandeosin, 1h10min 105
MHE Mayer'shematoxylinandeosin 1h10min 113,133
Frozen tissues:
(@ Generd HHE, Harris hematoxylinandeosin, 10min 106
(b) Fat ORO Oil redO 10min 114,134
(c) Metachromatic TBO, ToluidineblueO, 10min 121,135
Glycogen:
PAS, Periodic acid Schiff, 1h15min 115,134
(Weigert’shematoxylin)
PAS, Periodic acid Schiff, 1h45min 116
(Heidenhain'siron hematoxylin)
(a) Digestion MPAS Malt periodic acid Schiff 2h20min 110, 133
MPAS-AB Malt periodic acid Schiff- 5h 111, 133
alcianblue
Iron (ferric) Perls' Prussian blue 2h 117,134
Mucopolysaccharides:
(@ Acid AB Alcianblue 3h20min 92,129
(b) Neutra PAS Periodic acid Schiff, 1h15min 115,134
(Weigert’shematoxylin)
PAS, Periodic acid Schiff, 1h45min 116
(Heidenhain'siron hematoxylin)
MPAS Malt periodic acid Schiff 2h20 min 110, 133
(c) Neutral and acid MPAS-AB Malt periodic acid Schiff- 5h 111, 133
acianblue
Nuclear detail IHE Heidenhain'sironhematoxylin -~ 1 h30min 107
and eosin
PAS Periodic acid Schiff, 1h45min 116

(Heidenhan'siron hemeatoxylin)
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1. Sandard Format for Par affin-embedded Sections

To eliminatetherepetitive solution and timecycles, stain
protocols for most paraffin-embedded sectionswill read
as follows: in a fume hood with PPE, deparaffinize,
hydrateto water, stain, counterstain, dehydrate, clear, and
mount. Blot slides after immersion in each solution to
avoid solution carryover. Somestain protocolsindicatea
fixative of choicefor best results; therefore, it isessential
for the requestor to designate the fixative.

a. Deparaffinize
For sections cut from 5- to 6-um thickness, immersedides
in 2 changes of xylene for 5 min each. Change xylene

regularly to ensure compl ete deparaffinization.

Thicker sections will require 3-4 changes of xylene and
longer immersion times.

b. Hydrate to Water

Carry dlides through descending concentrations of ethyl
alcohol (ETOH) to water as follows:

100% ETOH ............. 2 changes.............. 5 min each
95% ETOH .............. 1 change................ 3 min each
70% ETOH .............. 1 change................ 3 min each
50% ETOH .............. 1 change.......c...... 3 min each
30% ETOH .............. 1 change............... 3 min each
Distilled Water ........ccoovverereeni e 2min

The 100% ETOH absorbs water and should be renewed
frequently, depending on the number of dlidesinvolved,
to avoid carryover of xylene. Obvious xylene
contaminationin 100% ETOH will leaveaninsoluble scum
ondideswhen carried into diluted a cohols. Thesolutions
should flow smoothly off slides before descending to the
next alcohol.

¢. Removal of Mercury (Mitchell 1966)

Tissuespreserved infixatives containing mercury (Zenker
or Zenker formalin/Helly’s) must betreated with Lugol’s
iodine and sodium thiosulfate before staining to prevent
mercury crystal artifacts.

Procedure:
1) Infume hood, deparaffinize

2) Hydrateto 70% ETOH
3) PrepareLugol’siodine stock! and working? solutions
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4) ImmerseinLugol’siodineworking solution? - 10min
5) Rinsein 70% ETOH - 3 min
6) Changeto 50% ETOH - 3 min
7) Followin30% ETOH - 3 min
8) Immersein 2% sodium thiosulfate® - 5 min
9) Wash in running tap water - 10 min
10) Distilled water

Reagents:

L ugol’siodine stock solution

Potassium i0dide ........ccceoevirerineieeneiee 6.0gm
1OAINE ... 4.0gm
Didtilled Water ........ccooevevereiieeeee 100.0 ml
2|_ugol’s iodine working solution
Lugol’siodine.........cooueerenineniciencseceens 100 ml
70% ETOH ..o 90.0 ml
2% sodium thiosulfate
Sodiumthiosulfate..........cccevvvvieeveeseir e, 2.0gm
DistilledWater ........cccvvrererenereeeee 100.0ml
d. Dehydrate

When the stain and counterstain are complete, the dides are
taken through an ascending series of ETOH:

95% ETOH ... 6 dipsor 3min
100% ETOH ..o 1% min
100% ETOH ..o 3min

e. Clear

Immerse dlides in 2 changes of xylene for 5 min each.
Change xylenes regularly to avoid dilution by acohol
carryover.

f. Mount

Slides are ready to coverdlip with the mounting medium
of choice (see pp. 137-138).

2. Pre-staining Techniques

a. Removal of Formaldehyde Fixation Artifacts
Before Embedment

Depending on size of tissue, wash 30 min-4 h to remove
excessformalin pigment if formalin has not been buffered
or stock solution has not been neutralized with marble



chips. If tissues have been fixed in neutral buffered
formalin, wash 5-30 min.

b. Remove Bouin’s Fluid Before Saining

Most Bouin's is removed during hydration to water;
however, if tissuedtill appearsyellow, wash until coloration
disappears. Check staining dishes for Bouin's
contamination. Picric acid can brown the hematoxylin
and yellow the eosin. Bouin’s will interfere with other
staining results.

c. Aldehyde Blocking Technique (Feder and O’ Brien
1968)

This technique precedes Schiff-type stains where
nonspecific aldehyde staining has occurred.

Procedure:

1)
2)
3)

In fume hood, deparaffinize

Hydrate to water

Place dlides in saturated solution of dimedone* -
overnight

Rinsethoroughly in running tap water - ¥2h
Proceed with desired Schiff-type stain

4)
5)

Reagent:

!Dimedone (5,5-dimethyl-1,3-cyclonexanedione)
saturated solution
Dimedone 0.5gm
Distilled water 100.0 mi
Stir or shake intermittently for at least 5 h and filter
before use.

Note: “Completeness of blockade can be tested by
transferring a treated, rinsed dide directly to the Schiff
reagent, followed by the usua metabi sulfiteand water rinses.
There should be no staining if the blockade of aldehyde
groupsiscomplete. . ..” (Feder and O’ Brien 1968).

d. Collodion Coating for Slides (Coolidgeand Howard
1979)

Techniqueisrecommended when tissuestend to separate
from dlides.
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Procedure:
1) Infumehood, prepare collodion stock® and working?

solutions

Deparaffinize

100% ETOH - 2 changes, 5 min each

Placein 0.5% collodion working solution? - 1 min

Drain

Placein 70% ETOH

Hydrate to water

Stainasusua

2)
3)
4)
5)
6)
7)
8)

Reagents:

12% collodion stock solution
Parlodion (=collodion, celloidin, nitrocellulose,
cellulosenitrate, pyroxylin) ........cccoovveiciennnns 1.0gm
100% ETOH
Let solution stand until parlodion isdissolved. Handle
parlodion with extreme caution; avoid strong
impacts.

20.5% collodion working solution

2% collodion StOCK ........cceoveeriricicieeseiee 12.5ml
100% ETOH .....coiiiirieieieeseseeeeeee e 25.0ml
Ethyl ether (anhydrous) ..........cccoceveininiennee 12.5ml

Danger: Solution highly flammable; use extreme
caution when handling or storing collodion; avoid
open flameor electrical discharges.

Notes:

1) Collodion (4%) may be purchased asaready-made
solution from Sigma® cat. # 27694. Collodion
working solution may be prepared with methanol
instead of ether. Hydrate in graduated strengths of
methanol after enrobing in collodion (E.B. Small,
University of Maryland, College Park, MD, pers.
commun. 1997).

Do not use collodion with alcian blue staining;
collodion will pick up acian blue and mask entire
dide.

For Feulgen picromethyl blue (FPM), remove
collodion after Schiff reagent in 1 change of 70%
ETOH and 2 changes of 100% ETOH, then hydrate
to 70% ETOH and to water, and continue staining
with picromethyl asusual. (Butanol will not remove
collodion; therefore, collodion must be removed in
100% ETOH before completing stain.)

2)

3)



e. Acid Clean Glasswar e (Coolidgeand Howard 1979)

Potassium dichromateispreferred for cleaning laboratory
glassware; however, aternative productsare availablethat
areless hazardous.

Procedure:

1) In fume hood, immerse clean glassware in
dichromate acid cleaning solution' - 2 h or more

2) Rinsewell inrunning water and several changes of
distilled water

3) Dryindust-free cabinet

4) Cover with aluminum foil and store in designated
acid-cleaned area

5) Properly dispose of used acid bath

Reagent:

!Dichromateacid cleaning solution

Potassium dichromate ............cccoeevvrienne. 200.0 gm

Distilled Water ........cccevveevecieieececereeenee, 2000.0ml
Potassium dichromate is hazardous and should be
handled with care.
Dissolve with low heat, cool, then add:

SUITUNC @CId . 200.0 ml
Caution: Add sulfuricacid slowly. Useextremecare
in preparation and use of this solution.

Notes:

1) Wear protectiveface mask, acid-resistant apron, and
gloves(check glovesfor holes).

2) Storepotassium dichromatein acid-proof container
and approved acid cabinet; fumeswill corrode metal
cabinets. Properly label dichromate solution; include
appropriatewarnings.

3) Solution may be reused.

3. Deactivation of Ammoniacal Silver Solutions
(http://www.northwestern.edu/research-safety/
chem/deactam.htm)

Ammoniacal silver staining solutions are hazardous
because explosive silver salts may form. Mix only the
amount of silver nitrate solution necessary to complete
procedure. Keep prepared solutions of silver nitrate and
ammonium hydroxide separate. Handleasan explosive
material. Where permitted, the following procedure
may be used to deactivate silver/ammonium solutions:
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Procedure:

1) In fume hood, dilute 1 part of silver/ammonium
solutionto 15 partsof distilled water

2) Inancther container, prepare 5% hydrochloric acid
(HCI)

3) Sowly add HCI solutionto silver/ammonium solution
until pH reaches 2; stir frequently

4) If there is evidence of heat generation, add ice to
cool process

5) When pH reaches 2, silver chloride should beginto
precipitate out. Filter precipitate with Buchner
funnel

6) Adjust pH of liquid waste to 4-5 with addition of
sodium bicarbonate

7) Dispose of wastes by approved facility practices

Reagent:

5% HCl
HCL e 5.0ml
DigtilledWater .........ccooevvieeeieseeee e 95.0ml

Handle HCI with care.



4. Staining Methods
(1) Alcian Blue (AB) (3 h 20 min) (Pearse 1960)

Specific for acid mucopolysaccharides.

Procedure:

1)
2)
3)

Deparaffinize

Hydrate to water

Stain in alcian bluet (fixative specific; check
expiration date of stain) - 30 min

Rinsein running water - 4-6 dips

0.5% a coholic ammonium hydroxide? - 2 h
Rinsein running tap water - 4-6 dips

Stainin nuclear fast red (Kernechtrot)® - 5min

Rinse well in distilled water - 6 dips (to prevent
formation of white precipitate)

Dehydrate

Clear

Mount

4)
5)
6)
7)
8)

9)
10)
11)

Results(Fig. 8-1):

Acid mucopolysaccharides- brilliant blue

Nuclei - bright red or shades of blue

Other basophilic substances - various shades of blue or
purple

Background - pink to red

Other cytoplasmic elements - shades of pink

Reagents:

For tissues fixed in Zenker or Helly's (Johnson 1980)
10.1% alcian blue in 0.01 M HCI (pH 2.2)

Alcian blue 8GX ......ccovvireiieee 1.0gm
INHCI e 10.0ml
DigtilledWater .........cccoveveieieeeseceee e 990.0ml

Handle HCI with care.

For tissues fixed in formalin or Davidson’s (Johnson

1980)

10.1% alcian bluein 3% acetic acid
Alcianblue8GX ........ccoviveriiinieeeesee 0.1gm
DistilledWaLES ..o 97.0ml
Glacia aceticacid.........ccoeevvveeeeiiieeceee e 3.0ml
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20.5% al coholic ammonium hydroxide (Johnson 1980)
28-30% ammonium hydroxide.............c.ccoenee. 3.0ml
95% ETOH 597.0ml

Handle ammonium hydroxide with care.

3Nuclear fast red (Kernechtrot)
5% auminum sulfate (A1,(SO,),):

AL(SO,); e 250gm

Distilled water .........ccoceveveceeeiirerienen 500.0 ml
0.1% nuclear fast red:

Nuclear fast red .......cccceevveeeeceiiceeee, 0.5gm

S%AIL(SO,), e 500.0 ml

Note: Nuclear fast red (Kernechtrot) available asa ready
to use 0.1% solution from Poly Scientific® cat. #S248orin
powder form from J.T.Bakerc cat. # S635-01. Refrigerate
solution; discard when stain losescolor.



(2) Alizarin Red S(ARS) (1 h 45 min) (Luna 1968)

Specific for calcium and chitin. Use a positive control
test dide.

Procedure:

1) Deparaffinize

2) Hydrate to water

3) Sainin0.1% alizarinred St - 1h

4) Rinseinsevera dipsof tap water

5) Counterstain in 1% light green SF yellowish?
(prepare fresh before use; tends to overstain)
- 5sec

6) Rinseindistilledwater - 6-10dips

7) Dehydrate

8) Clear

9) Mount

Results (Figs. 8-2, 8-3):

Calcium saltsand chitin - intense reddish-orange
Background - pale green

Reagents:

10.1% alizarinred S

Alizarinred S.......ccoooveieiieee s 0.1gm
DigtilledWater ........ccccovveineinieirireees 100.0 ml
21% light green SF yellowish (Dahl and Dole 1952)
Light green SFyellowish ........cccovvviivcencnnnne. 1.0gm
DistilledWater .........cccovveiireiniiiicierees 100.0 ml
Glacial acetiCacid.........ccvvvireieeiiiieiceens 1.0ml
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(3) Azure-Eosin/Giemsa, (AZE)) (1 h) (Lillie 1965)

Specific for blood (e.g., smears) fixed in methanol.

Procedure:

Fresh blood
1) StaininGiemsa, pH 6.8-7.1-1h
2) Rinsein buffered distilled water; buffer to pH of
dan
3) Blotindividua didesto prevent water spots
4) Air-dry; coverdipif required
5) Xylene-2dips
6) Mount

Old blood (Presnell and Schreibman 1997)
1) Immersefor 5-10 minin:
100% ETOH ..o 60.0 ml
Glacia aceticacid .......ccoeevveveveiececies 10 drops
2) Rinsein distilled water and continue with above
Giemsastain procedure

Results (Fig. 8-4):

Nuclel and basophilic substances - blue
Cytoplasm and acidophilic substances - pink

Reagent:
'Giemsa
Giemsa (azure B type) ....ccoveeeveviesieeeeieciee 5.0ml
Buffer (will vary with blood species; see
Mcllvaine-Lillietable, p. 96) ........ccceenee.e. 10.0ml
Distilled Water .......ccoevvvieieeeeeceeeee 185.0ml

Note: Giemsa azure B type available from EMD
Chemicals” cat. # 619.
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(4) Azure-Eosin/Giemsa, (AZE,) (1h 30 min) (Lillie
1965)

Metachromatic stain for fixed tissues. Specific for blood
studies and gram-positive bacteria.

Procedure:

1) Deparaffinize

2) Hydrateto water

3) Stainin Giemsa' (see pH table, p. 96) - 1 h
(usefresh Giemsa stain for each set of dides; stain
deteriorates after 1 h)

4) Drain- 20 sec

5) Acetone- 1%2min

6) Acetone- 3 min

7) 50:50 acetone/xylene - 1% min

8) Clear

9) Mount

Results:
Nuclei - bluetoviolet

Cytoplasm - varying shades of light blue or pale pink
Muscle - bright pink

Bacteria- blue

Reagent:

Giemsa
Giemsa (azure B type) .......cceevevviiee e 5.0ml
Buffer (see Mcllvaine-Lillietable, p. 96) ...... 10.0ml
ACELONE ...t 25.0ml
DistilledWater .......ccoevvviereeeeececeene 160.0ml

Note: Giemsa azure B type available from EMD
Chemicals” cat. # 619.
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(5) Fixative Guide for Giemsa Stain M/10Gitric M/5 disodium

The following developed by M.W. Newman (NOAA, pH acid (mi) phosphate (mi)
Oxford, MD, pers. commun. 1970) provides the 305 ... 125 75
recommended pH for buffers to be used with various 4' 1 ... 12'0 o 8.0
fixatives. After the preferred pH has been determined, one 4' 3 11'5 o 8.5
should consulttheMclIvaine-Lilliebuffer tableshown below. < ' '
45 --- 110 e 9.0
T 475 --- 105 e 9.5
Fixative PH 495 --- 100 -+ 100
o117 112 O 4.50 53 . 9.5 o 105
55 .- 9.0 -+ 110
Hollande ........ccooviviieieee e 4.75 57 85 . 15
Formalin, followed by decalcifier ............... 4.80 U ' '
: : 60 --- 8.0 - 120
DavidSon's......cocvveeeeeneeeeeee e 4.95
6.1 --- 75 -+ 125
S USRS 4.95 63 ... 70 . 130
Helly’s(Zenker formalin) .......cccccveveveerenee. 5.10 : ' '
Boul nls 5 50 6.4 e 6-5 "t 13.5
....................................................... . 65 ... 6.0 o 140
66 --- 55 -.- 145
. - - 68 --- 5.0 --- 150
Mcllvaine-Lilliebuffers(Lillie 1954) 69 .. 45 ... 155
Stock solutions 70 .- 4.0 o 160
o 71 - 35 oo 165
M/10 citric acid:
e . 72 --- 3.0 s 17.0
CItriC aCid ..o 21gm 73 25 ... 175
25% methanol (25 ml methanol + 75 m = ' '
o 74 - 2.0 -~~~ 180
distilled Water) .......cocevvevvieniniieieens 100.0 ml 75 ... 15 ... 185
M/5 disodium phosphate (sodium phosphate dibasic): : ' '
o 7.7 - 1.0 -+ 190
Disodium phosphate ........cccccoveeeveeieinnnens 2.84gm 8.0 05 105
0, . ce . ca )
25% methanol ..........ccccovvneveneinesee 100.0 ml 83 ... 0.0 e 200

Table 8-3. Mcllvaine-Lillie buffer stock solutions.
M/10 and M/5 solutions are madein 25% methanol;
pH values are for final aqueous dilution of 1:25.

M/10 dtric M /5 disodium

pH acid (ml) phosphate(ml)
25 7 200 0.0
26 7 195 0.5
265 77 190 1.0
27 185 15
275 180 2.0
28 7 175 25
29 170 3.0
30 77 165 35
305 77 160 4.0
31 155 4.5
32 7 150 5.0
33 7 145 55
345 77 140 6.0
36 77 135 6.5
375 130 7.0
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(6) Feulgen Gram (1 h 50 min) (Brown and Brenn
1931)

Specific for gram-positive bacteria. Test Schiff reaction
before staining process. Useapositive control test slide.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Hydrolyzein 5N HC1! - 30 min
4) Rinseindistilled water - 1 min (change frequently
to reduce HCI carryover)
5) Distilledwater - 1 min (tap water will contaminate
and cause discoloration of Schiff)
6) Blotwell, stainin refrigerated Schiff reagent? - 15
min
7) Rinseindistilled water - 2 changes, 1 min each
8) Rinseinrunning tap water - 2min
9) Sainincrysa violet® (preparefresh before use) -
2min
10) Wash in running water - 2 min
11) Lugol’'siodine* - 2 min
12) Washinrunning water - 2 min
13) Decolorize in 95% ETOH until “blue”
bleed off dide
14) Wash in running water - 2 min
15) Counterstain in 0.03% picromethyl blue® - 3 min
16) Destainin 1 part 100% ETOH to 9 parts butanol -
6 dips (change for each rack)
17) Butanol - 1¥%2min
18) Butanol - 3 min
19) Xylene
20) Mount

does not

Reaults

Gram pogitive- blue
Nucle -red
Muscle - yelow
Coallagen-lightblue
Background - green

Reagents:

5N HC1 (Lillie 1965)
[BIIS 1115 0 LYz (< S 583.5ml
Concentrated HC1 5. gr. 119 ... 416.5ml
Handle HCI with care.
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2Schiff (Sanders 1972)

1) Boil 200 ml of distilled water

2) Add 1.0 gm of basic fuchsin and stir

3) Cooal to 50°C (filter optional)

4) Add 20 ml of normal HC1 (916.5 ml of distilled
water and 83.5 ml of concentrated HC1 sp. gr. 1.19;
handle HCI with care)

5) Cool to 25°C (room temp.)

6) Add 1.0 gm of sodium metabisulfite (Na,S,0,)

7) Shakevigorousy

8) Store in dark until reagent turns a straw color -
approx. 2 days

9) Add approx. ¥2gm/200 ml charcoal; shake and filter

10) Keeprefrigerated at al times, even during staining
process, to prevent breakdown of Schiff

Note: Schiff reagent available ready-made from Poly
Scientific® cat. # S-272 very reliable. To make Schiff
reagent, we suggest using basic fuchsin (pararosaniline)
available from Fisher Scientific® cat. # F-98-10. It is
important to get a good “lot” of basic fuchsin. Discard
Schiff when it takes on purpletone; it will no longer stain
effectively. For best results, make separate 200-ml portions
and storein separate containers.

SCrystd violet
Crystal VIOIEL ... 0.8gm
Sodium bicarbonate..............ccoeeeeereniienicinns 1.0gm
Didilled Water .........cocevvieiieieieseeese e 100.0 ml

4Lugol’siodine (Sanders 1972)

1OAINE ... 10gm
Potassum iodide .........cocceeeeciecieeeccceceeee, 20gm
Didtilled Water ........ccvvveveeeeeieirieesieeseeeenas 100.0ml

50.03% picromethyl blue (Farley 1969)
Methyl BlUe........ccooiiee 0.15gm
Saturated aqueoUS PICriC aCid ........cccevvvreeenene 500.0ml

Note: Methyl blue available from Sigme? cat. # M-5528.
Saturated solution of picricacid availablefrom Fisher Scierntific®
cat. # CS-311-1.



(7) Feulgen Picromethyl Blue (FPM) (1 h 35 min)
(Farley 1969)

Specificfor DNA, collagen, and connectivetissue. Good
stain for cilitates. Test Schiff reaction before staining
process.

Procedure:
1) Deparaffinize
2) Hydrate to water
3) Hydrolyzein 5 N HC1! at room temp. - 30 min
4) Rinseindistilled water - 1 min (change frequently
to reduce HCI carryover)
5) Rinse in distilled water - 1 min (tap water will
contaminate and cause discoloration of Schiff)
6) Blotwell, stainin refrigerated Schiff reagent? - 15
min
7) Rinseindistilled water - 2 changes, 1 min each
8) Rinsein running tap water - 5-10 min
9) Rinseindistilled water - 1 min
10) Counterstainin 0.03% picromethyl blue®*- 3min
11) Destaininl part 100% ETOH to 9 partsbutanol - 6
dips (change for each rack)
12) Butanol - 1% min
13) Butanol - 3min
14) Clear
15) Mount

Results (Figs. 8-5, 8-6):

DNA -red

Nucleoli, muscle, and other acidophilic substances -
yellow

Connectivetissue, collagen - blue

Cytoplasmic protein - green

Reagents:

15N HCI (Lillie 1965)
Distilled water
Concentrated HCI sp. gr. 1.19

Handle HCI with care.

583.5 ml
416.5 ml

2Schiff (Sanders 1972)
1) Boil 200 ml of distilled water
2) Add1.0gm of basic fuchsin and stir
3) Cool to 50°C (filter optional)
4) Add 20 ml of norma HC1 (916.5 ml of distilled
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5)
6)
7)
8)

9)
10)

water and 83.5 ml of concentrated HC1 sp. gr. 1.19;
handle HCI with care)

Cool to 25°C (room temp.)

Add 1.0 gm of sodium metabisulfite (Na,S,0,)
Shake vigorously

Store in dark until reagent turns a straw color -
approx. 2 days

Add approx. ¥2gm/200 ml charcoal; shake and filter
Keep refrigerated at all times, even during staining
process, to prevent breakdown of Schiff

Note: Schiff reagent available ready-made from Poly
Scientific® cat. # S-272 very reliable. To make Schiff
reagent, we suggest using basic fuchsin (pararosaniline)

available from Fisher Scientific® cat. # F-98-10.

Itis

important to get agood “lot” of basic fuchsin. Discard
Schiff when it takes on purple tone; it will no longer stain
effectively. For best results, make separate 200-ml portions
and store in separate containers.

%0.03% picromethy! blue (Farley 1969)

Methyl blue
Saturated aqueous picric acid

0.15gm
500.0 ml

Note: Methyl blue available through Sigma?® cat. #
M-5528. Saturated solution of picric acid availablefrom
Fisher Scientific® cat. # CS-311-1.



(8) Gomori’'s(1 h) (Carson 1990)

Specificfor connectivetissue, reticulum. Useacid-cleaned
glassware.

Procedure:

1) Deparaffinize
2) Hydrateto water
3) Oxidizein 0.5% potassium permanganate! - 1 min
4) Wash in running tap water - 2 min
5) Differentiatein 2% potassium metabisulfite? - 1 min
6) Wash in running tap water - 2 min
7) Sensitize in 2% ferric anmonium sulfate® - 1 min
8) Wash in running tap water - 2 min
9) Rinsein distilled water - 2 changes
10) Impregnatewithammoniaca silver- 1 min
11) Rinsein distilled water - 20 sec
12) Reducein 20% formain® - 3 min
13) Wash in running tap water - 3 min
14) Tonein 0.2% gold chloride® - 10 min
15) Rinseindistilled water - 2min
16) Reduce in 2% potassium metabisulfite? - 1 min
17) Fix in 2% sodium thiosulfate’ - 1 min
18) Wash in running tap water - 2 min
19) Staininnuclear fast red (Kernechtrot)® - 1-4 min
20) Rinse well in distilled water - 6 dips (to prevent
formation of white precipitate)
21) Dehydrate
22) Clear
23) Mount

Results (Fig. 8-7):
Reticulum fibers - black

Collagen - rose
Other tissue elements - pink to red

Reagents:

10.5% potassium permanganate

Potassium permanganate ...........cocceeeeerervenne 0.5gm

Distilled Water .......cccoovviieieririnereeeeiens 100.0 mi
22% potassium metabisulfite

Potassum metabisulfite.........ccccceeeivecieiiecnene. 2.0gm

DistilledWater .......ccccceevveiieeseereeeeseenas 100.0 ml
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329% ferric ammonium sulfate
Ferricammonium sulfate ..........cccceeeevrvnicnnne. 2.0gm
DistilledWater ......ccoveeeeeeeieeeee e 100.0 ml

4Ammoniacal slver
10% silver nitrate:

SIHVEr NIFAe ..ocvveeeeece e 1.0gm

Distilled Water .........ccccoeovrvereinicenenieees 10.0ml
10% aqueous potassium hydroxide:

Potassium hydroxide...........ccceeereneienene. 1.0gm

Distilled Water .......ccocooveveieriirerirerieeens 10.0 ml
3% sodium hydroxide:

Sodium hydroxide..........ccccovvvreeiennnnenens 0.3gm

Distilled Water ........cccceoerererereirieereeee 10.0 ml

1) Toeach 10 ml of 10% silver nitrate, add 2.5 ml of
10% agueous potassium hydroxide

2) Add 28% ammonium hydroxide drop by drop and
swirl container until white percipitate completely
dissolves

3) Cautiously add 5 ml of 3% sodium hydroxide

4) Redissolve precipitate with 28% ammonium
hydroxide until only afaint cloudiness remains

5) Dilute resulting solution with equal amount of
distilled water

Note: Do not store silver solution for long periods
of time after addition of ammonium hydroxide. See
Deactivation of Ammoniacal Slver Solutions (p. 91).

520% formalin

37-40% formaldehyde..........cccceovrenirieiennne 20.0 ml

Distilled Water .........cooeeverirereeresesieeens 80.0 ml
60.2% gold chloride

1% stock gold chloride.........cccovveeveeieennnnnee. 20.0 ml

Distilled Water .........coceveveeerinereeeece e 80.0 ml

Note: 1% stock gold chloride availablefrom Sigma cat.
# G-4022.

72% sodium thiosulfate
Sodiumthiosulfate..........cccevvvveeieeceiiceceee, 2.0gm
DistilledWater ... 100.0 ml



8Nuclear fast red (Kernechtrot)
5% aluminum sulfate (A1,(SO,),):

AL(SO,), o 25.0gm

Digtilled Water ........cccvvevevviieieseciens 500.0 ml
0.1% nuclear fast red:

Nuclear fast red (Kernechtrot) ................. 0.5gm

5% AL,(SO,), v, 500.0ml

Note: Nuclear fast red (Kernechtrot) available asa ready
to use 0.1% solution from Poly Scientific® cat. # S248 or
in powder form from J.T.Baker¢ cat. # S635-01.
Refrigerate; stainisgood until it loses color.
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(9) Gram (1 h 10 min) (Brown and Brenn 1931)

Specific for gram-positive and gram-negative bacteria.
Use positive and negative control test slides.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Preparecrystal violet stock! and working? solutions
4) Stainin crysta violet working solution? (prepare
fresh before use) - 2 min
5) Wash in running water - 2 min
6) Lugol'siodineg® -2 min
7) Washin running water - 2 min
8) Decolorize in 95% ETOH until “blue’ does not
bleed off dide
9) Washin running tap water - 2min
10) Saininsafranin O*- 2 min
11) Washinrunning tap water - 2 min
12) Counterstainin0.03% picromethyl blue® or picric
acid® (optional) - 3min
13) Differentiatein 1 part 100% ETOH to 9 partsbutanol
- 6 dips(or until safranin O does not bleed off lide)
14) Butanol - 1%2min
15) Butanol - 3min
16) Clear
17) Mount

Results(Fig. 8-8):

Gram positive- blue

Gram negative - red

Nuclei - red

Background - yellow to green (depending on counterstain)

Reagents:
11% crystal violet stock solution (Sanders 1972)
Crystal VIOIEt ... 1.0gm
Distilled Water .........cccovevrrenreiereenine 100.0 ml
2Crystal violet working solution
1% crystal violet stock solution............... 40.0 ml
5% sodium bicarbonate............cc.ccceennee. 10.0 ml

5% sodium bicarbonate:
Sodiumbicarbonate...........ccoeeeevveenneee 0.5gm
DistilledWater .......c.cooceeieeeeiieeeeeeeeee 10.0ml

3Lugol’siodine (Sanders 1972)

[OAINE ...t 1.0gm
Potassumiodide ..........ccceeevvreneienineseee 2.0gm
Distilled WaLer ........cocoeiviiiiriiieiieeieeieas 100.0ml

4Safranin O (Conn et al. 1962)
Dissolve safranin O in 10 ml of:

95% ETOH ..o 0.25gm

Distilled Water .........coceveveevieieieeeece e 90.0 ml
50.03% picromethyl blue (Farley 1969)

Methyl BIUE .......ccveeeeiecee e 0.15gm

Saturated aqueous picric acid............c........ 500.0 ml

Note: Methyl blue available from Sigma cat. # M-5528.

Picric acid (saturated aqueous)
Distilled Water .........coceveveeirenereeeece e 20.0 ml
PICriC aCid.....cooiiiieeeeecee e 20gm

Note: Saturated agueouspicric acid availablefrom Fisher
Scientifice cat. # CS-311-1. Fresh preparationsstain well
with Brown and Brenn's gram; gram-negative stain is
not always accurate for fixed tissues



(10) Gram (1 h) (Brown and Hopps 1973)

Specific for gram-positive and gram-negative bacteria.
Use positive and negative control test slides.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Stainin 1% crystal violet! (prepare fresh before
use) - 1 min
4) Weashintap water - 1 min
5) Placein Gram'siodine?- 1 min
6) Washintapwater - 1 min
7) Decolorize in acetone until background is clear
8) Immediately washintap water - 1 min
9) Preparebasicfuchsin stock® and working* solutions
10) Stain in basic fuchsin working solution* - 5 min
(fixative specific)
11) Weashintap water - 1 min
12) Place in Gallego's differentiating solution® - 2
changes, 1 min each
13) Washintap water - 1 min
14) Treat with acetone - 30 sec
15) Counterstainin picric acid/acetone® - 2-3min
16) Place in acetone/xylene’ - 2 changes, 1-2 min
17) Clear
18) Mount

Results (Fig. 8-9):
Gram-positive bacteria- blue

Gram-negative bacteria- red to purple
Background - yellow to green (depending on counterstain)

Reagents:
1% crystal violet
Crystal VIOl€t .......coveeiieceeeccece e, 1.0gm
Distilled Water .......ccceoeevverereeeeereneens 100.0 mi
2Gram’siodine
[OAINE ... 1.0gm
Potassumiodide ..........coeeeerereneneenesesene 20gm
DigtilledWater .......ccovvriririeeiresceeee 300.0ml

30.25% basic fuchsin stock solution
BasicfuChSiN ... 0.25gm
DigtilledWater .......ccoeeeevieiieiecceecieccreeiens 100.0 ml
Filter through No. 40 Whatman filter paper.

For tissues fixed in formalin, glutaraldehyde, and
Bouin’'s
“4Basic fuchsin working solution
BasicfuchSIN StOCK ........eevvveeeviiieie e, 1.0ml
DistilledWALES ..o 25.0ml

For tissues fixed in Zenker formalin
“Basic fuchsinworking solution

BasicfuchsSin Stock .........cooceeveeeveiieciiecciiens 5.0ml

DistilledWater ......ccvveeeeeeeeeeeeee e, 25.0ml
°Gallego’sdifferentiating solution

37-40% formaldehyde .........cccoovereiirininiene 2.0ml

Glacial aceticaCid......cooveeveivceie e 1.0ml

Distilled Water .......ccoeeveeieieeeeecee e 100.0ml

Note: Gallego's solution tends to stain gram-negative
bacteriapinkish-purple.

SPicric acid/acetone
PICriCaCid. ..o 0.1gm
ACEIONE ... 100.0ml
"Acetone/xylene
ACELONE ... 50.0ml
XYIENC ..o 50.0 ml
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(11) Grocott’s Methenamine Silver (GMS) (3 h
15min) (Luna 1968)

Specific for fungi. Useapositive control slide and acid-
cleaned glassware.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Oxidizein 4% chromic acid* - 1 h
4) Wash in tap water - few seconds
5) Place in 1% sodium bisulfite? - 1 min (to remove
any residual chromic acid)
6) Wash in running water - 5-10 min
7) Rinsein distilled water - 3-4 changes
8) Prepare methenamine silver nitrate stock® and
working* solutions
9) Impregnate with freshly mixed methenamine silver
nitrate working solution* in incubator or waterbath -
60 min at 58°-60°C or until section turns yellowish-
brown
10) Rinseindistilled water - 6 changes
11) Tonein 0.1% gold chloride® - 2-5 min
12) Rinseindistilledwater - 2min
13) Remove unreduced silver with 2% sodium
thiosulfate (hypo)® - 2-5 min
14) Wash thoroughly in tap water - 5 min
15) Counterstain in 0.2% light green SF yellowish’
(prepare fresh before use; tends to overstain)
- 30-45 sec
16) Dehydrate
17) Clear
18) Mount

Results (Fig. 8-10):

Fungi - sharply delineated in black

Mucin - taupe to dark gray

Inner parts of mycelia and hyphae - grayish rose
Background - pale green

Reagents:

4% chromic acid
Chromicacid........cocoevreieerireseeeeeee 4.0gm
DistilledWatES .....ccccveeeeeeceee e 100.0ml

Handle chromic acid with care.

219% sodium bisulfite
SodiumbBISUITITE ..o 1.0gm
DistilledWater ......oveeeeeeeeeeeeeeeeeeeeeeeeeeeeen 100.0 mi

3Methenamine silver nitrate stock solution
590 SHVEN NITFAEE ..o 50ml
3% MEthENAMINE .......vveeeeeeeeeeeeeee e 100.0ml

5% silver nitrate;

Silver nitrate........coeeveriveceecee 0.25gm

Distilled water .......cccceeeveeiieiiece e, 5.0ml
3% methenamine:

Methenaming .........cccccceeveeeeveieceece e 3.0gm

DidtilledWater ........ccoeeeeeeirereieereniees 100.0 ml

Refrigerate; clear solution remains usable for months.
Note: A white precipitateformsin the methenaminesilver
nitrate stock solution, but immediately dissolves upon
swirling.

“MethenaminesiIver nitrate working solution

Methenamine silver nitrate stock ................ 25.0 ml
Distilled Water ......cooeeeeeeieceeeeceee e 25.0 ml
S0 o (o] - G 2.0ml
5% borax (sodium borate):
BOraX ....cccvviiieiieieeeeee e 50gm
Distilled Water .......cccoevveeereciiecee e 100.0 ml

Note: Silver easily precipitatesondides. Kegpall solutions
away from metal, and coat forceps with paraffin before
immersing in Slver solution.

°0.1% gold chloride
1% goldchloride ........ccooeviiriniceeeee 10.0ml
Digtilledwater .........ccccvvvvveieieieeeee e 90.0ml
Refrigerate after preparation. Filter solution after useif
precipitatevisible.

Note: Gold chloride available from Sigme? cat. # G-
4022. Solution may be used repeatedly if clear yellow
after filtering.

62% sodium thiosulfate (hypo)
Sodiumthiosulfate........ccccovevecevviesiecesenee 20gm
DistilledWater ........ccovevireeeeenisesieeens 100.0 ml

70.2% light green SF yellowish
Light green SFyellowish ..., 0.2gm
DigtilledWater ........cccooerreienieiereiieeseieas 100.0 mi
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(12) Harris' Hematoxylin and Eosin, (HHE))
(Progressive) (1 h 30 min) (Johnson 1980)

General stain for tissues fixed in Zenker or Helly’s.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) StaininHarris' hematoxylin' - 2 min
4) Rinseindistilled water - 6 dips
5) 0.5% lithium carbonate? - 3 dips, approx. 30 sec,
or until sections turn blue (sections may turn blue
in slightly alkaline tap water without lithium
carbonate)
6) Rinse well in distilled water to eliminate lithium
carbonate - 2 min
7) 70%ETOH - 2min
8) Counterstainin aged eosin B® - 20 sec-2 min (may
vary with tissue and fixative used)
9) Dehydrate
10) Clear
11) Mount

Results:

Basophilic substances - blue
Acidophilic substances - pink
Reagents:

!Harris' hematoxylin

Note: Harris hematoxylin available from Newcomer
Supply’ cat. # 1201A.

20.5% lithium carbonate

Lithium carbonate ............ccoceoeieniicicnne 0.5gm

Digtilled Water ......ccceevveeveiececeee e 100.0 ml
*Eosin B

EOSINB ..o, 1.0gm

95% ETOH ....oooeiieiiciieeeeeeeseeeiea 100.0 ml
Age 1 mo.

Note: May use eosin Y (see p. 105) or eosin Y +
phyloxine B (see MHE stain, p. 113). Eosin B available
from Fisher Scientifice cat. # E-514-25.
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(13) Harris Hematoxylin and Eosin, (HHE,)
(Regressive) (1 h 10 min) (Johnson 1980)

General stain for tissues fixed in formalin, Bouin’s, or
Davidson’s.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Stainin Harris hematoxylin® - 8 min
4) Rinsein distilled water - 2 min (use fresh distilled
water for each rack)
5) Acid acohol?- 1 dip
6) 0.5% lithium carbonate® - 3 dips, approx. 30 sec,
or until sections turn blue (sections may turn blue
in slightly alkaline tap water without lithium
carbonate)
7) Rinseindistilled water - 3min
8) 70% ETOH - 3min
9) Counterstainineosin Y#- 3 min
10) 95% ETOH - 6 dips
11) Dehydrate
12) Clear
13) Mount

Results:

Basophilic substances - blue
Acidophilic substances - pink
Reagents:

Harris hematoxylin

Note: Harris hematoxylin available from Newcomer
Supply’ cat. # 1201A.

2Acid acohol
70% ETOH ..o 99.0 ml
Concentrated HC1 sp. gr. .19 .....cccveveieneee. 1.0ml

Handle HCI with care.

30.5% lithium carbonate
Lithiumcarbonate ..........ccceoeireicicinece 0.5gm
Distilled Water ........veeeeeeeeeeeeeeeeeeeeeeeeeeeee 100.0ml

‘EosinY

EOSINY o 1.0gm
DistilledWater ........cccoveveerirereeeeeee e 75.0ml
100% ETOH ..o 25.0ml

Just before use, add 1 drop concentrated HCI sp. gr.
1.19/200 ml of eosinY. Handle HCI with care.

Note: If precipitate forms and does not disappear with
stirring, eosin may stain too orange.
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(14) Harris Hematoxylin and Eosin, (HHE,) (10 min)
(Prophet et al. 1992)

Rapid hematoxylin and eosin procedure for frozen tissue.

Procedure:

1) Place freshly cut frozen tissues in alcoholic
formalin® - 15 sec
2) 70% ETOH - 10 dips
3) Rinsewell indistilled water - 1 min
4) StaininHarris hematoxylin? - 45 sec-1 min
5) Rinsewell indistilledwater- 1 min
6) 0.5% lithium carbonate® - 3 dips, approx. 30 sec,
or until sections turn blue (sections may turn blue
in slightly alkaline tap water without lithium
carbonate)
7) Rinse well in distilled water to eiminate lithium
carbonate - 1 min
8) Prepare stock*® and working® solutions
9) Counterstain in eosin Y-phloxine B working
solution® - 30 sec
10) Dehydrate
11) Clear
12) Mount

Results:;

Basophilic substances - blue
Acidophilic substances - pink

Reagents:

tAlcoholicformalin
37-40% formaldehyde..........ccccevevivnicniennee 10.0 ml
80% ethyl alcohol .........ccccceevrininice 90.0 ml

?Harris hematoxylin

Note: Harris hematoxylin available from Newcomer
Supply' cat. # 1201A.

30.5% lithium carbonate
Lithiumcarbonate ..........cccooveeeviiiieeieee 0.5gm
DistilledWatES .....ccccveeereeeeee e 100.0ml
41% eosin Y stock solution
EOSINY o 1.0gm
DistilledWater ......cocvveerieecee e 100.0 ml

51% phloxine B stock solution
PhlOXINEB ... 1.0gm
DidtilledWater .........covovverireieeni e 100 ml

Eosin Y-phloxine B working solution

19 E0SINY .. 100.0ml
1% phloXINEB .....eeeveeeecee e 10.0ml
95% ETOH ..o 780.0ml
Glacial acetic acid .....ooeeveveeriiciiie e, 4.0ml
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(15) Heidenhain’s Iron Hematoxylin and Eosin
(IHE) (1 h 30 min) (Conn et a. 1962)

Specific for nuclear detail. Good for ciliates.

Procedure:

1)
2)
3)

Deparaffinize

Hydrate to water

Prepare Lang's mordant stock® and working?
solutions

Placein Lang’s mordant working solution?- 10 min
Wash in running water - 5 min
Rinseindistilled water- 1 min

Prepare hematein stock?® and working* solutions or
hematoxylin stock® and working® solutions

Stain in hematein working solution* or aged
hematoxylinworking solution®- 10 min
Rinseindistilled water- 1 min

Destain in picric acid” until only nuclei remain
stained - 10-20 min (check with microscope)
Wash in running tap water - 5 min

Dehydratein alcoholsthrough 95% ETOH asusual
Counterstain in aged eosin B8 - 20 sec-2 min
Dehydrate

Clear

Mount

4)
5)
6)
7)

8)

9)
10)

11)
12)
13)
14)
15)
16)

Results:

Nuclei - black
Muscle - pink
Background - gray
Reagents:

1Lang’s mordant stock solution

Distilled Water .........ccoovvvveiririnereeenn 1000.0 ml
Glacia acetic acid .......ccovevevrereeerecene 10.0 ml
SUITUNC 8CId ... 1.2ml
Ferric ammonium sulfate ............ccccceervenene. 30.0gm
2|_ang's mordant working solution

Lang's mordant StockK ..........cceeeeririeneennnn 200.0ml
Dimethyl sulfoxide (DM SO) (Mitchell

LOB6) ...t 20.0 ml

Avoid DM SO contact with skin.
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%0.5% hematein stock solution (Farley 1988)
HEMELEIN ..o 1.0gm
Didtilled water 200.0 ml

“Hematein working solution (Mitchell 1966)

0.5% hematein StocK ........cccccevveeeiicieiieenens 10 parts
Dimethyl sulfoxide (DM SO)........cccceevevevennne 1 part
Avoid DM SO contact with skin.
*Hematoxylin stock solution (Lillie 1965)
100% ETOH .....coveveeeieeeceeeee e 100.0 mi
HematoXylin .........cccoveveieirceeeece e 10.0gm
Age 4-6 wk before use.
SHematoxylinworking solution
Distilled Water .......ccooveerereeeresereienns 190.0 ml
Hematoxylin StOCK........ccoovvireiecieriiesiceine 100 mi
DMSO ..ot 20.0 ml

Avoid DM SO contact with skin.

Note: Both hematein and hematoxylin are included for
above procedure for Heidenhain's iron hematoxylin.
Hematoxylin stock takes 4-6 wk to ripen, while hematein
may be used immediately. Do not contaminate
hematoxylin with mordant; stain will becomeineffective.
DM SO isacarrier that will allow other chemicalsto
penetrateskin.

"Picric acid (saturated aqueous)
Didtilled water
PICHCaCtid ..o 20gm

Note: Saturated solution of picric acid available from
Fisher Scientific® cat. # CS-311-1.

8Eosin B
EOSINB ..ot 1.0gm
95% ETOH ..o 100.0 mi
Age 1 mo.

Note: Eosin B available from Fisher Scientifice cat.
# E-514-25.



(16) Mallory’s Hematein (1 h) (Lillie 1965)

Specific for copper and other metals. Use a positive
control test dide.

Procedure:

1) Deparaffinize
2) Hydratetowater, but do not permit slidesto remain
inwater (may interferewith copper reaction)
3) Prepare hematein stock! and working? solutions
4) Staininhemateinworking solution?-5min
5) 0.5% lithium carbonate® - 3 dips, approx. 30 sec, or
until sections turn blue (sections may turn blue in
dightly alkalinetap water without lithium carbonate)
6) Rinseindistilledwater- 1 min
7) Counterstainin 1% safranin O*- 2 min
8) Washin running tap water - 2min
9) Destainin 1 part 100% ETOH to 9 parts butanol -
1-6 dips (C.A. Farley, NOAA, Oxford, MD, pers.
commun. 1980)
10) Butanol - 2min
11) Butanol - 5min
12) Clear
13) Mount

Results(Fig. 8-11):

Heavy metals, e.g., copper - blue-black
Background - bright red

Reagents:

10.5% hematein stock solution (Farley 1988)

HEMELEIN ... 1.0gm

Distilled Water ........cccoovviveierenineeeeeiens 200.0 ml
2Hematein working solution (Mitchell 1966)

0.5% hematein StocK .........ccceevveeieieceennenne. 10 parts

Dimethyl sulfoxide (DMSO) ........ccceevvvrenneneee 1 part

Prepare immediately prior to use. Will not keep after
DMSO is added. Avoid DM SO contact with skin.

Note: Do hot contaminate hematein; adark color change
will indicatestainisnolonger usable. DM SO isacarrier
that will allow other chemicalsto penetrate skin.

30.5% lithium carbonate
Lithium carbonate...........cccoovveneininincnce, 0.5gm
DistilledWater ......ccoveevieeeiiecee e 100.0 ml

41% safranin O (Conn et a. 1962)
SAfranNiNO ..o 1.0gm
Distilled Water .......ccvvveereeieieeecee e 100.0 mi
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(17) Mallory’s Trichrome (1 h) (Pauley 1967)

Specificfor collagen and connectivetissue. Useapositive
control test slide.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Stainin 0.5% acid fuchsin® - 7 min
4) Wash intap water - 2 dips
5) Blot dide well
6) Stain in aniline blue-orange G? - 15 min (fixative
specific)
7) Washintap water - 2 quick dips
8) Transfer to several changes of 95% ETOH - quick
dips
9) Dehydrate quickly to prevent loss of aniline blue
10) Clear
11) Mount

Results (Fig. 8-12):

Collagenfibers- intenseblue (al so reticulum - pal e blue)
Elastic fibers - pale pink, pale yellow, or unstained
Muscle - red, purple, or blue (depending on specimen)
Erythrocytesand myelin - yellow

Nuclei - red

Reagents.

10.5% acid fuchsin
ACIA FUCNSIN ..o 0.5gm
DigtilledWater .......cccovevviieiereieeceeesene 100.0 ml

For best results, age several days.

For tissuesfixedinformalin or Davidson's (Johnson 1980)

2Anilineblue-orange G
Dissolve in order:
Anilineblue ..o 0.5gm
Orange G......cooviiiireeiesesee e 20gm
Phosphomolybdicacid .........c.cocevvieininicnnne 1.0gm
DidtilledWater .......ccovvririreeresceeee 100.0 ml
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For tissues fixed in Zenker or Helly's (Johnson 1980)

2Anilineblue-orange G
Dissolve in order:
ANilineblUE ..o 0.5gm
OrangeG....oooviecee e 20gm
Phosphotungsticacid..........cccecevieeveeieeiieniene 20gm
DidilledWater .......ccovvvvereieeeecereeeee 100.0 ml
Glacia acetic aCid.......cooveveereriereseeene 2 drops



(18) Malt Periodic Acid Schiff (MPAS) (2 h 20 min)
(Lillie1965)

Specific for digestion of glycogen, neutral mucopoly-
saccharides and PAS-positive substances other than
glycogen. Test Schiff reaction before staining process.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Immersein 0.1% diastase malt* - 1 h at 40°C
4) Wash well in running tap water - 10 min
5) Rinseindistilled water-1min
6) Oxidizein 1% periodic acid? at roomtemp. - 5min
7) Wash in running tap water - 5 min
8) Rinsein distilled water - 1 min (tap water will
contaminate and cause discoloration of Schiff)
9) Blot well, stain in refrigerated Schiff reagent® - 5
min
10) Washwell inrunning tap water - 10 min
11) StaininHarris hematoxylin®-2min
12) 0.5% lithium carbonate® - 3 dips, approx. 30 sec,
or until sections turn blue (sections may turn blue
in slightly alkaline tap water without lithium
carbonate)
13) Rinse well in distilled water to eliminate lithium
carbonate - 2 min
14) Dehydrate
15) Clear
16) Mount

Results(Fig. 8-13):

Glycogen - digested

Neutral mucopolysaccharides - magenta

Other PAS-positive substances - pink to magenta
Nuclei and other basophilic substances- blue

Reagents:

10.1% diastase malt
Diastasemalt .......cccoooveveveieiieese e 0.2gm
Buffer, pH 5.5-6.0 .....ccccoveveveeieiicicee, 20.0ml
DistilledWaLEr .....ooveeeeiiee e 180.0 ml

Buffer for malt

Boilingdistilledwater ...........cccoovveneieneenn. 1000.0ml
Sodium phosphate monobasic

(NaH,PO, H,O) ...cooeveriiiciii, 1.97gm
Sodium phosphate dibasic (Na,HPO)) .......... 0.28gm

Note: pH 5.5t06.0. Add 1 thymol crystal when cool to
prevent mold, and refrigerate.

21% periodic acid (Drury and Wallington 1967)
Periodic aCid .......cooviveieerieeeee e 1.0gm
Distilled Water ..........cooveireiineiieiieeene 100.0 ml

3Schiff (Sanders 1972)

1) Boil 200 ml of distilled water

2) Add 1.0 gm of basic fuchsin and stir

3) Cool to 50°C (filter optional)

4) Add 20 ml of norma HC1 (916.5 ml of distilled
water and 83.5 ml of concentrated HC1 sp. gr. 1.19;
handle HCI with care)

5) Cooal to 25°C (room temp.)

6) Add 1.0 gm of sodium metabisulfite (Na,S,0,)

7) Shake vigorously

8) Store in dark until reagent turns a straw color -
approx. 2 days

9) Add approx. ¥2gm/200 ml charcoal; shake and filter

10) Keeprefrigerated at all times, even during staining
process, to prevent breakdown of Schiff

Note: Schiff reagent available ready-made from Poly
Scientific® cat. # S-272 very reliable. To make Schiff
reagent, we suggest using basic fuchsin (pararosaniling)
available from Fisher Scientific® cat. # F-98-10. It is
important to get a good “lot” of basic fuchsin. Discard
Schiff when it takes on purpletone; it will no longer stain
effectively. For best results, make separate 200-ml portions
and storein separate containers.

“Harris hematoxylin

Note: Harris hematoxylin available from Newcomer
Supply' cat. # 1201A.

50.5% lithium carbonate
Lithiumcarbonate .........cccceeevevveceececcecceene, 0.5gm
DidilledWater .......ccovvvvereieeeecereeeees 100.0 ml
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(19) Malt Periodic Acid Schiff-Alcian Blue
(MPAS-AB) (5 h) (McManus and Mowry 1960)

Specific for differentiation of acid and neutral
mucopolysaccharides. Test Schiff reaction beforestaining
process. Useapositive control test dlide.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Immersein 0.1% diastase malt* - 1 h at 40°C
4) Washwell inrunning tap water - 10 min
5) Rinseindistilledwater- 1 min
6) Oxidizein 1% periodic acid? at room temp. - 5min
7) Washin running water - 5min
8) Didtilledwater - 1 min (tap water will contaminate
and cause discoloration of Schiff)
9) Blot well, stain in refrigerated Schiff reagent® - 5
min
10) Washwell inrunning tap water - 10 min
11) StaininHarris hematoxylin®-2min
12) 0.5%lithium carbonate® - 3 dips, approx. 30 sec, or
until sections turn blue (sections may turn blue in
dightly akalinetap water without lithium carbonate)
13) Rinseindigtilledwater - 2 min
14) Stainin 0.1% alcian blue® (fixative specific; check
expiration date of stain) - 30 min
15) Washin running tap water - 1 min
16) 0.5% alcoholic ammonium hydroxide’ - 2 h
17) Washin running tap water - 1 min
18) Rinseindigtilledwater - 1 dip
19) Dehydrate
20) Clear
21) Mount

Results(Fig. 8-14):

Acid mucopolysaccharides- bright intense blue
Neutral mucopolysaccharides - magenta

PA S-positivetissue - pink to magenta
Glycogen - digested

Nuclei - blue

Reagents:

10.1% diastase malt
Diastasemalt .......ccovevireeinereeeeees 0.2gm
Buffer, pH 5.5-6.0 .....ccccccevveeeeie e 20.0ml
DidtilledWater .......ccoeeririieeeeseeeee 180.0 ml
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Buffer for malt (Lillie 1965)

Bailingdistilledwater ..........ccccooovveieennenne. 1000.0 ml
Sodium phosphate monobasic

(NaH,PO, H,O) ..covrriiriiiiiicisicis 197gm
Sodium phosphate dibasic (Na,HPO)) .......... 0.28gm

Note: pH 5.5t06.0. Add 1 thymol crystal when cool to
prevent mold, and refrigerate.

21% periodic acid (Drury and Wallington 1967)
Periodic aCid .......cooviveieerieeeee e 1.0gm
Distilled Water .........ccovvevereireniriereeens 100.0 ml

3Schiff (Sanders 1972)

1) Boil 200 ml of distilled water

2) Add 1.0 gm of basic fuchsin and stir

3) Cool to 50°C (filter optional)

4) Add 20 ml of norma HC1 (916.5 ml of distilled
water and 83.5 ml of concentrated HC1 sp. gr. 1.19;
handle HCI with care)

5) Cooal to 25°C (room temp.)

6) Add 1.0 gm of sodium metabisulfite (Na,S,0,)

7) Shake vigorously

8) Store in dark until reagent turns a straw color,
approx. 2 days

9) Add approx. ¥2gm/200 ml charcoal; shake and filter

10) Keeprefrigerated at all times, even during staining
process, to prevent breakdown of Schiff

Note: Schiff reagent available ready-made from Poly
Scientific® cat. # S-272 very reliable. To make Schiff
reagent, we suggest using basic fuchsin (pararosaniline)
available from Fisher Scientific® cat. # F-98-10. It is
important to get a good “lot” of basic fuchsin. Discard
Schiff when it takes on purpletone; it will no longer stain
effectively. For best results, make separate 200-ml portions
and storein separate containers.

“Harris hematoxylin

Note: Harris hematoxylin available from Newcomer
Supply' cat. # 1201A.

50.5% lithium carbonate
Lithiumcarbonate ........ccccevevevveveececcecceenee, 0.5gm
DistilledWater .......ccovvveveieicececeeeeen 100.0ml



For tissues fixed in Zenker or Helly's (Johnson 1980)
60.1% alcian bluein 0.01 M HCI (pH 2.2)

Alcianblue8GX ... 1.0gm
INHCL o 10.0ml
DistilledWater .......ccceovriiireeieeseeee 990.0 ml

Handle HCI with care.

For tissuesfixedin formalin or Davidson's (Johnson 1980)
60.1% alcian blue in 3% acetic acid

Alcian blue 8GX ......ccoeviriiirreee 0.1gm
DistilledWALES ...ccocveeeeeeeee e 97.0ml
Glacial acetiC aCid.......coooveeeeeeeeeeeeee e 3.0ml

0.5% al cohalic ammonium hydroxide (Johnson 1980)
Ammonium hydroxide...........ccooeeeinirenciennens 3.0ml
95% ETOH ... 597.0ml
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(20) Mayer’'sHematoxylin and Eosn (MHE) (1h 10 min)
(Luna 1968)

General stain for formalin-fixed tissue.

Procedure:

Routine histology
1) Deparaffinize
2) Hydrate to water
3) Stainin aged Mayer’'s hematoxylin® - 5 min
4) Rinseindistilled water - 2 min
5) 0.5% lithium carbonate? - 3 dips, approx. 30 sec,
or until sections turn blue (sections may turn blue
in slightly alkaline tap water without lithium
carbonate)
6) Rinse well in distilled water to eliminate lithium
carbonate - 2 min
7) 70% ETOH - 3 min
8) Prepare eosin Y-phloxine B stock® and working*
solutions
9) Counterstain in eosin Y-phloxine B working
solution*- 3 min
10) 95% ETOH - 6 dips
11) Dehydrate
12) Clear
13) Mount

Laser capture microdissection (LCM) (V. Espina, NIH,
Bethesda, MD, pers. commun. 2004)

1) Deparaffinize

2) Hydrateto water

3) Staininaged Mayer’s hematoxylin® - 30 sec

4) Rinsein distilled water - 2 changes, 15 sec each

5) 70% ETOH - 15 sec

6) 95% ETOH - 2 changes, 15 sec each

7) 100% ETOH - 2 changes, 15 sec each

8) Clear

9) Airdry andexamine

Results(Fig. 8-15):

Basophilic substances - blue
Acidophilic substances - pink

Reagents:

Mayer’s hematoxylin
Dissolve in order:

DidtilledWater ........cccoeviveinenereeeeee 1000.0 ml
Aluminumammoniumsulfate .............c......... 50.0gm
[ (= 01072 104V L1 o SO 1.0gm
CItNCACI ..o 1.0gm
Chloral hydrate (See NOte) .......ccvevvvreeeennne 50.0gm
Sodiumiodate ........ccceeveevieiieiere e 0.2gm

Age minimum of 1 wk. Filter before use. Storeswell
for months.

Note: Chlora hydrateinthe USA isacontrolled substance
that requires a special permit issued by the U.S.
Department of Justice, Drug Enforcement Administration.
A modified version of Mayer’shematoxylin availablefrom
Poly Scientific® cat. # S-216.

20.5% lithium carbonate

Lithiumcarbonate ...........ccoeeveveiecececeee 0.5gm
DistilledWater ........covvvereeeeerereeeeen 100.0ml
3Eosin Y-phloxine B stock solution
O5% ETOH ... 877.5ml
Y= 015 ] I RS 112.5ml
1% phloXiNEB ......cccovvieeeeece e, 11.25ml
1%eosinY:
05 ] I A 1.0gm
Distilledwater .......cccoveveereieieieeeenn 100.0ml
1% phloxineB:
PhIOXINEB ... 1.0gm
Distilledwater ........cccooevriireniriieenen 100.0ml
“Eosin Y-phloxine B working solution
SLOCK SOIULTION ... 200.0ml
Glacia aceticacid......ccceevvveeeieieieeeee e 0.9ml
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(21) Oil Red O (ORO) (10 min) (Thompson 1966)

Specific for fat in frozen tissue.

Procedure:

1) Frozen sections, air-dried or fixed (if fixed, wash
out fixative)

2) Rinsein 49.5% isopropyl alcohol* - 2 dips

3) Prepareoil red O stock? and working® solutions

4) Sainin oil red O working solution® - 5 min

5) Rinsein49.5% isopropyl acohol* - 2 dips

6) Rinseindistilledwater-2min

7) StaininHarris hematoxylin® - 5 min

8) Wash in running tap water - 5 min

9) Mount in glycerin jelly® or Advantage mounting
medium (see Note)

Results(Fig. 8-16):

Fat - bright orange to red

Nuclei - blue
Reagents:
149.5% isopropyl a cohol
99% isopropyl alcohol .........cccoceiviieieiennnns 50.0 ml
Distilled Water ........ccoovveveieerrereeeeeesens 50.0 ml
20il red O stock solution (supersaturated)
Ol 160 O .. 0.5gm
99% isopropyl alcohol ........ccccoevereverienne. 125.0 ml
30il red O working solution (saturated)
Oil red O StOCK .....cveveeeieiesiesieeeeee e 12.0ml
DistilledWater ......ccvoveeeeeeeeereee e 8.0ml

Mix, allow solution to stand for 5min, and filter. Discard
when preciptate forms.

“Harris’ hematoxylin

Note: Harris hematoxylin available from Newcomer
Supply' cat. # 1201A.

GEEN ... 10.0gm

DigtilledWater ........ccceovevviieececeeeee e 60.0ml
Heat until gelatin is dissolved, then add:

(€ 1Yo/ 11 [ 70.0 ml

Thymo! ..o Severa crystals

Note: Advantage mounting medium available ready to
use from Innovex Biosciences® cat. # NB 300.
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(22) Periodic Acid Schiff, (PAS) with Weigert’s
Hematoxylin (1 h 15 min) (Lillie 1965)

Specific for neutral mucopolysaccharides, glycogen, and
fungi. Test Schiff reaction before staining process.

Procedure:
1) Deparaffinize
2) Hydrate to water
3) Oxidizein 1% periodic acid* at room temp. - 5min
4) Wash in running tap water - 5 min
5) Rinsein distilled water - 1 min (tap water will
contaminate and cause discoloration of Schiff)
6) Blot well, stain in refrigerated Schiff reagent? -
5 min
7) Washimmediately in running tap water - 10 min
8) Rinseindistilled water - 6 dips
9) Stain in Weigert's hematoxylin® - 30 sec
10) Washin running tap water - 6 dips
11) Rinseindistilled water - 6 dips
12) Dehydrate
13) Clear
14) Mount

Results(Fig. 8-17):

Neutral mucopolysaccharides- magenta

Fungi walls- magenta

Glycogen - magenta

PA S-positive substances - pink to magenta

Nuclei and other basophilic substances- blue-black

Reagents:

11% periodic acid (Drury and Wallington 1967)
Periodicacid.........ccoovreeveiiciees e 1.0gm
DigtilledWater .......ccoeeveriiiieeeesireeee 100.0 ml

2Schiff (Sanders 1972)

1) Boil 200 ml of distilled water

2) Add 1.0 gm of basic fuchsin and stir

3) Cool to50°C (filter optional)

4) Add 20 ml of norma HC1 (916.5 ml of distilled
water and 83.5 ml of concentrated HC1 sp. gr. 1.19;
handle HCI with care)

Cool to 25°C (room temp.)

Add 1.0 gm of sodium metabisulfite (Na,S,0,)

Shakevigorousy

5)
6)
7)

115

8) Store in dark until reagent turns a straw color -

approx. 2 days

Add approx. ¥2 gm/200 ml of charcoal; shake and
filter

Keep refrigerated at al times, even during staining
process, to prevent breakdown of Schiff

9)

10)

Note: Schiff reagent available ready-made from Poly
Scientific® cat. # S-272 very reliable. To make Schiff
reagent, we suggest using basic fuchsin (pararosaniline)
available from Fisher Scientific® cat. # F-98-10. It is
important to get a good “lot” of basic fuchsin. Discard
Schiff when it takes on purpletone; it will no longer stain
effectively. For best results, make separate 200-ml portions
and storein separate containers..

S\Weigert’shematoxylin

Solution a:
HematoXylin.........cccoveveieieceecece e, 1.0gm
95% ETOH......coviiieeeeeene e 100.0 ml

Solution b
Ferric chloride (FeCL, 6H,0).................. 25gm
Distilled Water .......ccoevveevieevieieeceeceecies 99.0 ml
HCL e 1.0ml

Prepare fresh before use, mixing equal parts of solutions
a and b immediately beforehand (stain does not keep
well). Handle HCI with care.

Note: In this procedure, work quickly; rinse slides in
running water to avoid overstaining and precipitation of
stain; acid-cleaned slideswill prevent stain precipitation.



(23) Periodic Acid Schiff, (PAS)) with Heidenhain’s
Hematoxylin (1 h 45 min) (Lillie 1965)

Specific for nuclear detail, fungi, glycogen, and neutral
mucopolysaccharides. Test Schiff reaction before staining
process.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Oxidizein 1% periodic acid* at roomtemp. - 5 min
4) Wash in running tap water - 5 min
5) Rinse in digtilled water - 1 min (tap water will
contaminate and cause discoloration of Schiff)
6) Blot well, stain in refrigerated Schiff reagent? -
5min
7) Rinseimmediately in running tap water - 10 min
8) Rinseindistilledwater - 6 dips
9) Mordant in 3% ferric ammonium sulfate® - 5 min
10) Wash in running tap water - 2 min
11) Prepare Heidenhain’s hematoxylin stock* and
working® solutions
12) Stain in aged Heidenhain's hematoxylin working
solution* - 2-5 min at room temp. (according to
intensity desired)
13) Differentiatein picric acid® until only nuclei remain
stained - 10-20 min (check with microscope)
14) Wash in running tap water - 2 min
15) Dehydrate
16) Clear
17) Mount

Results;

Neutral mucopolysaccharides- magenta

Nuclei and other basophilic substances - blue-black
PA S-positive substances - pink to magenta
Glycogen, collagen, reticulum, mucin - magenta

Reagents:

11% periodic acid (Drury and Wallington 1967)
Periodicacid........ccccoveveveiicieece e 1.0gm
DistilledWater ........coceovvvierereiresereee 100.0ml

2Schiff (Sanders 1972)
1) Boil 200 ml of distilled water
2) Add1.0gm of basic fuchsin and stir

3) Cool to50°C (filter optional)

4) Add 20 ml of normal HC1 (916.5 ml of distilled
water and 83.5 ml of concentrated HC1 sp. gr. 1.19;
handle HCI with care)

5) Cooal to 25°C (room temp.)

6) Add 1.0 gm of sodium metabisulfite (Na,S,0,)

7) Shake vigorously

8) Store in dark until reagent turns a straw color -
approx. 2 days

9) Add approx. ¥2 gm/200 ml of charcoal; shake and
filter

10) Keeprefrigerated at all times, even during staining
process, to prevent breakdown of Schiff

Note: Schiff reagent available ready-made from Poly
Scientific® cat. # S-272 very relidble. Tomake Schiff reagent,
we suggest using basic fuchsin (pararosaniline) available
from Fisher Scientifice® cat. # F-98-10. It isimportant to
get agood “lot” of basic fuchsin. Discard Schiff when it
takeson purpletone; it will nolonger stain effectively. For
best results, make separate 200-ml portions and store in
separate containers.

3% ferric ammonium sulfate
Ferric ammonium sulfate ...........ccccceevveneeee. 3.0gm
Distilled Water ......oeeeeeeeeeeeeeeeeeeee e 100.0 ml

“Heidenhain’s hematoxylin stock solution (Lillie 1965)
100% ETOH ..o 100.0 ml
HEeMatoXYliN......ccooiiieeeieee e 10.0gm

Age 4-6 wk before use.

SHei denhain’shematoxylin working solution

DidtilledWater .......cccoovvererenerereeeees 190.0 ml
Hematoxylin StOCK .....ccvvevvevecececceece e, 10.0 ml
Dimethyl sulfoxide (DMSO) .......cccceevrernennee. 20.0 ml

Avoid DM SO contact with skin.

Note: Do not contaminate hematoxylin with mordant;
stain will become ineffective. DM SO isacarrier that
will allow other chemicalsto penetrate skin.

SPicric acid (saturated aqueous)
DidtilledWater .......ccccvvereieecesereeeeee e 20.0 ml
PICriCaCid. ..o 2.0gm

Note: Saturated solution of picric acid available from
Fisher Scientific® cat. # CS-311-1.
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(24) Perls Prussian Blue (2 h) (Drury and Wallington
1967)

Specific for ferric iron. Use a positive control test slide
and acid-cleaned glassware.

Procedure:

1) Deparaffinize

2) Hydrate to water

3) Stain sectionsin fresh mixture of equal parts of 2%
potassium ferrocyanide! or 2% sodium ferrocyanide?
and 2% HC13 - 30-60 min (if longer period is used,
change solution after first 30 min)

4) Rinseindistilledwater - 1 min

5) Stain nuclei in 1% neutral red* - 3 min

6) Washinrunning tap water - 2 min

7) Dehydrate

8) Clear

9) MountinCanadaba sam (neutral mounting medium)

Results (Fig. 8-18):

Ferric iron - deep blue to green
Nuclei - red

Background - pink

Reagents:

12% potassium ferrocyanide

Potassium ferrocyanide ...........ccoveveveveenene. 20gm

Distilled Water .......cccovvveieieerinereeeeiens 100.0 mi
22% sodium ferrocyanide

Sodiumferrocyanide.........ccccceeveeveeieeneenieenee. 20gm

DigtilledWater .......cccovevvvviiieeieeceeeree 100.0 ml
2% HC1

Concentrated HC1 sp. gr. 1.19......ccevverinee 2.0ml

DistilledWater ......cccoveiriririeeecsesieeens 98.0 ml

Handle HCI with care.

41% neutral red
NeUtral red ........cceevveeeeere e 1.0gm
DigtilledWater .........cccoeveiineeniiireerees 100.0 ml

Note: Keep solutions away from metal to avoid
contamination. Acid fixatives and versenate
decalcification interfere with staining of iron (Drury
and Wallington 1967).
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(25) Protargol (2 days) (Lee et a. 1985)

Specific for cilia and ciliate organelles. Reproducible
resultsare difficult to attain. Use multiple control slides
with ciliatesand acid-cleaned glassware.

Procedure:

1) Place 1 drop of fresh culture medium containing
liveciliates directly onto slide coated with poly-L-
lysineor aminoakysilaneadhesive (seepp. 75-76)

2) In fume hood, place 1 drop of fixative on each
slide and fix overnight in double strength 1%
glutaraldehyde/4% formaldehyde (1G4F)! made
with artificial seawater adjusted to ambient salinity
of ciliates(place slides in ziplock bag to prevent
dehydration)

3) Drain1G4Ffixativefromdidesand postfixin Bouin's/
Davidson's fixative? - 2 h (for paraffin sections,
deparaffinize, hydrate, then postfix as above)

4) Drain and gently rinse until all yellow Bouin's
residue is removed

5) 50% ETOH - 1 min

6) 70% *“ -1min
7 9%% “ -1min
8) 100% “  -1min

9) Prepare collodion stock® and working* solutions

10) 0.5% collodionworking solution*- 1-2 dips

11) Drain

12) 70% ETOH - 5 dips

13) 50% ETOH - 3 dips

14) Rinseindigtilledwater - 2min

15) Immersein 0.5% potassium permanganate® - 5min

16) Rinseindistilled water - several changes

17) Immersein 5% oxalic acid® - 5 min

18) Rinseindistilled water - severa changes

19) Thoroughly clean copper stripsusing emery cloth or
other abrasive, or by flaming until red hot and
dropping into 95% ETOH; do not overheat ETOH
(very danger ous, could ignite; be ready to cover).
Place clean copper stripsdiagonally between dides

20) Cover dideswith 1% protargol”; pH should be 7.9-
8.6 (approx. 50 ml will cover didesplacedinal00-
ml coplin jar with dides placed back to back and
copper strips evenly dispersed). Impregnate
overnight at room temp.

21) Drainand immediately place in 4% hydroquinone®
-5min

22) Rinseindistilled water - 3min

23) Tonein 1% gold chloride® - 30 sec-1 min

24) Immediately placein 2% oxalic acid'® - 2 min

25) Rinseindistilled water - 5min

26) 5% sodium thiosulfate' - 5 min
27) Rinseindistilled water - 2min
28) Dehydrate

29) Clear

30) Mount

Note: Sheets of copper may be found in craft stores and
cuttodesred size. Copper stripsmust bethoroughly cleaned.

Results (Figs. 8-19, 8-20a, b):

Cilia- may stain black
Kinetids- black

Nucle - black

Cytoplasm - clear to lavender

Reagents:
11G4F double strength (see p. 63)
2Bouin’s/Davidson’s fixative (see p. 60)

%1% collodion stock solution
Parlodion (=collodion, cdloidin, nitrocellulose, cellulose
nitrate, PYroxylin) .......cccccevveieeveve e 1.0gm
100% Methanol .........cccovveeeereneneeeeeie 100.0 ml
Let stand until parlodion dissolves. Handle parlodion
with extreme caution; avoid strong impacts.

40.5% collodion working solution
1% collodion stock solution..........cc.cue...... 20.0ml
Methanol .........ccoeeeviiecececece e 20.0ml

50.5% potassium permanganate

Potassium permanganate.............cccceeeeeuennene. 0.5gm

Distilled Water .......cceovveveieeeneceseienns 100.0 ml
5% oxalic acid

OXaAliC aCId ..o 50gm

Digtilled Water .......ccccoevvvieerece e 100.0 ml

1% protargol (strong silver protein)
Protargol .......ccccveeeveieceeese e 1.0gm
DidtilledWater .......ccccevvvreiereiereereeseiens 100.0 mi
Sprinkle silver on surface of distilled water; let stand
until completely dissolved, about 1-2 h. Use fresh or

refrigerate. Never stir solution.

Note: Protargol available from Cell Point" cat. #30906
yieldsconsistent resullts.
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84% hydroquinone
Hydrogquinone ..........ccocveeeeenenenencese e 4.0gm
DistilledWater .......cccoeevevievvceeese e 100.0ml
Make fresh just before use; 4% is saturated solution.
Do not inhale hydroquinone powder.

91% gold chloride
Goldchloride........oovuirereirireeeeeeeee 1.0gm
DigtilledWater .........ccoovreiineeniiireereeas 100.0 ml

Keep refrigerated. Bring to room temp. before use.
Filter solution after useif precipitate visible.

Note: Goldchlorideavailablefrom Sigme? cat. # G-4022.
Solution may be used repeatedly if clear yellow after
filtering.

10206 oxalic acid
OXAICACI....ceeeeirieeee e 20gm
Distilled Water ........cceoveierieeiiecie e 100.0ml
1159 sodium thiosulfate
Sodiumthiosulfate.........ccccevveeeveieciece e 5.0gm
Distilledwater .........ccceovevreiereieeeeeeene 100.0ml
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(26) Toluidine Blue O, (TBO,) (30 min)

(Trump et a. 1961)

Specific for hemocytes.

Procedure:
1) Prepare dide with fresh blood
2) Place in 1% glutaraldehyde/4% formaldehyde
(1G4F)! made with artificial seawater adjusted to
ambient salinity - 2min
3) Washin running tap water - 1 min
4) Rinseindistilled water - 6 dips
5) Stainin 0.5% toluidine blue O? - 5 min
6) Washin running tap water - 6 dips
7) Destainin 1 part 100% ETOH to 9 parts butanol -
6 dips (C.A. Farley, NOAA, pers. commun. 1980)
8) Butanol - 2 min
9) Butanal - 4 min
10) Clear
11) Mount
Results:

Red blood cells- blueto green
Nuclei - blue
Granules- purple or blue

Reagents:

11GAF (see p. 63)

20.5% toluidineblue O

Toluidine blue O ......coeeevevviieieececeee 0.5gm
Borax (sodiumborate) .......ccccceveveieniiernnnne 0.5gm
DistilledWater .......cccovevvviiereeieeeecesee 100.0 ml

Heat gently to dissolve, then filter solution. Stable for
several months.
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(27) Toluidine Blue 0, (TBO,) (10 min) - Temporary
Slide(Liddell 1967)

General metachromatic stain for frozen tissues.

Procedure:

1) Stainin0.5% toluidine blue O! - 30 sec

2) Rinseindistilledwater-1min

3) Drainexcesswater

4) Mount in glycerin jelly? or Advantage mounting
medium (see Note)

Results (Fig. 8-21):

Nuclei - dark blue
Cytoplasm - pink to blue

Reagents:.

10.5%toluidineblue O
Toluidine blue O......ccoevviiiieccee 0.5gm
50% ETOH ....ocoeiieiiiiieeeeeeeseeeeens 100.0 ml
ACEICACIA.....ovieeeeee e few drops

Examinedidesimmediately; stain will fadeif allowed to
sitovernight.

2Glycerinjelly (Prophet et al. 1992)

GEELN oo 10.0gm

DistilledWater ......ccceoveeeieeiereieeee e 60.0 ml
Heat until gelatin is dissolved, then add:

GIYCEIN e 70.0 ml

Thymol ..o, severa crystals

Note: Advantage mounting medium available ready to
use from Innovex Biosciences® cat. # NB 300.
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(28) Von Kossa (2 h) (Sanders 1972)

Specific for calcium. Use a positive control test dide
and acid-cleaned glassware.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) Impregnatedidesin 5% silver nitrate! - 30-60 min,
exposed to direct sunlight (hi-intensity lampsnot as
effective asnatural sunlight)
4) Rinsein distilled water - 2-3 changes
5) 5% sodium thiosulfate? - 2-3 min
6) Rinseindistilledwater-2min
7) Stainnuclei innuclear fast red (Kernechtrot)® - 5min
8) Rinse well in distilled water - 6 dips (to prevent
formation of white precipitate)
9) Dehydrate
10) Clear
11) Mount

Results (Fig. 8-22):
Calcium salts - black
Nuclei - red

Cytoplasm - pink to rose
Reagents:

15% silver nitrate

SIVEr NItrate ....ocveeveeiececeee e 5.0gm

Distilled WALEN ........coeecveeirieieie e 100.0 ml
25% sodium thiosulfate

Sodium thiosulfate ...........ccoceveieieiiiiiciene 5.0gm

Distilled WaES .....cceeeeveeeieeeee e 100.0 ml

3Nuclear fast red (Kernechtrot)
5% aluminum sulfate (A1,(SO,),):

AL(SO,), coeeeieiieic e, 25.0gm

DigtilledwWater ..........ccvevreinrirreee 500.0 ml
0.1% nuclear fast red:

Nuclear fastred .........coooveieieieinenenees 0.5gm

5% AL,(SO,), wvvverrirerriiieiieisiei e 500.0ml

Note: Nuclear fast red (Kernechtrot) availableasaready to
use 0.1% solution from Poly Scientific® cat. # S248 or in

powder formfrom J.T.Bakere cat. # S635-01. Refrigerate;
stainisgood until it losescolor.
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(29) Ziehl-Nedlsen and Harris Hematoxylin (ZHH)
(1 h 45 min) (Farley 1965)

Specificfor acid-fast substances (e.g., hapl ogporidan spores,
microsporida, and Cryptosporidium oocysts). Use a
positive control test slide.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) StaininZiehl-Neelsen fuchsin! - 15min
4) Rinseindistilled water - 6 dips
5) Destainin 0.1 N sulfuric acid? - 10-15 min (time
varies with specific tissue)
6) Washinrunning tap water - 10 min
7) Stainin Harris hematoxylin® - 2 min
8) Rinseindistilled water - 6 dips
9) 0.5% lithium carbonate® - 3 dips, approx. 30 sec, or
until sections turn blue (sections may turn blue in
dightly alkalinetap water without lithium carbonate)
10) Rinse well in distilled water to eliminate lithium
carbonate - 5 min
11) Dehydrate
12) Clear
13) Mount

Results (Fig. 8-23):

Basophilic substances - blue

Acid-fast substances, including mature haplosporidan
sporoplasms, lipofuscins, acid-fast bacteria, and
Cryptosporidium oocysts - bright red

Reagents:

1Ziehl-Neelsen fuchsin (Gray 1954)

Basicfuchsin (magenta) ..........ccceevvveeeevieenene 1.0gm
Phenol (liquefied) ..o, 50ml
90% ETOH ..o 10.0ml
DistilledWater .......cccovevvviiiereieeceeeree 100.0 ml

1) Infumehood, grind fuchsin with phenol inamortar

2) When dissolved, add alcohol in 10 successive |ots
whilegrinding

3) Wash stain from mortar with ten 10-ml washings of
distilled water

4) Saveandfilter accumulated washings

Note: Basicfuchsin (pararosaniline) availablefrom Fisher
Scientific® cat. # F-98-10.

?0.1 N sulfuric acid (H,SO,)
Distilled Water ..o 997.2ml
H,SO, sp. gr. 1.84 ..o, 2.8ml

SHarris hematoxylin

Note: Harris hematoxylin available from Newcomer
Supply cat. # 1201A.

40.5% lithium carbonate
Lithium carbonate..........ccccoovveneieneniiee 0.5gm
Distilled Water ......cvveeeeeeeee e 100.0ml
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(30) Ziehl-Nedlsen and Methylene Blue (1 h 30 min)
(Luna 1968)

Specific for acid-fast organsims and acid-fast bacteria
(AFB). Use apositive control test slide.

Procedure:

1) Deparaffinize
2) Hydrate to water
3) StaininZiehl-Neelsen fuchsin® - 15 min
4) Rinseindistilledwater - severa dips- (approx. time)
1min
5) Destainin 0.1 N sulfuric acid? - 10-15 min (time
varies with specific tissue)
6) Washinrunning tap water - 10 min
7) Rinseindistilled water - 3dips
8) Prepare methylene blue stock® and working*
solutions
9) Counterstain in methylene blue working solution®
- dip quickly (stains quickly, depending on tissue)
10) Wash in running tap water - 5 min
11) Dehydrate
12) Clear
13) Mount

Results (Fig. 8-24):

Background - pale blue

Acid-fast substances, including mature haplosporidan
sporoplasms, lipofuscins, and acid-fast bacteria -
bright red

Reagents:

1Ziehl-Neelsen fuchsin (Gray 1954)

Basicfuchsin (magenta) ........ccccccevvveceevieenenne. 1.0gm
Phenol (liquefied) ....ovoveeeeececececceeeee, 50ml
90% ETOH ..o 10.0ml
DigtilledWater .......cccovevrvrereeeeece e 100.0 ml

1) Infumehood, grind fuchsin with phenol inamortar

2) When dissolved, add acohol in 10 successive lots
while grinding

3) Wash stain from mortar with ten 10-ml washings of
distilled water

4) Saveandfilter accumulated washings

Note: Basicfuchsin (pararosaniline) availablefrom Fisher
Scientifice® cat. # F-98-10.

?0.1 N sulfuric acid (H,SO,)

DigtilledWater ........cccoooveeeveireieereseeeen, 997.2 ml
H,SO, sp. gr. L84 ... 2.8 ml
3Methyleneblue stock solution
Methyleneblue...........cccoveveiiiiciecececee, 1.4gm
95% ETOH ..o 100.0 ml

“Methylene blueworking solution
MethyleneblueStock ..........ccocoveieiieiencnienee. 10.0ml
Digtilledwater .........cccccevvveeeieieiieeee e 90.0ml
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C. Problemsand Resolutions

Table 8-4 (pp. 127-128) includes some problems or
artifactsresulting from staining, aswell assome means of
resolving them.

D. Footnotes

aSigma, P.O. Box 14508, St. Louis, MO 63178-9916.
(800) 325-3010. www.sigma-adrich.com

Poly Scientific R&D Corp., 70 Cleveland Ave., Bay
Shore, NY 11706. (516) 586-0400. www.polyrnd.com
cJ.T. Baker, 222 Red School Lane, Phillipsburg, NJ
08865. (800) 582-2537. www.jtbaker.com

dEMD ChemicalsInc., 480 S. Democrat Road, Gibbstown,
NJ08027. (800) 222-0342. www.emdchemicals.com
eFsher Scientific, 3970 Johns Creek Court, Suwanee, GA
30024. (800) 766-7000. www.fishersci.com
‘Newcomer Supply, 2217b Parview Road, Middleton, WI
53562. (800) 383-7799. www.newcomersupply.com
9 nnovex Biosciences, 4505 MacDonald Ave., Richmond,
CA 94805. (800) 622-7208. www.innvx.com

"Cell Point Scientific, 9210 Corporate Blvd. Suite
220, Rockville, MD 20850. (800) 999-9734.
www.cel | pointscientific.com
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TABLE 8-4. Staining problemsand resolutions.

Problem or artifact

Possible causes

Solution, if any

Tissueshavegreasy, oily appearance.

Tissuesappear dull and whitish after
using nuclear fast red.

Iron reaction does not work on control
dide.

Silver precipitateson dides.

Reactions faded on selected special
stains.

Sections will not take stain, or stain
irregularly.

Alcian blue not distinct.

Schiff reagent nonspecific on tissues
fixed in 1% glutaraldehyde/4%
formaldehyde (1G4F).

Tissues not completely dehydrated.
Water not miscible with xylene;
therefore, tissues will not accept
xylene. Large amounts of water
cause whitish scum on tissues.

Excess nuclear fast red remains in
tissue.

Solutions contaminated.

Dirty didesor contaminated solutions.

Slides left in water for extended
time.

Paraffin not completely removed
before staining. Section not uniform
in thickness. Tissue “old” (long
storage in alcohol or, worse, in
fixative). Fixative not suitable for
staining technique. Fixativenot fully
removed.

Date of stain expired.

If fixed with glutaraldehyde base,
fixative was inadequately removed
before processing tissue.

Schiff has become inactive or taken
on too much moisture.
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Taketissuesback to 100% ETOH (or
dehydrant used in staining protocol)
and redehydrate; use new reagents
to clear before trying to coverdlip.

Rinse dlides well in distilled water
before dehydration.

Avoid metal racks or forceps. Use
acid-cleaned glassware.

Useacid-cleaned didesand glassware
(critical) and change solutions
frequently; avoid meta contamination.

Occasionally check and adjust pH of
ditilled and tap water to requirements
of specia stains.

Return sections through proper
sequence of reagents; leavein xylene
until paraffin is removed. Restain.
Change xylene frequently. Return
sections through proper sequence of
reagentsto water. Wash overnight and
restain. Store tissues in paraffin
blocks—never store in liquids for
extended time. Mordant sections in
recommended fixative.

Check pH of stain and adjust if
necessary. Usetest dlidebeforemain
staining run.

Wash tissues well to remove excess
glutaraldehyde before processing.
May try an aldehyde blocking agent.

Make or purchase new reagent; color
isoftenindicative of stain’s potency.
Best results are obtained with a
peach-straw color.

Note: A dlight purple tint indicates
stain to be ineffective. Always use
testdide.



TABLE 8-4. Staining problemsand resolutions(cont.).

Problem or artifact

Possible causes

Solution, if any

Hematein in Heidenhain's iron
hematoxylin cloudy, not clear.

Yellow, water-spotted appearance of
stain on dideafter using picromethyl
blue.

Loss of picric acid in picromethyl
blue.

Protargol does not stain cilia and
ciliate organelles. Protargol-stained
tissuesfall off dlides.

Tissuefalls off dlide.

Hematoxylin and eosin staintakeson
abrown or yellow appearance.

Feulgenreactionoverstains.

Contamination with the mordant.

Too much butanol carryover into
xylene.

Too much ETOH usedindehydration.

ThepH can affect slides. Make sure
that slides are coated with collodion
before staining.

(1) Moisture left under tissue. (2)
Tissue did not dry flat. (3) Swollen
tissue; does not hold together well.
(4) Tissues difficult to cut (hard,
brittle); do not hold together well. (5)
Effect of stain too harsh on tissue.
(6) Alkalinereagentsdissolveabumin
adhesive; sectionsstart to work loose
in course of staining or dehydrating.
(7) Using heat to speed reaction time
is usually hard on tissue. (8) Slide

dirty or greasy.

Picric acid contamination in alcohol
or xylene containers.

Tissue fixed in glutarddehyde-based
fixatives.
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Take care not to expose hematein
directly to mordant. If using solution
more than once, color change from
brown to brown-black will indicate
contamination.

Changexylenefrequently if staining
alarge number of dlides.

Use1:9ratioof 100% ETOH tobutanol;
tissues can be destained with acid
acohol and restained with picromethyl
blueif color not green enough.

Common complaint. Reproducible
results are difficult to attain with
protargol; however, most effective pH
for strong slver solutions is 7.9-8.6.
Many strong silver stains are not
religble. Protargol is recommended.
Gold chloride must be clear of

precipitate; filter if necessary.

(1) Dry slides adequately before
gaining. (2) Spreadtissuefoldsbefore
dryingtissue. (3) Coat suspectedloose
tissuedideswith collodion after second
100% ETOH (except when using
acian blue). (4) For hard or brittle
tissues, useextended stainingtime. (5)
Useadlternative stain. (6) Coat dlides
with poly-L-lysine; dry completely
before staining. (7) Stain overnight
in solution instead of 1 h at 60°C.
(8) Clean dlides before coating with
adhesive.

Hydratetissuesand restain. Refresh
dehydrating and clearing agents.

Wash tissues for extended period of
time (at least 4-6 h) before embedding
and use aldehyde blocker before
gaining.



Figure 8-1. Alcian Blue (AB).
Specific for acid mucopolysaccharides.

Tissue: Acid mucopolysaccharides in
epidermis of blue crab Callinectes
sapidus fixed in Bouin’s.

Results:

Acid mucopolysaccharides- brilliant blue

Nuclei - bright red or shades of blue

Background - pink to red

Other basophilic substances - various
shades of blue or purple

Other cytoplasmic elements - shades
of pink

Figure 8-2. Alizarin Red S (ARS).
Specific for calcium and chitin.

Tissue: Chitin from mud crab fixed in
Davidson’s.

Results:
Calcium salts and chitin - intense
reddish-orange

Figure8-3. Alizarin Red S (ARS).
Specific for calcium and chitin.

Tissue: Partidly decacified shell from soft
clam Mya arenaria fixed in Davidson's
and embedded in glycol methacrylate.

Reaults:
Calcium salts- intense reddish-orange
Background - pale green (when
counterstained with light green SF
yellowish)




Figure 8-4. Azure-eosin/Giemsa,
(AZE)).

Specific for blood smears fixed in
methanol.

Tissue: Fish blood smear (erythrocytes
and leukocytes) fixed in methanol.

Results:
Nuclei and basophilic substances- blue
Cytoplasm and acidophilic substances
- pink

Figure 8-5. Feulgen Picromethyl
Blue (FPM).

Specificfor DNA, collagen, and connective
tissue.

Tissue: Connective tissue of oyster
Crassogtrea virginica fixed in 1G4F.

Results:
DNA - red
Nucleoli, muscle, and other acidophilic
substances - yellow
Connectivetissue, collagen - blue
Cytoplasmic protein - green

Figure 8-6. Feulgen Picromethyl
Blue (FPM).

Specificfor DNA, collagen, and connective
tissue.

Tissue: Gill of oyster Crassostrea
virginica fixed in 1G4F.

Results:
DNA - red
Nucleoli, muscle, and other acidophilic
substances - yellow
Connectivetissue, collagen - blue
Cytoplasmic protein - green




Figure8-7. Gomori’s.
Specific for connective tissue, reticulum.

Tissue: Tubules and ducts of digestive
gland of oyster Crassostrea virginica
fixed in Davidson's.

Results:
Reticulum fibers - black
Collagen - rose
Other tissue elements - pink to red

(Slide courtesy of Sue Tyler, Maryland
Dept. Natural Resources, Oxford, MD.)

Figure8-8. Gram (Brown and
Brenn 1931).

Specific for gram-positive and gram-
negative bacteria.

Tissue: Crab hepatopancreasinjected with
Aerococcus viridans (gaffkemia)

Results.
Gram-positive- blue
Gram-negative- red
Nuclei - red
Background - yellow to green (depending
on counterstain)

Figure8-9. Gram (Brownand
Hopps 1973).

Specific for gram-positive and gram-
negative bacteria.

Tissue: Rickettsia-like organisms(RLOs)
in Gl tract of oyster Crassostreavirginica
fixedin Davidson's.

Results:
Gram positive - blue
Gram negative - red to purple
Background - yellow to green (depending
on counterstain)
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Figure8-10. Grocott’s
Methenamine Silver (GMYS).
Specific for fungi.

Tissue: Fungi in muscle of fish fixed in
10% neutral buffered formalin.

Results:
Fungi - sharply delineated in black
Mucin - taupe to dark gray
Inner parts of mycelia and hyphae -
grayish rose
Background - pale green

Figure 8-11. Mallory’s Hematein.
Specific for copper and other metals.

Tissue: Digestive diverticula of oyster
Crassogtreavirginicafixedin Davidson's.

Results:
Heavy metals, e.g., copper - blue-black
Background - bright red

Figure8-12. Mallory’sTrichrome.
Specific for collagen and connective
tissue.

Tissue: Mantle of oyster Crassostrea
virginica fixed in Davidson's.

Results:

Collagenfibers- intense blue (also
reticulum - pale blue)

Elastic fibers - pale pink, pale yellow,
or unstained

Muscle- red, purple, or blue (depending
on specimen)

Erythrocytesand myelin - yellow

Nuclei - red




Figure8-13. Malt PeriodicAcid
Schiff (MPAS).

Specific for digestion of glycogen, neutral
mucopolysaccharides, and PAS-positive
substances other than glycogen.

Tissue: Gut of blue crab Callinectes
sapidus fixed in Bouin's.

Results:

Glycogen - digested

Neutral mucopolysaccharides-
magenta

Other PAS-positive substances - pink
to magenta

Nuclei and other basophilic substances
- blue

Figure8-14. Malt PeriodicAcid
Schiff-Alcian Blue (MPAS-AB).
Specific for differentiation of acid and
neutral mucopolysaccharides.

Tissue: Gut of blue crab Callinectes
sapidusfixedinBouin's.

Reaults:
Acid mucopolysaccharides - bright
intense blue
Neutral mucopolysaccharides- magenta
PAS-positivetissue - pink to magenta
Nuclei - blue
Glycogen - digested

Figure 8-15. Mayer’'s Hematoxylin
and Eosn (MHE).
General stainfor formalin-fixed tissues.

Tissue: Gonad and digestive diverticula
of oyster Crassostrea virginica fixed in
1G4F.

Results:
Basophilic substances - blue
Acidophilic substances - pink




Figure8-16. Oil Red O (ORO).
Specific for fat in frozen tissue.

Tissue: Frozen tissue of soft clam Mya
arenaria fixed in methanol.

Results:
Fat - bright orangeto red
Nuclei - blue

Figure8-17. PeriodicAcid Schiff,
(PAS) withWeigert’s Hematoxylin.
Specificfor neutral mucopolysaccharides,
glycogen, andfungi.

Tissue: Gut of blue crab Callinectes
sapidusfixedin Bouin's.

Results:

Neutral mucopolysaccharides- magenta

Fungi walls- magenta

Glycogen - magenta

PAS-positive substances - pink to
magenta

Nuclei and other basophilic substances
- blue-black

Figure8-18. Perls Prussian Blue.
Specific for ferric iron.

Tissue: Fish spleen fixed in 10% neutral
buffered formalin.

Results:
Ferriciron - deep blueto green
Nuclei - red
Background - pink




Figure8-19. Protargol.
Specific for ciliaand ciliate organelles.

Tissue: Sectionsof ciliate xenomafrom
gill of oyster Crassostrea virginica fixed
in 1G4F and postfixedin Bouin's.

Results:
Kinetids - black
Nuclei - black

Cilia- may stain black
Cytoplasm - clear to lavender

Figure8-20a, b. Protargol.
Specificfor ciliaand ciliate organelles.

Tissue: Live ciliates fixed in 1G4F and
postfixed in Bouin's.

Results:
Kinetids - black
Nuclei - black

Cilia- may stain black
Cytoplasm - clear to lavender

Figure 8-21. Toluidine Blue O,

(T BOZ).

Genera metachromatic stain for frozen
tissues.

Tissue: Cross-section of frozen menhaden.
Results:;

Nuclei - dark blue
Cytoplasm - pink to blue
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Figure 8-22. Von Kossa.
Specific for calcium.

Tissue: Decalcified shell of soft clam
Mya arenaria fixed in Davidson’'s and
embedded in glycol methacrylate.

Results:
Calcium salts - black
Nucle - red
Cytoplasm - pink to rose

Figure 8-23. Ziehl-Neelsen and
Harris Hematoxylin (ZHH).
Specific for acid-fast substances (e.g.,
hapl osporidan spores, microsporida, and
Cryptosporidium oocysts).

Tissue: Seaside organism (SSO) spores
in connectivetissue of oyster Crassostrea
virginica fixed in Davidson’s.

Results:
Basophilic substances - blue
Acid-fast substances, including
mature haplosporidan sporoplasms,
lipofuscins, acid-fast bacteria, and
Cryptosporidium oocysts -
bright red

Figure8-24. Ziehl-Neelsen and
Methylene Blue.

Specific for acid-fast organismsand acid-
fast bacteria (AFB).

Tissue: AFB in muscle of striped bass
Morone saxatilus. (Specimen courtesy of
John Jacobs, NOAA, Oxford, MD.)

Results:
Background - pale blue
Acid-fast substances, including
mature hapl osporidan sporoplasms,
lipofuscins, and acid-fast bacteria-
bright red
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CHAPTER 9. COVERSLIPPING

A. Introduction

Individual techniques of coverdlipping tissues may vary
from technician to technician. Exactly how to hold the
dideor coverdipwill vary with one’ sdexterity and comfort.
However, the basic procedure is smple. Once tissues
have been stained, dehydrated, and placed in xylene, they
are ready to be coverdipped for permanence. Coverdip
and clean all slides under afume hood.

B. Toolsand Techniques

Materials needed are: (1) fume hood, (2) good light,
(3) coverslip, (4) probe (straight), (5) paper towels,
(6) large Kimwipes (available from Fisher Scientific?
cat. # 06-666C), and (7) mounting medium.

Begin by removing slidessingly in numerical order. The
frosted, coded side of the slide should face up. With a
lint-free tissue (Kimwipes?), remove excess xylene from
front and back of dide (Fig. 9-1), and place one drop of
mounting fluid on the tissue on slide (Fig. 9-2). Choose
the proper size coverdlip, place edge of coverdip at an
angleto the bottom edge of dide, and gradually lower onto
the dlide so that the mounting fluid flows evenly from
bottom to top (Fig. 9-3). Do not drop the coverdlip onto
the slide because thiswill usually trap air bubbles under
the coverdlip. Work swiftly; tissuesthat dry out will take
on adark burnt appearance.

Once the coverdip is attached, blot edges of dide on a
paper towel and examine for occasiond air bubbles. If
present, gently lead bubble to the edge, out from under
coverdip, using aprobe (Fig. 9-4). Thisprocedure should
be donequickly, precisaly, and with careto prevent damage
tothetissue. Placethedideonaflat tray (Fig. 9-5) witha
temporary label showing code, stain, and date of
coverdipping. Slidesarethen placed in adrying oven set
at 38-42°C for 2-5 days to alow mounting medium to
harden (Fig. 9-6).

After mounting medium hardens, slide can be cleaned,
labeled, and filed for examination. Using asingle-edged
razor blade, gently but firmly removeall excessmounting
medium from around the coverdlip (careful not to nick
coverslipwithrazor blade). Brush off loosened mounting
medium and, infume hood, dip dideinxyleneand gently
wipe clean. When al slides have been cleaned, they
should be arranged in the correct series and numerical
order.

Label dides on etched/frosted end with pertinent codes,
including stain and date fixed, with afinetip water- and
solvent-resistant pen or permanent marker.

C. Problemsand Resolutions

Table 9-1 includes some problems or artifacts resulting
from coverdipping, as well as some means of resolving
them.

e Coverdips range in size, shape, and thickness. For
general purpose, use 24 x 40 mmor 24 x 50 mm at a
#1 thickness. Whole mounts should usea#2 thickness.

* Once opened, keep the coverslips out of high humidity
areas since they will stick together and the moisture
will interferewith the xylene during mounting.

D. MountingMedia

1. Resins
a. Canada Balsam

Canadabasamisanatural resin. It preserves stain color
but takes longer to dry and has avery strong odor. This
mountant isrecommended for some stains, such as Perls
Prussian blue or basic aniline dyes, because they tend to
fadequickly.
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b. Synthetic Resins

Theseresinsareroutinely used for most stains. Although
avariety is available, Permount (available from Fisher
Scientific? cat. # SP15-100) isrecommended. Synthetic
resinsareeasier to work with, sincethey dry more quickly
and requirelessthinning.

2. AqueousMedia

Glycerinjelly or Advantage agueous mounting mediamay
be used to directly mount tissues from aqueous stains.
However, these preparations are not permanent and will
dry out. To preserve stained sections, seal edges of
coverdipwith clear fingernail polish oncedideshavedried.

a. Glycerin Jelly

Procedure:

1) Infumehood, warm glycerinjelly* beforeusing (do
not over heat)

2) Place 1 drop ontissue

3) Gently lower coverdip in place

4) Drain excess

5) Slide any trapped air bubbles to edge of coverdlip

6) Whenglycerinjellyisdry, remove excesswith razor
blade and paint edge with clear fingernail polish to
complete coverdlip sed

7) Read dlides as soon as possible

Note: Glycerin jelly may cause stain to fade.

Reagent:
1Glycerin Jelly
(€S - 1] o SRR 10.0gm
DistilledWater .......ccccveeeerr e 60.0ml
Heat until gelatin is dissolved, then add:
GIYCENIN et 70.0ml
Phenol (liquefied) ......ccvecveceeicececeeceeee 1.0ml

Note: Glycerinjelly mounting mediaisavailable ready-
made. Storeglycerinjély inrefrigerator and warm before
use. Phenal isrecommended by Prophet et al. (1992) to
inhibit growth of molds.

b. Advantage

Procedure:

1) Apply 2-3 drops of Advantage over tissue

2) Coverdip

3) Quick set at 37°C - 15 min, or at room temp. -
30-45min

Note: Advantage available ready-made from Innovex
Biosciences® cat. # NB 300. When used for
immunostaining, store slides in a dark and dust-free
environment until examination. To remove coverslip,
soak indistilled water.

E. Footnotes

Fisher Scientific, 3970 Johns Creek Court, Suwanee, GA
30024. (800) 766-7000. www.fishersci.com

bl nnovex Biosciences, 4505 MacDonald Ave., Richmond,
CA 94805. (800) 622-7808. www.innvx.com
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TABLE 9-1. Coverdipping problemsand resolutions.

Problem or artifact

Possible causes

Solution, if any

Mounting medium will not flow
across tissue.

Coverdip tendsto slip out of place.

Air bubbles will not release from
under dlide.

Black, charred-looking, or parched
tissue.

Sections appear opaque or have
highly refractivelinesoutlining cells
and tissues.

Cloudy dide.

Slideaily or cloudy.

Slide has dried out. Mounting
medium too thick; part of solvent
may have evaporated.

Slidetoo wet with xylene. Mounting
mediumtoo thin. Too much mounting
medium.

Sand in tissues. Grit or loose debris
under dlide. Coverglasses may be
old, warped, or dirty.

Tissue dried out before or during
coverdlipping, or large air pockets
formed from warped coverdips.

Clearing agent evaporated before
mounting medium added. Sections
insufficiently cleared. Clearing agent
not miscible with mounting medium.
More than one coverdlip used.

Mounting medium too thick or too
much appliedto dide.

Clearing agents contaminated by
water.
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Redip slide into xylene and start
processagain. Carefully thinmedium
with solvent or use new mounting
medium.

Wipe excess xylene from around
tissue and from back of slide before
adding 1 drop of fresh mounting
medium (should be free flowing).
Blot edge of slide once coverdipis
in place.

Remove coverslip by soaking in
xylene and start process again. |If
trouble spot can beidentified, remove
it. However, if it lies within tissue,
try mounting with thicker mounting
medium. Re-coverslip with new
coverglass.

Cover tissue with xylene before
coverdipping; do not alow tissueto
dry out after deparaffinizing (Luna
1968).

Soak to remove coverglass. Clear
properly. Ensure quality and
compatibility of clearing agentsand
mounting medium (Luna 1968).

Mounting medium should be free
flowing; use only amount necessary
(1 drop) and blot edge of dide after
coverdipping to remove excess.

Take dide back to 100% ETOH and
repeat clearing steps with fresh
xylene.



TABLE 9-1. Coverdipping problemsand resolutions(cont.).

Problem or artifact

Possible causes

Solution, if any

Black air ringsin tissue.

Tissues dislodged from place,
layered, or unrecognizable.

White precipitateformson didesafter
using nuclear fast red (Kernechtrot).

Air trapped during coverdlipping.

Too much pressure on probe to
remove air bubbles.

Slides not rinsed well enough in
digtilled water beforefind dehydration.
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Using probe, gently press coverdlip
to guide bubblesto outer edges (Luna
1968).

Do not force out large or multiple
air bubbles. Instead, re-coverdipto
avoid damaging tissue.

Rinse well, at least 6 complete dips
in distilled water.



Coverdipping.
Figure9-1. Wipeexcessxylenefromback of dide. Figure9-2. Place 1 drop of mounting medium over tissue section near
bottom of dide. Figure9-3. Place edgeof coverdip at an angle to bottom edge of dide and lower coverglassover tissue.
Figure 9-4. Blot bottom edge of dide on absorbent paper to drain excess mounting medium. Remove any air bubbles by
tilting dideand, with probe, applying gentle pressureto coverglass. Figure9-5. Placefinished didewith temporary label
ontraysto dry. Figure 9-6. Placetrays of freshly prepared dides on flat surface, preferably in drying oven at 38-42°C.
Allow mounting medium to dry for 2-5 days before cleaning dides.
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CHAPTER 10. HISTOCYTOLOGY:
A DIAGNOSTIC METHOD FOR EXAMINING
INVERTEBRATE HEMOLYM PH

C.Austin Farley

A. Introduction

The standard method of diagnosis for disease in
invertebrate animal s traditionally has been by histology
and certainly will continueto bein thefuture, at least for
comprehensive disease eval uations and tissue lesionsthat
cannot be diagnosed any other way. Disadvantages of
thismethod arethat it istime-consuming, it requires special
equipment not always readily available, and it is costly.
Another clear drawback is that sacrificing specimensto
produce histol ogic sectionsprecludetheability todo clinica
studieson individua animals.

Themethodsto be described were devel oped and modified
over a period of about 15 years as an alternative
experimenta approach to histology, using a variety of
invertebrate animal sthat were availableat the WoodsHole
Marine Biological Laboratory in the course on
Comparative Pathology of Marine Invertebrate
Animalstaught by F.B. Bang, B. Bang, and C.L. Reinisch
from 1978 through 1983 (Farley et a. 1986, 19914, b,
Farley 1989, Farley and Plutchak 1991, Farley and Straight
1991). Successful preparations were produced from
mollusks, crustaceans, sipunculids, and echinoderms.
These methods depend upon being able to obtain cell
suspensions (hemolymph) from the animal of interest,
and have proven to be successful for the identification of
parasites and pathogens carried by the hemolymph system
of shellfish (Farley et a. 1991a, b). Suspensions are
collected and a monolayer of cells is allowed to settle
and attach to the surface of a microscope dlide. The
dlideisthen wet-fixed, stained by histologic methods, and
mounted with synthetic mounting medium and acoverdip.
The following protocol covers bivalve mollusks such as
clams, mussels, and oysters, as well as crustaceans.

B. Preparation of Materials

Super frosted slides are recommended and should be
cleaned with acid alcohol (see p. 76). If diagnosis of
neoplastic diseaseisdesired or if cells of interest are not
normally adherent to glass, then it is necessary to coat

dideswith poly-L-lysine (PLL) hydrobromide (molecular
weight 90,000 to 120,000) (see pp. 75-76). PLL-coated
dlidesmay be purchased ready to usefrom many suppliers
(e.g., Newcomer Supply? cat. # 5010). For detection of
Perkinsus marinus by hemanalysis, 24 well tissue culture
plates, similar to those availableat Corning® (cat. # 3526),
are used.

1. Suspension Chambers

»  Use25-mm? histologic embedding rings (availablefrom
Fisherc cat. # 12-652-108) (30 per sample). Sand
embedding rings with fine or extra fine emery cloth
until smooth.

e Washtoremoveplastic dust, and test on didefor water
tightness.

» Attachto dlide5 mm from frosted end using a13-mm
circumference fabric-type (ponytail) elastic band.

e Themetal clamp of band is placed under thelip of the
chamber at the side, twisted one-half turn, and doubled
over top of thelip. Continueto stretch the band under
thedideand over thelip of the other sideto securethe
chamber in place on the dlide.

* If properly attached, the chamber will hold 2 ml of
liquid without leakagefor hours.

Plastic chambersmay bereused indefinitely. They should
bewashed in at least 10 changes of running tap water and
placed on clean absorbent paper towels, covered with
towels, and allowed to dry overnight at room temperature
in a dust-free environment. For arthropod hemolymph
preparations, materials must be free of endotoxin.
Chambers can be rendered reasonably endotoxin-free by
washing in 1:50 Lysol/pyrogen-free, steriledistilled water
in pyrogen-freejars. Lysol solutionisremoved by rinsing
the chambersin 6 changes of pyrogen-free, steriledistilled
water and then in ethanol. Chambers are dried as above
using pyrogen-free absorbent materials and stored in
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pyrogen-free, sterile, tightly capped jars until used. A
variety of teflon-coated slidesare now commonly usedin
place of suspension chambers. Oxford dides (available
from Erie Scientific® cat. # 10-2197) areonechoice; however,
the dilution factor must be adjusted since the standard 20-
mm-square areaholds approximately 0.5 ml of fluid.

2. Preparation of Reagents

For bacterial endotoxin-free solutions, al glassware and
the salt crystals must be baked at 190°C for 2 h and then
reconstituted with endotoxin-free, sterile digtilled water.
This procedure is absolutely necessary for arthropod
hemolymph preparations but is optional for mollusks.
Sterile solutions are necessary for molluscan procedures
to maintain good quality control. However, it is not
necessary to maintain sterility during the bleeding process.

3. Artificial Seawater

A commercidly availableartificid seasdtisusedto prepare
a15% saturated stock solution concentrate. These crystals
often contain water (particularly in humid environments)
whichmust bedlowed for whenweighed. Thestock solution
is made with 90 gm of salt crystals in 450 ml of dterile
digtilledwater; pH estimations(6.8-8.4) can beaccomplished
by adding 0.2 gm phenol red to the mixture (thisis very
useful when preparing fixatives).

Ambient salinity seawater solutions are prepared using
450-ml sterile glass bottles, sterile reagents, and the
dilutionsin Table 10-1.

C. Hematological Procedures

Thistechnique can be applied to any suspension of living
cells provided they attach or can be induced to attach to
glass. Preparationshave been madefrom oysters, clams,
mussels, scallops, horseshoe crabs, blue crabs, green
crabs, lobsters, starfish, urchins, sipunculids, and mouse
macrophages.

Disposable hypodermic syringesare used for extracting
hemolymph from specimens. Three-cc syringes with
1¥%-inch No. 20 needles are used for softshell clams,
mussels, and oysters. One-cc tuberculin or insulin
syringes are used for smaller specimens such as duck
clams or juveniles. Five- or 10-cc syringes have been
used when standardized 1:10 or 1:20 hemolymph

Table 10-1. Artificial seawater dilution table.

Salinity Stock Water Salinity Stock Water

(o/oo) (ml) (ml) (o/oo) (ml) (ml)
1 3 . 447 19 57 . 393
2 6 . 444 20 60 : 390
3 9 : 441 21 63 : 387
4 12 : 438 22 66 : 384
5 15 @ 435 23 69 : 381
6 18 : 432 24 72 . 378
7 21 : 429 25 75 . 375
8 24 . 426 26 78 . 372
9 27 . 423 27 81 : 369
10 30 : 420 28 84 . 366
11 33 : 417 29 87 . 363
12 36 : 414 30 90 : 360
13 39 411 31 93 : 357
14 42 . 408 32 9% . 34
15 45 : 405 33 9 : 3B1
16 48 . 402 A 102 . 348
17 51 : 399 35 105 : 345
18 54 . 396

dilutions are desired, as in the case of oysters or
horseshoe crabs.

Hemocyte membranes become adhesive when
inflammatory activationisinduced by removing them from
thecirculatory system, causing them to become amoeboid
and to adhere to each other and most surfaces they
contact. Theseeffectscan be reduced by: (1) minimizing
physical traumato cells; (2) diluting hemolymphin sterile
seawater; (3) reducing temperature below 5°C; and (4)
removing calcium. Cell-to-cell contact produces
aggregates of cells that interfere with staining affinities
and reduce the diagnostic effectiveness of the preparation.

D. Sampling Procedures

Animalsare coded by collection date, site, and specimen
number, and the length (mm) is recorded for each.

* Drill oyster shells posterior to the adductor muscle or
notch with an autopsy saw. Oysters may be tagged
with waterproof labeling tape marked with indelible
ink and attached to the shell by an elastic band. Stretch
the elastic band around the shell, careful not to restrict
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opening of the valves.

» Dry clams by wiping the shell with absorbent towels
and then acohol. When the shell is completely dry, it
can be marked with an indelible marker.

* Dry musselsasabove and mark with fingernail polish
or a quick-drying enamel. Notch posterior to the
adductor musclewith atriangular file.

* Hold animals overnight in ambient seawater tanks
(either running or recircul ated systems), allowing them
to stabilize and purgedrilling residuesthat may interfere
with bleeding.

Hemolymph can be withdrawn from adductor muscle
sinuses of any bivalve mollusk. Prior to bleeding, one
syringe per specimenisfilled with an appropriate amount
of chilled, sterile ambient seawater diluent and stored at
5°C until used.

E. Detection of Systemic Parasitesand Pathogens
by Histocytology

1. Oysters

Procedure:

1) Dirill (Fig. 10-1) or notch oystersand purge overnight

2) Cleandidesin acid alcohol (see p.76)

3) Prepareteflon-coated didesor suspension chambers
with corresponding codes

4) Draw 2.5 ml of sterile ambient seawater into a 3-
ml syringe and chill

5) Insert needleinto adductor muscle (Stauber 1950)
through drilled hole or notchin oyster valve (approx.
2-3 cm) and withdraw 2-3 dropsof hemolymph from
sinuses into chilled seawater diluent (Fig. 10-2).
Gently invert syringe severa times to thoroughly
mix hemolymph and seawater

6) Place diluted hemolymph (dilution 1:10-1:25) into
wellsof teflon-coated didesor suspension chambers.
Oxford dideshold approx. 0.5 ml of fluid; suspension
chambers 1-2 ml

7) Allow cdllsto settle- 10-60 min (Fig. 10-3)

8) Examinedidesinvivowithinverted microscope

9) Drainteflon-coated slidesor remove chambersand
drain. While wet, place dides (facing forward) in
fixative of choice (Fig. 10-4)

10) Wash in running tap water - 5 min

11) Stain asdesired

12) Add1drop of Permount or other mounting medium

13) Mount with coverdlip; slides are now ready for
examination (Fig. 10-5). See example of MSX
(Haplosporidium nelsoni) stained with Mayer’s
hematoxylin and eosin (MHE) (Fig. 10-6). See
Table 10-2 for staging criteria

Note: When using 1G4F (1% glutaraldehyde/4%
formaldehyde), rinsedidesthoroughly if planningto stain
with Feulgen reaction, or use an aldehyde blocking agent,
i.e.,, dimedome (see p. 90). Any fixative containing
glutaraldehyde must berefrigerated to avoid spontaneous
breakdown.

2.Clams

Procedure;

1) Draw 2.7 ml of sterile ambient seawater diluent
into a3-ml syringe

2) Insert needle between valves into anterior or
posterior adductor muscle (4- to 7-mm penetration)

3) Withdraw 0.3 ml hemolymph into diluent seawater
solution (dilution factor 1:10-1:30 hemolymph to
seawater)

4) Remove needle from syringe and place 3 ml of
diluted hemolymph into suspension chamber. For
diagnosing sarcomas, coat slides with PLL (see
pp. 75-76)

5) Allow cellstosettle-1h

6) Remove chambers; while wet, place slides (facing
forward) in fixative of choice

7) Washwell inrunning tap water - 5min

8) Stain asdesired

9) Mount with Permount and coverdlip

3. Mussls

Procedure:

1) Follow samedilution outlined for clams

2) Insert needleinto posterior adductor musclethrough
afiled notch (5-mm penetration)

3) Continue procedure noted for clams above

4) Placein fixative of choice.

5) Washwell inrunning tap water - 5 min

6) Stainasdesired

7) Mount with Permount and coverdip
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F. Perkinsus marinus Detection by Hemanalysis

1. Oysters

Procedure:

1) Dirill ahole or cut a notch in shell of each oyster
adjacent and posterior to adductor muscle (Fig. 10-1)

2) Insert needle into adductor muscle (about 2 cm)
and withdraw 0.5 ml of hemolymph (Fig. 10-7)

3) Empty syringeinto oneof 24 wells(Fig. 10-8)

4) Let hemolymph settle- ¥2h

5) Add thioglycolate medium (see p. 179) to fill well
(Ray 1952) (Fig. 10-9)

6) Add 1 drop of nystatin (see p. 180)

7) Placein dark at room temp. - 2-5 days

8) Withdraw supernatant

9) Add 1-2 drops of Lugol’siodine working solution
(seepp. 179-180) (Fig. 10-10)

10) Examine cdllsfor Perkinsus (Figs. 10-11, 10-12);

see Table 10-3 for staging criteria

G. Footnotes

aNewcomer Supply, 2217b Parview Road, Middleton, WI
53562. (800) 383-7799. www.newcomersupply.com
Corning, Inc., Corning, NY 14831. (800) 492-1110.
WWW.COrning.com

°Fisher Scientific, 3970 Johns Creek Court, Suwanee, GA
30024. (800) 766-7000. www.fishersci.com

dErie Scientific Co., 20 Post Road, Portsmouth, NH
03801. (800) 258-0834. www.eriesci.com
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Table 10-2. Histocytology staging criteriafor
Haplosporidium nelsoni and Perkinsus marinus.
Stages wer e deter mined using an organism per
hemocyteratioin suspension chambers.

Plasmodia (H. nelsoni) or

Stage aplanospores (P. marinus)

1 1-9 organismg/dlide

2 10-99 organisms/dlide, but less
than 1 organism/200X field

3 1-3 organisms/200X field (1-9
organisms/1000 cells = 0.1-0.9%)

4 1-9% organisms/200X field

5 10-49% organisms/200X field

6 >50% organisms/200X field

Table10-3. Stagingcriteriafor Perkinsusmarinus
by hemanalyssusing tissue culture plates.

Aplanospores (P. marinus)

Stage Celg Celd No. cellson
well field diameter

1 1-4
2 5-49 1-4 (40X) 1-2(40X)
3 7-38 (40X) 3-7(40X)

1-7 (100X) 1-3(100X)
4 13- 63 (100X) 4- 9 (100X)
3-12(200X) 2- 4 (200X)
1-2 (400X) 1- 2 (400X)
5 7-38(400X) 5- 14 (200X)

6 >50  (400X) 22- 73 (400X)
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Examination of oyster hemolymph.
Figure 10-1. Drill oyster for bleeding. Figure 10-2. Withdraw 2-3 drops of hemolymph from oyster into syringe
containing chilled sterile seawater. Figure10-3. Allow diluted hemolymphto settle on didesfor 20-60 min. Comparison
of teflon-ringed dides (lower row) with Farley dide chambers (upper row); both methods may be used for blood
diagnostics. Figure10-4. Remove Farley chamber, drain, and placedidesinfixative. Figure10-5. Blood didesstained
with MHE ready for examination. Comparison of teflon-ringed dides (lower row) with Farley side chambers (upper
row). Figure 10-6. Example of Haplosporidium nelsoni (arrows) and oyster blood hemocytes stained with MHE.

148


creo



Detection of Perkinsus marinus (Dermo) by hemanalysis.
Figure 10-7. Withdraw 0.5 ml of hemolymph from oyster. Figure 10-8. Empty hemolymph into cell well culture
dish and let settle for Y2 h. Figure 10-9. Add thioglycolate medium to each well of culture dish. Withdraw
thioglycolate from cell wells after 2-5 days' incubation. Figure 10-10. Add 1-2 drops of Lugol’s iodine solution.
Figure 10-11. Examine cell wells with inverted microscope. Figure 10-12. Example of P. marinus stained with
Lugol’siodine.
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CHAPTER 11. DIAGNOSTIC TECHNIQUES FOR BLUE CRABS

Gretchen A. Messick

A. Introduction

Bluecrabs Callinectes sapidus support va uable commercia
and recreationd fisheries dong the eastern seaboard and
Gulf of Mexico, USA. Cytology and histology allow for
the examination of liveand preserved tissuesfor parasites
and host histopathology. Although morespecificor sengtive
immunoassays and molecular probes have been developed
for some disease conditions, cytologica and histological
analyses of tissues are often the preferred techniques. This
chapter outlines varioustechniquesthat have been used for
disease sudiesin blue crabs; thesetechniques easily can be
altered to accommodate other crustacean species. A
noninvasive method that demonstrates parasites within
circulating hemolymph isa so described.

To preparefor histological examination, see dissection of
blue crabs in Chapter 3 (pp. 20, 55-56).

1. Macroscopic M anifestations

Several parasites exhibit signs that can be putatively
identified by looking for abnormal conditionssuch asshell
abnormalities, external parasites, or abnormal physiology.
Table 11-1 lists signs of disease, agents that induce the
response, and references.

2. Cytological Techniques

Observing crab hemolymphisaquick inexpensive method
to ascertain the presence of parasitesand conduct clinical
studieswithout sacrificing animals. Hemolymph smears
can provide an immediate and inexpensive assay for the
presence of parasites. A drop of hemolymph on a
hemocytometer can provide a quantitative assay of
parasites or hemocytes. To have a permanent assay for
the presence of parasites, smears can befixed and stained
and read later, or, if a permanent quantitative assay is
required, endotoxin-free chambers can be prepared.
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a. Smear Method for Hemolymph

A quick assay recommended for bloodborne parasitesin
hemolymph.

Procedure;

1) Disinfect joint of carapace and 5th pleopod by
swabbing with 70% ETOH

2) Withdraw 1 drop of hemolymph fromhemal sinusat
joint of carapace and 5th pleopod into a sterile 1-cc
insulin syringefitted with a28-ganeedle (Fig. 11-1)

3) Dispense 1 drop of hemolymph onto acid-cleaned,
poly-L-lysine (PLL)-coated microscope dide, and
spread using shaft of needle (Fig. 11-2)

4) Observedidespromptly withinverted microscopeto
establish that hemolymph was obtained and to
ascertain presence of parasites. Do not allow smear
todry, asaterationsin cell morphology will result

5) Place in Bouin's, Davidson’s, or other fixative of
choice- 5min (Fig. 11-3)

6) Prior to staining, wash slidesfor 20 minin running
tap water to thoroughly removefixative

b. Hemocytometer Method for Hemolymph

A hemocytometer can be used to obtain an accurate count
of cells/ml of hemolymph.

Procedure;

1) Removeasmall quantity of hemolymph from crab
following steps 1-2in (a) above

2) Dispense 0.02 ml of hemolymph onto a square of
Parafilm®

3) Stain and dilute hemolymph 1:1 with 0.02 ml of
vital stain of choice

4) Mix this solution thoroughly by drawing into and
expelling from syringe

5) Center a clean hemocytometer coverslip between



Table 11-1. Manifestations of some disease agents of the blue crab.

Signs

Causative agent

Reference

Inactivity; milky hemolymph

Milky hemolymph; opague ventral
carapace

Sluggishnessor parayss, withdrawn
hemolymph slow to clot

Blindness and abnormal behavior;
erratic swimming

Pitted or blackened exoskeleton;
shell disease

Sluggishness, gray ventral carapace;
slowed clotting

Ventral muscle tissue opaque; crabs
duggish; withdrawn hemolymph clots
dowly

Egg masses appear brown or gray

Destruction of egg masses; 1.5-cm
orange worms between gill lamellae

2- to 3-cm black cocoon attached to
carapace

Protrusion under apron of infected
crabs, infected malesacquire secondary
adult femdesexua qualities

Bi-faciesvirus(BFV)

Hematodinium sp.

Reo-like virus (RLV)

Chesapeake Bay virus (CBV)

Ubiquitous chitinoclastic bacteria

Paramoeba perniciosa

Various species of microsporidans

Fungus Lagenidium callinectes

Nemertean Carcinonemertes
carcinophila

Leech Myzobdella lugubris

Parasitic barnacle Loxothylacus
texanus

Johnson 1978a, b, 1983, 1984, 1988

Newman and Johnson 1975,
Messick 1994

Johnson 1977a, b, 1983, 1984, 1986

Johnson 1978a, b, 1983, 1984, 1986

Rosen 1967, Cook and L ofton 1973,
Engel and Noga 1989, Sindermann
1989, Messick and Sindermann 1992

Sprague and Beckett 1966, 1968,
Sawyer 1969, Sprague et a. 1969,
Newman and Ward 1973, Pauley et
a. 1975, Johnson 1977¢c, Couch 1983

Sprague 1950, 1965, 1966, 1970,
1977, Overstreet and Whatley 1975,
Overstreet 1977, 1978, Couch 1983

Couch 1942, Sandoz et al. 1944,
Newcombe and Rogers 1947,
Rogers-Talbert 1948, Bland and
Amerson 1973, 1974

Humes 1942, Hopkins 1947, Pyleand
Cronin 1950, Overstreet 1978, 1982

Moore 1946, Hutton and
Sogandares-Bernal 1959, Sawyer et
a. 1975, Overstreet 1978

Reinhard 1950, 1956, Adkins 1972,
Ragan and Matherne 1974,
Overstreet 1978
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the outside railings over the two counting grids of
hemocytometer

6) Place 1 drop (10-20 ul) of well-mixed cell
suspension in each notch

7) Count cellsusing 200X magnification (20X objective
lens)

For dilute solutions, count number of celsin 1-
mmsquare (= 0.1 pl). Count eight 1-mm squares.
Select 4 corner squares on 2 grids of hemocytometer.
Calculate average. Multiply by 1 x 10*to determine
number of cellgml

For concentrated solutions, count 10 of the 1/16-
sg-mm squares. Calculate averagevalue. Multiply
by 1.6 x 10° to determine number of cells/ml

For ultra-concentrated solutions, count 10 of the
smallest squaresin middle section of hemocytometer.
Thesesquaresare 1/400 sgmm (1/25x 1/16 sqgmm).
Calculate average value. Multiply by 4.0 x 10° to
determine number of cellgml.

c. Endotoxin-free Chamber Method for Crabs

Method for quantitative assay of bloodborne parasites.
Solutions and equipment coming in contact with
hemolymph must befree of endotoxinsthat trigger clotting
mechanismsin crustaceans. Preparation of solutionsand
chambersis described in Chapter 10.

Procedure:

1) Fill a3-cc syringefitted with a 25-ganeedlewith 2.5
ml of endotoxin-free 28 ppt seawater diluent

2) Disinfect joint of carapace and 5th pleopod by
swabbing with 70% ETOH

3) Withdraw 1 drop of hemolymph into a seawater-
filled syringe (only use syringesonce)

4) Mix hemolymph and seawater by inverting syringe
several times, and dispense suspension into
chamber(s)

5) Observelivecdlswithinverted microscopeto verify
presence of hemocytes and possible parasites in
Vivo

6) Allow cellsto settle- approx. 12 min

7) Removechambersand drain excessfluid fromdides

8) Place dideswith attached hemocytes immediately
into Bouin's, Davidson's, or other fixative of choice
-5min

9) Stain with Mayer’s hematoxylin and eosin (Luna
1968) or other stain of choice

Note: Dilution of crab hemolymph reducesthelikelihood

of hemolymph clotting. Precise volumes of hemolymph
must be taken from specimensto ensure standardi zation.

3. InvivoMicroscope Technique (modified Field
technique-MFT)

Thismicroscopetechnique avoidsinvasion of tissuesand
alowsfor continuous monitoring of parasitesinvivo. It
is modified from Field et al. (1992), thus the acronym
MFT. Parasites that inhabit the hemolymph of juvenile
(5-to 30-mm) blue crabsare visualized by light transmitted
through the thin exoskeleton and tissue in the flattened
portion of the 5th pleopod (Messick 1994). Thistechnique
has been used to observe normal activity and morphol ogy
of internal tissues, parasitic dinoflagellates, and ciliatesin
hemal sinuses of juvenile crabs. Other large interna
parasites can beidentified using thismethod. Additionaly,
external parasitesand symbiontsare easily detected.

Procedure;

1) Position smdl crab (5- to 30-mm carapace width) in
petri dish on the stage of inverted microscope so that
flattened portion of 5th pleopod liesflat

2) Using either Hoffman modul ation or phase-contrast
optics, transmit light through exoskeleton to
visualize internal tissues. Focus through carapace
to internal tissues and hemal sinuses of pleopod to
observe for presence of parasites

B. Discussion

Techniques described in this chapter are but afew of the
available means for studying diseases and parasites of
crabs. Described methodswere established by researchers
and techniciansat COL and can be easily adapted to other
crustacean and invertebrate species. External indicators
of diseasein blue crabs can be used asaquick, nonspecific
method to survey large numbers of crabs for disease.
This method can be used to reduce the number of crabs
to be bled or dissected when searching for a particular
parasite or disease, although it cannot be relied upon to
detect al infected crabs since parasites do not aways
present themsel veswith external manifestations.

Many parasitescan befoundin crab hemolymph, including
viruses; aparasitic dinoflagellate Hematodiniumsp. (Fig.
11-4); microsporidans Ameson sp., Nosema sp., and
Pleistophora sp. (Fig. 11-5); an amoeba Paramoeba
perniciosa (Fig. 11-6); and occasionally aciliate and a
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haplosporidan. Most systemic infections can be detected
by sampling a small quantity of hemolymph, but not all
infected crabswill have parasitesin the hemolymph.

When hemocytesareremoved from thecircul atory system,
an inflammatory response causes their membranes to
become sticky and to adhere to each other and surfaces
such as glass slides and plastic tissue culture flasks.
Dilutionwith sterile seawater minimizes clumping of cells.
By diluting hemolymph and allowing cellsto settle onto
PLL-coated sides, amonolayer of hemocytes and other
cells is formed which can be analyzed. The chamber
techniqueisuseful for quantitative studies of parasitesor
cells since precise volumes of hemolymph are removed
from specimens and mixed with known quantities of
diluent.

The advantage of the smear method is that it is quick,
inexpensive, and an uncomplicated method to sample
large numbers of crabs with little time spent in
preparation. Both techniquescauselittle harmto animals
and provide a permanent preparation of cells from the
hemolymph. Thesetechniquesalso can beused to follow
disease progression by sequentially sampling hemolymph
from an infected crab over time.

Histological preparations of tissues provide the
investigator with permanent tissue sections that show
normal tissue structure, parasites, and changesthat occur
in tissues during disease that may cause physiological
dysfunction. Dr. Phyllis T. Johnson’s (1980) book on
the histology of the blue crab is highly recommended to
anyoneinterested in normal histology or pathology of blue
crabs or other decapods. Numerous histochemical and
cytochemical staining methods useful or modifiedfor crab
tissues areincluded in Johnson’'s (1980) book.

The MFT provides researchers with a noninvasive
observation of liveinternal tissue morphol ogy and behavior
of certain parasitesin vivo. Thistechnique can be used
to continuously monitor hemolymph-infesting organisms
in small crabs (4- to 30-mm carapace width) which are
stressed from multiple bleeding using invasive smear or
chamber techniques. This technique also provides an
image of cellsasthey actually appear invivo, rather than
as they appear once removed from the body, often with
altered morphology. A video camera attached to an
inverted microscope can be used to record phenomena
that transpire over time, such as hemocytes spreading
and degranul ating on microscope dides, hemocytesbeing
pumped throughout tissues and within blood vessels and
capillaries, the slowed or clogging effect parasites may
have on circulation of hemolymph within tissues, or

interactions between tissues and external parasites such
asciliatesin gillsand other tissues. Video recorded images
provide a permanent record that can then be analyzed
with computer software, or shown to audiences to
demonstrate certain phenomenathat are best viewed over
time rather than as a photomicrograph.
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Diagnostictechniquesfor bluecrabs.
Figure 11-1. Withdraw hemolymph from crab. Figure 11-2. Dispense and spread hemolymph onto poly-L-lysine-
coated dlide. Figure 11-3. Place dlidesin fixative. Figure 11-4. Example of Hematodinium in crab hemolymph
stained with Mayer’s hematoxylin and eosin (MHE). Figure 11-5. Microsporidan in hemolymph stained with Ziehl-
Neelsen and methylene blue. Figure 11-6. Paramoeba perniciosa in hemolymph stained with MHE.
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CHAPTER 12. MISCELLANEOUS TECHNIQUES
AND METHODS FOR MOLLUSKS

Earl J. Lewis

A. Introduction

Three predominant east coast parasites—Haplosporidium
nelsoni (M SX), H. costale (SSO), and Perkinsus marinus
(Dermo)—have been thefocus of oyster diseaseresearch
for decades. However, other diseasesand conditions have
appeared with varying degrees of consequences to the
oyster industry. For example, juvenile oyster diseaseisa
malady that affects cultured oysters grown in waters of
the northeastern United States. Cryptosporidiumisafecal
contaminant of the aquatic environment, but not adisease
agent of shellfish. Severa speciesof Cryptosporidiumare
human pathogens filtered from the water column or
sediments and harbored by shellfish. Although
cryptosporidiosis has not been reported from the
consumption of shellfish, it is believed to be a potential
health issuethat needsfurther investigation.

B. Juvenile Oyster Disease (JOD)

Since 1984, a disease of unknown etiology has caused
serious mortalities of cultured oystersinthe northeastern
United States (Farley and Lewis 1997). Juvenile oyster
disease (JOD) has a number of specific characteristics
that collectively comprisethesyndrome (Lewiset a. 1996,
Lewis 2001). Mortalities of 60-80% commonly occur
over a short period of time in juvenile oysters up to
approximately 25-30 mminsize (Bricelj etal. 1992, Davis
and Barber 1994, Lewis et al. 1996, Lewis 2001).
Mortalities approaching 100% have been observed.
Research has been conducted on this disease since 1990
and much has been learned without determining a
definitive causative agent. The disease occurs in high
salinity areas from Long Island, NY to Maine during
summer and early autumn after water temperaturesreach
and maintain approximately 18-20°C or higher. Thefirst
indication of JOD isreduction or cessation of growth in
previoudy healthy and fast growing oysters, followed soon
after by mortality. Normal oystersexhibit acleaninterior
shell (Fig. 12-1a) compared to development of
conchiolinous lesions on the interior surfaces of JOD-
infected oysters (Fig. 12-1b). Prevaence and intensity
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of conchialinvaries, but itisnot unusual to seeconchiolin
in 30-70% of live oysters during a disease outbreak.
Mantle recession, or uneven valve margins, is another
common sign of the syndrome (Fig. 12-1b). Cupping
and directional growth change of the valves also may be
observedin someinfected oysters. Grossexamination of
JOD survivors may show exaggerated shell checks, or
growth checks, occurring where oysters ceased growth
with onset of JOD and began regrowth after successfully
combating the disease (Figs. 12-2, 12-3). Some oysters
show multiple shell checkswhich may indicate morethan
one bout with the disease. Oysters larger than 30 mm
may display signs of JOD, but are much less likely to
suffer mortality. Histological examination of JOD-infected
oysters reveas mantle lesions with small round bodies
approximately 2-6 umindiameter (Fig. 12-4a, b), having
a small (1.0- to 1.5-um) dense-staining nucleus that is
Feulgen-positive and often asecond Feulgen-positive body
similar toamicronucleus. Experimental and field studies
have shown that mantle lesions develop 1-2 wk before
onset of mortalities (Ford 1994, Lewis 2001).
Recommended stainsfor histologica examination of mantle
lesions are Feulgen picromethyl blue (FPM) or Mayer’s
hematoxylin and eosin (MHE). A Roseobacter bacterium
has been associated with JOD-infected oystersfrom some
areas, but Koch's postulate has not been fulfilled with
this agent (Boettcher et al. 1999, 2000). Table 12.1
providescriteriafor evaluating oystersfor JOD.

C. Cryptosporidium and Giardia in Shellfish

Cryptosporidium and Giardia are protozoan parasites
that causeintestina illnessesin humans (Wolfe 1992, Fayer
et a. 1997a). Infections are spread strictly by the fecal-
oral route through consumption of contaminated food or
water, or by close contact withinfected humansor animals.
Two species, C. hominisand C. parvum, have been found
to cause most human infections. Oocysts, the infectious
stage of the parasite, are resistant to most chemical and
antimicrobial treatments, as well as harsh and fluctuating
conditionsthat occur inthe aquatic environment. Exposure
to high temperatures, freezing temperatures, and drying



Table12.1. Criteriafor evaluation of JOD.

Observation

Time of occurrence

Appearance

Grosscriteria
Dragticdowing or cessation
of growth in fast growing
juvenileoysters

Mortality

Conchiolin

Mantle recession

Shell checks

At disease onset

3-7 wk after exposure to
disease agent, depending on
water temperature

Concurrent with or soon after
first mortalities

Asdisease progresses

On recovery of surviving
oysters(after growth resumes)

Histological and staining criteria

Lesionsin mantle
epithdium

1-2 wk prior to onset of
mortalities

Norma growth of juvenilesdowsor sopsabruptly. Little
or no weekly increase in oyster volume (oysters
measured in graduated cylinder wet-packed in water).

Thefirst mortalitiesof 1-4% may be missed, but quickly
increaseto noticesblelevels. Dead oystersmay not gape;
adissecting probe may be used to check musclefunction
prior to opening shellsto assess mortality. Oysters5 to
25-30mminsizearemost likely to diefrom JOD.

A key grossdiagnostic feature appearsasathin golden
conchiolinousdeposit covering sometoall of inner shell
surfaces and may be present on one or both valves. In
advanced cases, conchiolin completely envelopsoyster
(see Fig. 12-1b). Conchiolin often present after
cessation of mortality. May be rare or difficult to
observe in oysters less than 12-15 mm in length, but
common in 15-30 mm oysters and occasionally those
to 50 mm in length.

Disappearance of thin growing edge of oyster shell and
recession of right valve several mm behind | eft valve (see
Fig. 12-3). Present in animalsto approx. 25-30 mm.

A thickening, raised ridge, growth band, or overgrowth
of exterior shell, most noticeableon left valve of affected
oyster and to alesser extent onright valve. Onrecovery,
oyster may grow vertically before regrowth in normal
horizontal direction, causing shell check. Oyster may
have one or more shell checksformed at growing edge
of shell marginwhen oyster beginsshell regrowth upon
recovery from disease. First shell checks correlateto
size of oyster at disease onset (see Figs. 12-2, 12-3).

FPM isthepreferred stainto evaluate JOD histologicaly.
Presence of 2- to 6-um intracellular bodies with FPM-
positive nuclei are observed in vacuoles of mantle
epithelium. Thesebodiesarefirst found assingle cells
invacuolesof healthy mantle epithelium, thenasmultiple
cellsinepithelia vacuoles as disease progresses. MHE
isagood second choicefor staining tissues suspected to
beinfected by JOD if FPM isnot available. See Chapter
8 for FPM and MHE stains.
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are three ways to render oocysts noninfectious. Fayer et
al. (1997b) and Graczyk et a. (1997) published the first
field and laboratory studiesin the United States showing
that oysters can filter oocysts of Cryptosporidium from
thewater column and retainthemintheir tissues. Further
research has shown that other shellfish, such as clams
and mussels, also harbor Cryptosporidium and Giardia
in their tissues (Fayer et al. 1998, 1999, Graczyk et al.
19993, b, ¢, 2000). These parasitesenter thewater column
fromfecal contamination by humansand other mammals,
thus raising a potential public healthissue. Although no
cases of cryptosporidiosis have yet been reported from
eating raw shellfish, the disease is believed to be
underreported. Since it may take a week or more to
develop, the actual source of infection can be difficult to
determine (Fayer et al. 1997a, Mead et a. 1999, PSR
2001). Diagnostic techniques for oocysts include the
examination of shellfish tissues stained with Ziehl-
Neelsen acid-fast stains or the anti-Cryptosporidium
and GiardiaMerIFluor test kit (availablefrom Meridian
Bioscience? cat. # 250050). Resultsare shownin Table
12.2. Oyster hemolymph or gill wash stained by the
MerlFluor? technique is a quick test that yields reliable
results for diagnosis of C. parvum (Fayer et a. 1997b).

1. Techniques for Processing and Evaluating
Oyster Gill Washes, Blood, and Water for
Cryptosporidium and Giardia

A standard 30-animal samplefrom each siteisused to assay
an area. Oysters should be collected and processed the
sameday. If thisisnot possible, shellfishmay berefrigerated
overnight (see Chapter 2 for handlinginformation). Storage
of shdllfishinaguariaor flow-through systemsto assay for
Cryptosporidiumand Giardiais not recommended because
of the potentia to flush oocysts from the shellfish, thus
yiddinganinaccurate evaluation. Oystersaredrilled along
the posterior margin between the valves using a cordless
drill witha3/32-inch bit. Drillingon thedorsal sidecloseto
the adductor muscleis not recommended; the drill bit may
dlip and cause damage to the muscle and interfere with
obtaining agood blood sample. Thedrill hole needsto be
irrigated by wash bottle containing synthetic seawater of
ambient salinity to purgetheoystersof shell debrissincethe
oysters cannot be purged in running seawater. This will
prevent mechanica damage to the adductor muscle from
shell debris when the needle is inserted. To avoid
contamination and false results, use new serile syringes
for each oyster. In this procedure, syringes are not filled
with sterile seawater beforebleeding. Longer neediesmay
be required for larger oysters, and the entry hole may
have to be drilled closer to the adductor muscle.

Table 12.2. Criteriafor stained Cryptosporidium and Giardia spp.

Sain Results Precautions Reference page
Ziehl-Neelsen acid-fast Oocystwall stainsredwith ~ Only oocyst wall stains. Acid-fast 123,124
stains light microscopy. C.  sainingalowsoneto differentiate

parvumoocystsareround  between intact oocysts and oocyst
and 4.5-5.5umin size. shells. Oocyst shellsarenot viable;
however, stain does not indicate
viability of intact oocysts. Not all
oocysts may stain.
MerlFluord
Cryptosporidium and Distinct oocyst and cyst ~ As with acid-fast staining, only 162,168
Giardia test kit wadlsganbrightgoplegreen  oocyst wall stains. This procedure

by fluorescence microscopy.
Cryptosporidium oocysts
are round and 4.5-5.5 um
in size. Depending on
Giardia sp., cysts are
variable but generdly ova
andgpprox. x15umingze.

allows examination of oocyst
morphology to determineif oocyst
wall is broken and therefore not
viable. Stain does not indicate
viability of intact oocysts.
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a. Recovery of Cryptosporidium and Giardia from
Shellfish

The following immunostain technique was adapted for
oyster hemolymph and gill wash studies and tested by
Fayer et a. (1997b, 2003) using MerlFluorakits specific
for Cryptosporidium and Giardia. It is believed that
examination of gill wash material providesinformation on
recent exposuresto Cryptosporidiumwhile examination
of hemolymph provides information on more lengthy
EXPOoSUres.

Procedure;

1) Label each disposablesyringe(3-5ccwith 18- to 20-
ganeediesat least 1v~-incheslong) to correspond with
oyster number (1-30)

2) Label aduplicate set of three-well slidessimilar to
Cel-Line (11-mm) heavy teflon-coated (HTC)
autoclavable slides (available from Erie Scientific®
cat. # 10-31H) coded according to sample siteand
oyster number. When processing is done onboard
avessel, silicone sealant may be used to make a
raised ring around each well to contain liquid sample
withinring. Allow to dry approx. 24 h

3) Add 5 ml of Hanks' balanced salt solution (BSS)
(availablefrom Invitrogen© cat. # 14170) to asterile
15-ml screw-top centrifuge tube for each oyster to
beexamined. Refrigerateuntil use. Thisformulation
of Hanks' BSS contains no calcium chloride,
magnesium chloride, or magnesium sulfate

4) Measureoysters(Fig. 12-5) and arrangein numerical
sequence for bleeding and necropsy (Fig. 12-6)

5) Drill oystersand purgedrill stewd | with sterileambient
seawater from asqueezable wash bottle (Fig. 12-7)

6) Placenumbered syringenext to corresponding oyster
(Fig. 12-8)

7) Withdraw hemolymph from oysters by aspiration
withasyringeand chill (Fig. 12-9). If performing
additional tests such as polymerase chain reaction
(PCR) or mouse assays, remove as much
hemolymph as possible, often 3-5ml

8) Place 200 pl of hemolymph from each oyster onto
individual HTC didewellsand allow to dry overnight
at room temp. (Fig. 12-10)

9) Pool remaining hemolymph in groups of 6
consecutive oysters to yield 5 pools of oyster
material for each 30-animal sample, and refrigerate
for mouse infectivity assays or PCR analysis

10) Shuck oyster, cut away mantle, and excise entire
gill tissue from oyster (Figs. 12-11, 12-12). Place
gills into individually labeled centrifuge tubes

containing 5ml of Hanks BSS (Fig. 12-13). Wash
scissors and forceps in distilled water between
oystersto help prevent cross-contamination. \Water
should be changed as needed throughout necropsy
11) With vortex mixer, or similar apparatus, mix tubes
containing gill tissuethoroughly for 15 secto didodge
oocysts. Remove gill tissue from tube and discard
12) Onto asecond set of labeled dides, pipet 200 ul of
gill wash material from each oyster and allow to dry
overnight. Whenworkinginfield, dried hemolymph
and gill wash didesmay betransported to laboratory
for staining
13) Pool remaining gill wash material in groups of 6
consecutive oysterstoyield 5 poolsof oyster material
for each 30-animal sample, and refrigeratefor mouse
infectivity assays or PCR analysis
14) Prepare a positive Cryptosporidium control slide
by drying 200 pl of asuspension of purified oocysts
15) Stain slides with MerlFluor? fluorescein-labeled
anti-Giardia and anti-Cryptosporidiummonoclonal
antibodies according to manufacturer’sinstructions
16) Examinewith epifluorescence microscope equipped
with a fluorescein isothiocyanate-Texas Red dual
wavelength filter
17) Examplesof Cryptosporidiumand Giardia stained
with MerlFluor?® are shown in Figure 12-14.
Typicaly, oocystsof Cryptosporidiumspp. infective
to humans meet thefollowing criteria:
a) Size-4.5-55um
b) Color - distinct green fluorescence
¢) Shape - round to sightly ovoid
d) Distinct oocyst wall
Giardia cysts:
a) Averagesize- 9x15 um
b) Color - distinct green fluorescence
¢) Shape- ovoid
d) Distinct cyst wall

b. Mouse Bioassay Technique to Confirm Viability
of Cryptosporidium

A standard confirmation of viability and human infectivity
of C. parvumismadethrough the use of amouse bioassay.
C. hominis is not typically transmitted to mice, thus
viability cannot be tested by this procedure. Research
using vertebrates must be conducted under protocols
approved by an Institutional Animal Care and Use
Committee in compliance with the Anima Welfare Act
and other federal regulations. The following methods
have been successfully used for testing viability and
infectivity of C. parvumisolated from oysters Crassostrea
virginica (Fayer et al. 1998, 2003):
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Procedure:

1)
2)

3)

4)

5)

Use previously combined gill wash and/or
hemolymph pools from above procedure

Filter gill wash samplesthrough a45-um screen to
remove small piecesof gill tissue

Centrifuge each pool of gill wash and/or hemolymph
at 1500 g for 15 min; decant and resuspend in 5 ml
of deionized water

Using a 26-ga, 1-inch, ball-tipped stainless steel
inoculating needle attached to apipet or 1-ml syringe,
intubate 3- to 4-day-old BALB/c mice. Feed 4 mice
atotal of 300 pl each by gastric intubation from
resulting suspensions of pooled hemolymph and/or
gill wash material over al-day period. Each mouse
can beintubated with 150 pl of material inmorning
and 150 pl in afternoon. Twenty (20) mice are
used for each 30-oyster sample

After 4 days, euthanize mice by suffocation with
CO,, followed by cervica dislocation. Dissect mice
to removethelast 1 cm of ileum prior to junction of
cecum and colon

Processtissuefor histology, and staintissuewithMHE
Examineileal epithelium by microscopy for presence
and intensity of developmental stagesof C. parvum.
Alternatively, ileum may be processed and
examined by PCR for C. parvum

c. Evaluating Water Samples for Cryptosporidium

and Giardia

An ambient water sample can be filtered from near the
benthic sediment and examined for Cryptosporidiumusing
a membrane-filter technique modified by Fayer et al.
(1999) and Ley et a. (2002). Thefollowing techniqueis
not quantitative, but simply identifies the presence or
absence of Cryptosporidium.

Procedure:

1)

2)

Using a Millipore? Y'Y 3029316 filter system,
disassemble filter holder and place a 293-mm-
diameter, 3-um-pore-size white SSWP Millipore?
filter onto astainless steel filter holder, and moisten
with sterilewater. Properly placefilter onto holder
onthefirst try when filter holder iswet (oncefilter
contacts amoist filter bed, it isdifficult to remove
and reposition without tearing). Reassemblefilter
device and sedl tightly to prevent |eakage

Tie one end of intake filter hose to an anchor line at
desired distance above anchor. A location 6-12
inches above a cement anchor works well to obtain
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3

4)

5)

6)

7)

8)

9)
10)

1)
12)

13)

14)

15)

16)

sample without prematurely clogging filter with
sediment particles

Attach intake hose to filter and pump, then gently
lower anchor to bottom to prevent disturbing benthic
sediments. Secure line to prevent intake hose from
falinginto sediment

Connect another hose to discharge port to pump
water overboard

Begin pumping water (Fig. 12-15). Notetimetaken
to fill a known volume with discharge water, then
calculate time to filter 25 L of water (our system
pumps approx. 25L/10 min)

Pump 25 L of water, then change filter membrane
(Fig. 12-16). Filter total of 50 L of bottom water at
each station (during high rain events, turbidity may
cause premature clogging of filter; thus a smaller
quantity of water should be filtered through each
membrane)

Carefully removefilter paper, fold tofitinto asterile
50-ml screw-top test tube, and return to laboratory
for processing

Remove filter from test tube. Scrape and rinse
particulatesfromfilter into abeaker. Distributeinto
replicate 50-ml sterile centrifuge tubes (number of
tubesused depends on amount of material flushed
fromfilter)

Centrifuge at 1000X g - 15 min

Remove supernatant and resuspend pellet indistilled
water to makeaworking solution from pellet (amount
of water depends on size of pellet; use <1 ml)
Remove approx. 10-15 pl and place on dlideto dry
Premix 2ml of MerlFluor?fluorescein-label ed anti-
Giardia and anti-Cryptosporidium monaoclonal
antibody detection solution with 1 ml of MerlFluor?
counterstain; then add 4 ml of phosphate buffer
solution (PBS), pH 7.2

Mix equal volume of premixed Mer|Fluor?solution
and 3-10 pl of an environmental samplein asterile
microcentrifuge tube (to conserve reagents, mix
only enough material to be examined)

Using 3-well didessmilarto Cel-Line (11-mm) heavy
teflon-coated (HTC) autoclavabledides(availablefrom
Erie Scientific® cat. #10-31H), add 2 pl of combined
sampleto each of 3-10 wellsand cover with a24- x
50-mm coverslip (minimally, 3 replicates are
recommended for each water sample)

Scan at 40X and confirm suspected positives at
100X with epifluorescence microscope equipped
with afluorescein isothiocyanate-Texas Red dual
wavelength filter

In addition to fluorescence microscopy, the sample
may be evaluated using PCR techniques by adding
DNA extraction buffer to remaining material



Note: When apump is not available to obtain a bottom
sample, a10-L surface water sample may be substituted.
Rinse and empty carboys 3 times at each station, then fill
with surfacewater. Upon return to laboratory, filter water
through a 3-um-pore-size white SSWP Millipore® filter
and process as above in steps 8-17.

D. Footnotes

aMeridian Bioscience, 3471 River Hills Drive,
Cincinnati, OH 45244, (800) 543-1980.
www.meridianbioscience.com

bErie Scientific Co., 20 Post Road, Portsmouth, NH
03801. (800) 258-0834. www.eriesci.com
‘Invitrogen, 1600 Faraday Ave., Carlsbad, CA 92008.
(800) 955-6288. www.lifetech.com

dMillipore Corp., 80 Ashby Road, Bedford, MA 01730.
(800) 645-5476. www.millipore.com
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Juvenile oyster disease (JOD).
Figurel12-1a. Shellsof normal juvenileoysters. Figure12-1b. Shellsof JOD-infected oystersdisplaying conchiolinous
shell lesions (black arrows); mantle recession (fouling of inside posterior margin of bottom shell) can be seen on shells
of several JOD-infected oysters (white arrow). Figure 12-2. Shell checks on bottom valve (arrows). Figure 12-
3. Shell checks on top valve (white arrows) and mantle recession (area between bars, black arrow). Figure 12-4a.
Mantle lesion with small round bodies (arrows) indicative of JOD-infected oyster stained with FPM. Figure 12-4b.
Mantle lesions stained with MHE.
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Diagnosis of Cryptosporidium and Giardia from oysters and water.
Figure 12-5. Measure oysters prior to processing. Figure 12-6. Lay oysters in numerical sequence prior to
bleeding and necropsy. Figure 12-7. Drill oysters in preparation for bleeding. Figure 12-8. Place numbered
syringes next to corresponding oyster. Figure 12-9. Bleed oysters. Figure 12-10. Dispense hemolymph onto
heavy teflon-coated (HTC) autoclavablering slide to be stained by MerlFluor?.
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Diagnosis of Cryptosporidium and Giardia from oystersand water (cont.).
Figure 12-11. Shuck oysters. Figure 12-12. Cut away mantle tissue and excise gills for analysis. Figure 12-
13. Placegillsin buffer solution. Figure 12-14. Examples of Cryptosporidium oocysts (spherical) and Giardia cysts
(large ovoid) stained by MerlFluor? (photomicrograph courtesy of Dr. J. Trout, USDA, Bdltsville, MD). Figure12-15.
Pump benthic water through filter. Figure 12-16. Particles captured by filtering for Cryptosporidium spp.
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CHAPTER 13. DIAGNOSTIC TECHNIQUESFOR THE SOFTSHELL CLAM
MYA ARENARIA LINNAEUS, 1758

Shawn M. McLaughlin

A. Introduction

The softshell clam Mya arenaria belongs to the phylum
Mollusca. Thishivave mollusk isalso referred to as soft
clam, squirt clam, softshell, manninose, longneck, steamer,
and gaper. Mya arenaria is widely distributed in both
North American and European coastal watersand survives
in a broad range of salinities and temperatures. Large
softshell clam abundances, located intertidally in New
England and subtidally in the Chesapeake Bay, have
supported valuablecommercial and recreational fisheries;
however, landings have steadily declined over thelast two
decades (NMFS 2003) due to natural and anthropogenic
factorsincluding mortalities caused by disease.

A number of parasites, diseases, and disorders have been
reported with varying effectson the health of M. arenaria
(Table 13-1). Disseminated sarcomas, also called
hematopoi etic neoplasms or clam leukemia, and gonadal
neoplasms cause devastating softshell clam mortalities
(Yevichand Barszcz 1977, Farley et a. 1986). Perkinsus
Spp. parasites have a so been associated with disease and
mortalitiesof softshell clams (Andrews 1955, McLaughlin
and Faisal 1998a, 2001, Dungan et al. 2002). Rickettsia-
like organisms (RLOs) have been described in digestive
diverticula(Harshbarger et a. 1977) and gills(Frieset a.
1991) of softshell clamswith undetermined host effects.
Bacteriasuch as Vibrio spp. were isolated from softshell
clams during natural mortality eventsin the Chesapeake
Bay and caused death upon laboratory inoculation into
softshell clams (Tubiash 1971, Kaneko et al. 1975). A
strain of V. anguillarumisolated from the hemolymph of
moribund softshell clamswas not found in the hemolymph
of healthy animals (McLaughlin 1991). Environmental
conditionsincluding poor water quality, sudden changes
in temperature or salinity, and high temperatures may
adversely affect softshell clams (Kennedy and Mihursky
1971). This chapter focuses on diagnostic techniques
commonly used to identify disseminated sarcomas and
Perkinsus spp. infectionsin softshell clams. Additional
techniquesfor assessing the health of softshell clamsare
also described.

B. Health Assessment

1. GrossExamination

The overall hedth of softshell clams is determined by
assessing the condition of the shell and body, and noting
any obviousabnormalities.

a. Shell

The two valves of the shell are ovate-elongate in shape
with a rounded anterior and slightly pointed posterior.
The surface isusually chalky white and may be covered
with a thin grayish-brown periostracum. Concentric
annular marks or rings occur as rough striations on the
shell. Theseringsresult from different growth ratesduring
the year and may be used to estimate clam age since cold
winter temperatures restrict growth (Hanks 1963). The
internal surface of the shell issmooth and light brownin
color. Examine shellsfor holes, discoloration, and other
abnormalities described in Chapter 3.

b. Siphons

Theincurrent and excurrent siphons extrude from agape
located at the posterior portion of the shell. A healthy
clamwill respond to touch by rapidly retracting itssiphon
muscle. Clams stressed by high temperatures or poor
water quality may extend their siphons several timesthe
length of their bodies. Limp, nonresponsive siphons are
indicative of moribund or dead clams.

c. Body Condition

Open the shell by inserting aknife into the gape beneath
the siphon muscle and run the blade carefully along the
edge. Sever the attachment of the anterior and posterior
adductor muscles to remove the shell. Assess body
condition and other physiological indicatorsdescribed in
Chapter 3. Inahealthy clam, thevisceral massor “belly”
isplump and creamy white, the kidney massand digestive
gland arebrown, and the gillsare usualy beige.
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Table 13-1. Examplesof parasites, diseases, and disorder s of softshell clams.

Organism or condition Tissue Original citation

Proliferativedisorders

Cauliflower-like papillary tumors Rectum Hueper (1963)

Benign tumor Siphon Pauley and Cheng (1968)

Supernumerary and bifurcated siphons Siphon Tubiash et al. (1968)

Hyperplasia Gill filament, kidney Barry et al. (1971)

Gonadal neoplasm Gonads Barry and Yevich (1975)

Disseminated neoplasia Hemolymph Yevich and Barszcz (1976)

Teratoid anomaly

Viruses
Virus-likeinclusions (Papovaviridae)

Virus-likeinclusions (Paramyxoviridae)
Putativeretrovirus

Bacteria
Enterobacteriaceae
\ibrio parahaemolyticus
V. anguillarum strain

Rickettsia-likeorganisms

Protozoans
Parachaenia (= Ancistrocoma) myae

Perkinsus sp.
P. marinus, P. chesapeaki

Larval trematodes
Himasthla quissetensis
Cercaria myae

Copepods
Myicola metisiensis
Leptinogaster (=Myocheres) major

Muscle, nerve, glandular
epithelium

Connectivetissue, hemocytes,
gill epithelium

Teratomatous glandul ar tissue
Tissue homogenate

Tissue homogenate
Tissue homogenate
Hemolymph

Digestivediverticula,
gill epithelid cells

Excurrent siphon, pericardial
cavity

Unspecified

Hemolymph, gills, palps

Gills, palps
Gonad, digestivegland,
hemocod

Gills
Mantle cavity

Harshbarger et al. (1979)

Farley (1976)

Farley (1978)
Oprandy et a. (1981)

Kaneko et al. (1975)
Earleand Crisley (1975)
McLaughlin (1991)

Harshbarger et a. (1977),
Frieset a. (1991)

Kofoid and Bush (1936)

Andrews (1955)

McLaughlin and Faisal (1998b),
Kotob et al. (1999), McLaughlin
et al. (2000)

Uzmann (1951)

Uzmann (1952)

Wright (1885)
Williams(1907)
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2. Hemolymph Examination

Softshell clams have atwo-chambered heart and circul ate
hemolymph in an open system. Suspended in the liquid
or plasma component of the hemolymph are hemocytes
including granulocytes and agranul ocytes (Huffman and
Tripp 1982). Bacteria, parasites, and disseminated
sarcomas can be diagnosed by examining afew drops of
hemolymph under the microscope. Further, the plasma
component may be separated from the hemolymph in
order to investigate hemolymph factorsrelated to defense
mechanisms.

a. Collection of Hemolymph

Healthy clams survive regular bleedings of 1 ml or less
but severa recovery days should be alowed between
bleedings. Exsanguination usually resultsin rapid death
of clams aready stressed by disease or environmental
conditions. Hemolymph collected from healthy clamsis
clear in color while hemolymph from clamswith advanced
disseminated sarcomas is often milky white.

Procedure:

1) With cotton swab moistened with 90% al cohol, wipe
surface of anterior or posterior adductor muscle
exposed on either side of shell hinge

2) Withdraw hemolymph by inserting needle of agterile
syringe 4-7 mm into posterior or anterior adductor
muscle. Insertion of needle may be facilitated by
gently rubbing the opposite adductor muscleto relax
tightly closed shells

3) Retract plunger of syringeslowly to withdraw afew
drops of hemolymph. A turberculin syringewith a
27-ganeedleisadequatefor collecting small amounts

b. Wet mount

A nonguantitative technique that provides a preparation
to rapidly identify and estimate stages of disseminated
sarcoma in softshell clams for in vitro studies or other
applications. Parasitesand other microrganismsmay aso
be observed in the hemolymph preparations.

Procedure:
1) Place 1-2 drops of hemolymph onto a clean

microscope slide coated with poly-L-lysine (PLL)
by gently pushing plunger of syringe; then coverdip

2) Examine wet mounts by phase or Hoffman
modulation contrast to estimate ratio of normal
hemocytes (Fig. 3) and sarcoma cells (Fig. 4), or
for presence of microorganisms

Note: Norma hemocytes are amoeboid with extended
pseudopodia and small round nuclei while sarcoma cells
areround, refractile, and have ahigh nucleusto cytoplasmic
ratio. Ratio of sarcomacellsto normal hemocytesincreases
as sarcomas progressin severity.

c. Sained Preparation of Hemolymph Céellular
Component

A quantitative method developed by Farley et al. (1986)
for identifying and staging disseminated sarcomas in
softshell clam hemolymph. The permanent stained
monolayer preparations are found to be more accurate
than histology for detecting early stages of the disease
(Farley 1989). Thepreparationsmay also reveal systemic
infections by parasitesand other microorganisms.

Procedure;

1) Preparederileartificial seawater diluent, suspension
chambers, and/or telflon-coated dlidesaccording to
Farley (seepp. 143-144). For diagnosing sarcomas,
slides must be PLL-coated (see pp. 75-76)

2) Draw 2.7 ml of sterileambient seawater diluent into
a3-ml syringe and refrigerate until cold

3) With cotton swab moistened with 90% al cohol, wipe
surface of anterior or posterior adductor muscle
exposed on either side of shell hinge

4) Insert needlebetween valvesinto anterior or posterior
adductor muscle (5- to 10-mm penetration), avoiding
thegonad andintestine

5) Withdraw 0.3 ml hemolymph into diluent seawater
solution (dilution factor 1:10-1:30 hemolymph to
seawater)

6) Removeneedlefromsyringeand place3ml of diluted
hemolymph into suspension chamber

7) Allow cellstosettle—1h

8) Remove chambers; while wet, place slides (facing
forward) infixative of choice

9) Washweéll inrunning tap water

10) Stain preparations with Feulgen picromethyl blue
(FPM) or stain of choice

11) Mount with Permount and coverslip

12) Examine preparationswith bright field microscopy
to determine presence and stage of sarcoma (Table
13-2)
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Note: Ratio of normal hemocytes (amoeboid with
extended pseudopodiaand smaller nuclei) (Fig. 13-5) to
sarcoma cells (rounded hyperchromatic cells with high
nucleus to cytoplasmic ratios) decreases as sarcomas
progressin severity (Table 13-2). Inadvanced cases, the
field will bedominated by sarcomacells(Fig. 13-6).

d. Separation of Plasma from Hemolymph

A method for preparing cell-free hemolymph to analyze
activities of hydrolytic enzymes, protease inhibitors,
microbial peptides, and other factors found in plasma of
softshell clams (Huffman and Tripp 1982, Elsayed et al.
1999).

1) Withdraw hemolymphinto a3- to 5-ml syringe

2) Removeneedleand release contentsof plunger into
asterile centrifugetubeheld onice

3) Captubeand centrifugeat 400 rpm - 10 min at 4°C

4) Filter cell-free hemolymph using a 0.22-um
Milliporefilter

5) Aliquot asneeded into containersheld onice

6) Anayzeplasmaimmediately or storeat -20°C

C. Tissuelncubation and Special Media

Chapter 3 outlines the procedure for analyzing rectal
tissues of softshell clams for Perkinsus infections using
Ray’s fluid thioglycolate medium (RFTM) (Ray 1952).
General procedures for this technique are further
described in Chapter 14. Additional information for the
application of thetechniqueto softshell clamsisprovided
below. Further, amethod for isolating and propagating
Perkinsus spp. in vitro from softshell clamsis described.

1. Formation of Hypnospores in Ray’sFluid
Thioglycolate Medium (RFTM) (Ray 1952)

Diagnostic methods used for the detection of Perkinsus
spp. inmollusksvary in complexity and efficacy; however,
the relatively inexpensive, semiquantitative assay
developed by Ray (1952) continues to be the assay of
choice. In this technique, pieces of mantle, rectum or
other tissues are incubated separately in Ray’s fluid
thioglycolate medium (RFTM) for several days.
Perkinsus spp. cellsbecomeenlarged in RFTM and form
hypnospores that stain blue-black with Lugol’s iodine
solution. It should be noted that some phytoplankton
may stainwith Lugol’siodine and producefal se positives
in RFTM assays (Almeidaet al. 1999).

Table13-2. Sagesof softshell clam sarcomas. Criteria
based on theratioin suspension chamber sof sar coma
cellsto hemocytesin hemolymph of neoplastic clams
(Farley et al. 1991).

Stage Sarcomacells Hemocytes

1 1-9cdls 100,000
2 1-9cdls 10,000
3 1-9cdls 1,000
4 1-9% 91-99%
5 10-49% 51-90%
6 50-89% 11-50%
7 90-100% 1-10%

The selection of tissues for incubation in RFTM is an
important consideration when attempting to diagnosis
Perkinsus spp. infection in mollusks. Rectal and mantle
tissuesare used in RFTM assaysfor routine diagnosi s of
P. marinus infection in the eastern oyster Crassostrea
virginica (Ray 1966) because early infections occur in
the digestive epithelium and mantle connectivetissuesin
this species (Mackin 1951). On the contrary, gill and
labial palp tissues are more effectivefor diagnosing early
Perkinsus spp. infections in clams. Rectal tissues are
adequate for diagnosing moderate to advanced Perkinsus
infections in clams; however, early infections are often
undetected by this method (Rodriguez and Navas 1995,
McLaughlin and Faisal 1999). The incubation of gill or
labial palp tissues and rectal tissues in separate RFTM
assays allows one to judge the intensity of infection and
itsprogression in each clam.

The rapidly systemic nature of P. marinus infections in
oystersaffordsthe use of alessinvasiveassay that utilizes
hemolymph withdrawn from live animals and incubated
in RFTM (see Farley, Chapter 10; Gauthier and Fisher
1990). Thehemolymph assay haslimited value, however,
for routine diagnosis of Perkinsus spp. in clams because
the parasites can be detected in the hemolymph only in
more advanced infections (McLaughlin and Faisal 1999).
For both oysters and clams, the accuracy of RFTM in
quantitation of parasite body burden may beimproved by
incubating the entire body in RFTM (Choi et al. 1989,
Bushek et al. 1994) when tissues are not needed for
histology or other applications.

Procedure;

1) Prepare RFTM and Lugol’s iodine stock and
working solutions (see pp. 179-180)
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2) Measureclam shellslongitudinally (see Fig. 3-59).
Open clamswith disposabl e scalpel (see Fig. 3-60)

3) Locateand, with sharp scissors, excisedistal portion
of each gill (approx. 3-5mmin size depending upon
sizeof clam) (Fig. 13-7) and labia paps(Fig. 13-8)

4) Place tissues on edge of culture tube and, with a
hooked glass rod, immerse in RFTM (Fig. 13-9).
Do not contaminate tubeswith Scissors; rinse scissors
and glassrod thoroughly

5) Incubatetubesindark —72 h

6) Remove tissue from tube with a hooked glass rod
and place on correspondingly coded didewith 1 drop
of Lugol’siodineworking solution (seeFig. 14-2)

7) Tease tissue apart with probes (Fig. 13-10); clean
probeswith distilled water between each specimen

8) Addanother drop of Lugol’siodineworking solution
and placeacoverdipondlide

9) Examinedlides. Figure13-11 shows Perkinsus sp.
hypnospores stained with Lugol’s; Figure 13-12
shows gill tissue infected with Perkinsus sp.

2. InVitroPropagation

Perkinsus species may be isolated and cloned from
softshell clams, and other mollusks, using specia media.
Theability to grow Perkinsus speciesin continuousculture
wasfirst demonstrated by LaPeyreeta. (1993) using a
medium closely resembling bivalve plasmacomposition.
Perkinsus chesapeaki and P. marinus wereisolated and
cloned from softshell clams (McLaughlin and Faisal
1998b) using media and methodology developed for
oyster P. marinus (La Peyre et a. 1993, La Peyre and
Faisal 1995). A variety of culture media and methods
shown to be successful in propagating Perkinsus species
arereviewed by La Peyre (1996).

Procedure:

Follow the RFTM procedure outlined above, except place
extrapiecesof gill or palpsinto the sampletubes. When
a sample with a moderate to advanced Perkinsus spp.
infectionisidentified by Lugol’s staining, the unstained
extrapieces of tissuesin the RFTM tubes may be used to
initiate cultures.

1) Use aseptic techniques throughout procedure.
Prepare JL-ODRP-1 (see La Peyre et a. 1993) or
other Perkinsus growth media

2) Place 5 ml of growth mediain 5-cm culture flasks
with asterile pipet

3) Transfer tissuesfrom RFTM tubeinto culture flask
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4) Mincetissuesinflask with asterileinoculating loop

5) Incubate at 28°C with 5% carbon dioxide tension -
2-3 wk, and subculture as needed

6) Using amicroscope housed in abiological laminar
flow hood, select cultures dominated by Perkinsus
cells and serialy dilute cells with fresh growth
medium to 1 cell/200X microscopicfield

7) Selectasinglecell fromserialy diluted cultureswith
asterile micropipet

8) Placecloned cell into well of a96-multiwell tissue
culture plate containing fresh media

9) Incubate at 28°C with 5% carbon dioxide - 3 wk,
and repeat cloning procedure

10) Subculture cloned isolatesin fresh media- every

4-6 wk

D. Bacteriology

A variety of selective and nonselective mediaareavailable
for theisolation of bacteriafrom thehemolymph of softshell
clams. A presumptive diagnosis of Mibrio spp. may be
made using asel ective mediacalled thiosulfate citrate bile
sdts sucrose (TCBS). Confirmation of the identity of
isolates can be obtained using an API-20EP identification
system developed for Enterobacteriaceae and other
nonfastidious gram-negativerods.

Procedure:

1) Throughout procedure, use aseptic techniques and
appropriate handling precautionsfor bacterial group
to be studied

2) With cotton swab moistened with 90% al cohol, wipe
surface of anterior or posterior adductor muscle
exposed on either side of shell hinge

3) Inserta27-ganeedleof asterileturberculin syringe
into anterior or posterior adductor muscle (4- to 7-
mm penetration)

4) Retract plunger of syringeslowly to withdraw afew
drops of hemolymph

5) Lift lid of TCBS plate. Gently expel 1 drop of
hemolymph onto plate and streak with a sterile
inoculating loop to obtain isolated colonies

6) Replacelid and incubate - 48 h at 28°C

7) Examineplatefor characteristic colonia morphology

8) Prepare API-20E" biochemical test kit per
manufacturer’s instructions

9) Pick upasinglewdll-isolated colony from platewith
asterile pipet

10) Place colony in 5 ml of 0.85% NaCl medium



provided with kit and carefully emulsify to achieve
ahomogeneous bacteria suspension

11) With same pipet, apply bacterial suspension to test
strip following manufacturer’ sinstructions

12) Incubate - 18-24 h at 35-37°C

13) Record reactions and identify species using the
provided Analytical Profilendex

E. Histology

The most common method for assessing softshell clam
health is by microscopic examination of tissues. Tissues
from softshell clams are processed following routine
histology protocols described in previous chapters.
Davidson’s fixative and 1% glutaraldehyde/4%
formaldehyde (1G4F) fixative prepared in half ambient
seawater provide adequatetissue preservation. Paraffin-
embedded sections are routinely stained with Mayer’s
hematoxylinand eosin (MHE) or special stains, as needed.
Figures 13-1, 13-2, and 13-12 show the histology of
disseminated sarcomas, RLOs, and Perkinsus spp.
infections in softshell clams. It should be noted that
histology preparations areinadequate for the detection of
early Perkinsusinfectionsin oysters and clams (Mackin
1962, Rodriquez and Navas 1995, McL aughlin and Faisal
1999) or for detecting early stages of disseminated
sarcomas (Farley 1989).

F. Electron Microscopy (EM)

Tissues fixed in 1G4F may also be processed for
examination by EM. Chapter 14 providesadditiona details
for preparing tissuesfor ultrastructural examination. EM
isthe method of choicefor identifying virusesand RLOs.

G. Footnotes

aMillipore Corp., 80 Ashby Road, Bedford, MA 01730.
(800) 645-5476. www.millipore.com

®hioM érieux, Inc. 100 Rodolphe St., Durham, NC 27712.
(800) 682-2666. Www.hiomerieux-usa.com
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Diagnosis of sarcoma and rickettsia-like organismsin the softshell clam Mya arenaria.
Fig. 13-1. Sarcomain gill tissue stained with MHE. Fig. 13-2. Rickettsia-like organisms (RLOs) in digestive gland
tissue stained with MHE. Fig. 13-3. Suspensions of hemolymph showing normal amoeboid hemocytes (Hoffman
modulation contrast). Fig. 13-4. Suspensions of sarcoma cells (Hoffman modulation contrast). Fig. 13-5. FPM-
stained histocytology preparations of hemolymph showing normal amoeboid hemocytes. Fig. 13-6. FPM-stained
histocytology preparations of sarcomacells.
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Diagnosis of Perkinsus spp. in the softshell clam M. arenaria.
Fig. 13-7. Locate and excise gill tissue to test for Perkinsus sp. Fig. 13-8. Locate and excise palps from body of
clam. Fig. 13-9. Insert tissue into marked tube containing thioglycolate medium. Fig. 13-10. Tease tissue apart for
examination of Perkinsus sp. Fig. 13-11. Perkinsus sp. stained with Lugol’s in RFTM assay. Fig. 13-12.
Perkinsus sp. in gill tissue stained with MHE.
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CHAPTER 14. SPECIAL TECHNIQUES

A. Introduction

In the course of histological and disease studies, there
are many special techniques that may be adapted,
developed, or otherwise employed to aid in particular
areas of studies. Specia techniques include media for
diagnosis of Perkinsus marinus which often are more
reliable than histological diagnosis, methodsto culture
ciliates from oysters, and preparation of tissues for
specialized electron microscopy (EM), including use of
histological specimens for EM. In addition, methods
are provided for decalcification of specimens for
histology, preparation of very tiny organisms or cell
suspension in agar for sectioning, and the transfer of
tissue sections from broken slides. Use a fume hood
and personal protective equipment (PPE) inthe preparation
of chemicals.

B. Detection of Perkinsus spp.

The thioglycolate test is used on many fresh shellfish
specimens. The technique described below was
devised by Ray (1966) and is routinely used for
detection of Perkinsus marinus (Levine 1978). This
method is effective in discerning both light and heavy
infections, but does not distinguish among species of
Perkinsus. Also see P. marinus detection by
hemanalysis (p. 146).

Procedure:

1) Heat digtilled water to aboil

2) In fume hood, stir in fluid thioglycolate medium?
(containing dextrose) and NaCl (salt) until both are
dissolved

3) Remove from heat and add chloramphenicol?

4) Dispense mediainto 250- or 500-ml culture bottles

5) Autoclave - 15 min at 15-17 |b pressure

6) Storein dark at room temp. until needed. Before
use, dispense into 2-ml sterile disposable tubes

7) Add 2-3 drops of nystatin® into each 2-ml tube

immediately before using. Do not shake tubes
8) With scissors, excise target tissue (rectal, gill, or
palp) of each mollusk during initial necropsy and
placein separately labeled tubes (Fig. 14-1); do not
contaminate tubeswith scissors.
9) Indigtilled water, rinsescissorsand glassrodto avoid
carryover contamination - 5-10 sec
10) Once samples have been processed, return tubesto
dark for at least 72 h before examination
11) PrepareLugol’siodinestock* and working® solutions
12) Removetissuefrom tubewith hooked end of athin
glassrod and place on correspondingly coded slide
13) Add 1 drop of Lugol’siodineworking solution® (Fig.
14-2). Tessetissueapart with probes(Fig. 14-3); clean
probes with distilled water between each specimen
14) Addanother drop of Lugoal’siodineworking solution®
and placeacoverdlipondide (Fig. 14-4)
15) Examine slides (Fig. 14-5). Figure 14-6 shows a
moderateinfection (intensity level 5) of P. marinus

Results:

A positiveinfection of P. marinuswill show symmetrically
round blue-black to solid black spheres with the use of a
dissecting or standard microscope.

Reagents:

IFluid thioglycolate medium (+ dextrose)

Thioglycolate medium............ccocoeoveeeenennene. 146 gm
NBCI ..o 10.0gm
Digtilled Water ........ccoveveiveeeece e 485.0 ml

Note: Fluid thioglycolate medium available from Becton
Dickinson? cat. # 4311260.

2Chloramphenicol
Chloramphenicol .........ccccccvvievvieiiereeseenen, 0.25gm
Distilled Water ........cccoeeveieeiiereeeeceseeenns 10.0 ml

Note: Chloramphenicol available from Sigmea’ cat. # C-
0376.
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3Nystatin
NYSEELN oo 500,000 usp units
Steriledistilledwater ..........ccocevvvviiecerennne. 125.0ml

Shake well before using; refrigerate unused portion.
Note: Nystatin available from SigmaP cat. # N6261.

4Lugol’siodine stock solution

Potassium i0dide .........ocooeveieeieniniicice 6.0gm
[OAINE ... 4.0gm
DistilledWater .......cccoeeeevevieeeereeiee e 100.0ml

SLugoal’siodineworking solution
DistilledWater ......cceoeeeriieieeeeese e 30.0ml
Lugol’SStOCK .....c.coveeriiriiiceceeee e 15.0ml

C. Ciliate CulturePreparation from Oysters

Sterile 24-well cell culture plates are recommended for
oysters up to 15 mm in size. For larger oysters, use 6-
well platesor large sterile culture containers.

Procedure;

1) Sdectal2-oyster sampleand correspondingly label
culture container with histology code
2) Washintapwater to removeexcessdebrisor fouling
organisms
3) Soak oystersin 50% solution of bleach - 2 min
4) Wash thoroughly in tap water - 6 times, or until
bleach smell isnot detected
5) Rinsein sterile synthetic seawater - 1 min
6) Placeingterilecdl wellswith2ml of sterilesynthetic
seawater - 24 h
7) Draw off 2ml of liquidandfix in Bouin’s'Davidson’s
fixative (seep. 60)
8) Immerse oystersin another set of sterile cell wells
with sterile synthetic seawater - 24 h
9) Remove, discard, or process oysters for histology
fromcell wells, add 1 grainof riceto cell wells
10) Check wellsnext day for viableciliates
11) Subcultureto makeclonal cultures

Note: Cultureuntil asignificant number of animalscanbe
harvested onto adidefor fixation, staning, andidentification.

D. Electron Microscopy (Dr. Joel Bodammer,
NOAA, pers. commun. 1971)

In addition to light microscopy, some cells, tissues, or
samples may be examined by electron microscopy (EM).
Wholeor partial specimensmay be examined by scanning
electron microscopy (SEM) or thin sectionsby transmission
electron microscopy (TEM).

Preparation of marine invertebrate animals can be more
difficult than mammalian tissuesto yield good material for
examination by EM. There are occasions when tissues
fixed for histology may need to be further examined by
EM or fresh samples may need to be processed. Many
combinations of fixatives and buffersare availablefor the
preservation of fine structure. Microwavable methods
allow rapid fixation and processing of fresh samples
(Giberson and Demaree 2001). Werecommend different
procedures for osmoregulating animals, such as fish and
crustaceans, vs. non-osmoregulating animals, such as
mollusks. We provide a selection of fixatives that have
yielded good resultsover yearsof diseasework on abroad
range of marine animals. These fixatives include a
combination of glutaraldehyde and phosphate buffer for
preservation of tissues from osmoregulating speciesto a
glutaraldehyde and seawater mix for non-osmoregulating
species. Advantages of using aphosphate buffer include:

e Stock reagents are easily prepared and have alengthy
shelf lifewhen refrigerated.

e AppropriatepH (usualy 7.2-7.4) can bereadily attained
by careful volumetric combinations of stock reagents
instead of by titration. A morealkalinepH (8.0-8.4) is
often used for marineinvertebratesand protists (Hayat
1989).

e Specimenscan bestored in refrigerator for reasonable
period of time in fixative-buffer solution without
noticeable loss of buffer effectiveness provided a
purified glutaral dehyde was used.

Many chemicals used in processing tissues for EM are
hazardous. A fume hood and personal protective
equipment (PPE) should be employed. Proper disposal
of chemicalsis necessary.

1. Preparation of Fresh Tissuesfor Transmission
Electron Microscopy (TEM)

Temperature, pH, osmolarity, fixation time, and specific
buffers are known to affect the quality of EM fixation.
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Thickness of tissues should be limited to alow quick and
uniform penetration of fixative. Investigatorsmust decide
between fixation at warmer temperatures that may allow
ahigher rate of autolysisbut quicker penetration and more
rapid fixation of tissues, and fixation at colder temperatures
that reduces autolysis but also decreases fixative rate and
penetration. Werecommend fixatives madewith Sorenson
phosphate buffer and Spurr epoxy resin for embedding
most specimens. The fixative should be slightly
hyperosmotic since it will be diluted by the addition of
tissues. It is better to have a dight shrinkage of tissue
than swelling.

a. Osmoregulating species

Procedure:

1) In fume hood, prepare 30 ml of primary fixative
and refrigerate; prepare and refrigerate Sorensen
phosphate buffer? and rinse® solutions

2) Preparesmall printed specimenidentificationlabels
to insert into embedding capsules

3) Performnecropsy to excisedesired freshtissue; keep
immediatework areaflooded with primary fixative

4) Inenoughfixativeto cover tissue, mincetissuewith
one quick motion into smaller cubes not exceeding
0.5-1 cumm

5) Placemincedtissuein vial of primary fixative' - 1-
1% h a room temp., or minimum of 12 h at 0-4°C
(for fixation at 0-4°C, fixative should be chilled to
4°C before use)

6) Rinsein Sorenson buffer solution®; buffer should
beisotonic withthat of primary fixative! - 4 changes,
5 min each at room temp., or 15 min each at 0-4°C

7) Postfixin 1% osmium tetroxide® - 1 h at room temp.,
or 2-4 h at 0-4°C. Osmium tetroxide fumes are
hazardous to eyes, nose, and throat; use only
in hood and wear proper PPE

8) Rinse in filtered distilled water at room temp. to
prevent formation of crystals - 3 changes, 10 min
each

9) Prepareresinmixturesto beused ininfiltration step.
Sinceresinsare hygroscopic, minimizetimebefore
use (alow at least 15 min mixing time)

10) Dehydrateat roomtemp. ingraded seriesof ETOH,
then propylene oxide (PO). PO is hygroscopic
and extremely flammable. Sorein flammables
refrigerator

50% ETOH - 10 min
70% ETOH - 10 min
95% ETOH - 2 changes, 5 min each

100% ETOH - 3 changes, 10 min each
PO - 4 changes, 5 min each
11) Using rotary mixer, infiltrate tissues in mixture of
PO and embedding resin
PO/Spurr resinmixed 1:1-1h
PO/Spurr resin mixed 1:2- 1 h
PO/Spurr resinmixed 1:3- 2 h
PO /Spurr resin mixed 1:3 - overnight
100% Spurr resin - 2 changes, 2 h each
12) Roall individual identification labels around pencil
or similar object and placelabel into each embedding
capsulewith print facing outward
13) Fill each capsule with Spurr resin
14) Removeindividua piecesof tissuefrominfiltration
vial and placeinto embedding capsule; orient tissue
asdesired
15) Polymerize in vacuum oven - 8-12 h at 60-65°C
16) Allow to cool and remove capsule
17) Trim and section block

Note: Above procedure for multiple pieces of tissuefrom
same animal can be carried out in same screw-cap glass
via until placed intoindividual embedding capsulein step
14. To prevent PO from extracting moisture from
atmosphere, aliquot into small brown bottlesthat are kept
tightly sealed and refrigerate until use. 1f PO becomes
moisture-ladened, small holeswill developin polymerized
embedding media. Alternative fixatives for EM include
1GAF (see p. 63) which can be used for histology if EM
sections are needed.

Reagents:

Primary fixative
0.2 M Sorensen phosphate buffer solution,

PH 7.4 oo 15.0 ml
8% ultrapure EM grade glutaraldehyde ......... 7.5 ml
Distilled Water .......cccooeeerenireeeeeseeeeeee 7.5 ml

Note: Yields a 2% glutaraldehyde fixative with pH of
7.4. Purchase glutaraldehyde in 10-ml ampoules.

2Sorensen phosphate buffer solution (Hayat 1989)
Solution A:
Sodium phosphate, dibasic

(Na,HPO,2H,0) ....cceverrirririne. 11.876gm
Distilled water to make ........ccoveveneee. 1000.0ml
Solution B:
Potassium phosphate, monobasic
(KH,PO,) o, 9.08 gm
Distilled water tomake ........coceeevveennee.. 1000.0ml
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From chart below, obtain desired pH by adding solution
B to the given amount of solution A to make 100 ml:

Solution A (ml) Fina pH of buffer

0.6 4.9

2.3 5.3

4.9 5.6
121 6.0
26.4 6.4
49.2 6.8
61.2 7.0
67.0 7.1
72.6 7.2
7.7 7.3
81.8 7.4
85.2 7.5
88.5 7.6
93.6 7.8
96.9 8.0

3Sorensen buffer rinse solution
0.2 M Sorensen phosphate buffer, pH 7.4 .... 15.0 ml
DistilledWater ......oveeeeeeeeeeeeeeeeeeeeeeeeee e 15.0 ml

41% osmium tetroxide
2% agueous solution of osmium mixed 1:1 with
Sorensen buffer just prior to use

Note: For non-osmoregulating species, mix 2% aqueous
solution of osmium tetroxide 1:1 with double strength
seawater prior to use.

b. Non-osmoregulating species

Procedure:

Follow procedure as above for osmoregulating species,
(see p. 181) with the following exceptions in steps 1-7:
(2) For primary fix, mix glutaraldehyde with artificial
seawater of same salinity and pH in which specimens
resided; and (2) substitute artificial seawater for
Sorensen buffer and buffer rinses. Maintain osmolarity
of fixative and rinses at or dightly hyperosmotic to that
of seawater used.

Reagents:

Primary fixative
50% ultrapure EM grade glutaraldehyde......... 1.2ml
Artificial ambient seawater (see p. 144) ....... 28.8ml
Adjust pH to 7.4-8.4 using 1N NaOH (see p. 191)
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2. Preparation of Hemolymph or Cdl Suspensions
for TEM

Recommended procedure to provide a block of cellsin
pellet form for TEM examination.

Procedure;

1) Molluskscan bebled at roomtemp., but crustaceans
should be chilled in refrigerator before bleeding
2) Infumehood, preparefixativetoafina concentration
of 4% glutaraldehyde in 0.1 M Sorensen phosphate
buffer rinse solution (see pp. 181-182), buffered to
physiologica pH (7.4-8.4) of tissuesat roomtemp.,
and chill to 4°C
3) Extract hemolymphfromanimalsinto a5-cc syringe
containing 3 cc of chilled fixative. Allow to fix in
icebath - 20 min
4) Dispense hemolymph/fixative mixtureinto 1.5-ml
clear PO-safe centrifugetubesand centrifuge at 3300
rpm - approx. 2 min
5) Remove supernatant, replace with fresh cooled
fixative, and disperse pellet into new fixative
6) Refrigerate and allow fixation to continue - 6-12 h
7) To remove fixative, rinse sample - 4 changes, 5
min each, with 0.1 M Sorensen phosphate buffer
solution chilled to 4°C. With exception of last rinse,
disperse pellet with each change of buffer
8) Pellet may be stored overnight in 0.1 M Sorensen
phosphate buffer rinse solution at 4°C, or continue
with embedding
9) Combine equal volumes of 2% osmium tetroxide
with 0.2 M Sorensen phosphate buffer solution (see
pp. 181-182). Osmium tetroxide fumes are
hazar dousto eyes, nose, and throat; useonly in
hood and wear proper PPE
10) Dispense 1.0 ml into each microcentrifuge tube;
resuspend pellet and fix at roomtemp. - 1 h
11) Centrifugeasaboveand properly discard supernatant
12) Dehydrate at roomtemp. infollowing graded series
of ETOH, then propylene oxide (PO). PO is
hygroscopic and extremely flammable. Storein
flammablesrefrigerator
35% ETOH, resuspend pellet - 3 min; centrifuge
as above and discard supernatant
50% ETOH, resuspend pellet - 3 min; centrifuge
as above and discard supernatant
80% ETOH, resuspend pellet - 3 min; centrifuge
as above and discard supernatant
95% ETOH, resuspend pellet - 3 min; centrifuge
as above and discard supernatant



100% ETOH, resuspend pellet, cap tube- 4 changes,
5 min each; centrifuge as above and
discard supernatant. If PO-safetubeshave
not been usedin processing thusfar, leave
pellet suspended after third ETOH rinse
and transfer to PO-safe microcentrifuge
tube to finish processing
PO - 4 changes, 5 min each; centrifuge as above
and discard supernatant
13) Using rotary mixer, infiltrate tissues in mixture of
PO and Spurr embedding resin. Centrifuge at end
of each time frame and discard supernatant
PO/resin mixed 1:1- 1 h
PO/resin mixed 1:3- 2 h
100% resin - 2 changes, 2 h each
14) Before last change of 100% resin, roll individual
identification labelsaround pencil or similar object
and place label with print facing outward into each
embedding capsule
15) Polymerizeinvacuum oven at 60-65°C - minimum
of 72 h; alow to cool
16) If embedment in a flat mold is preferred, remove
plastic tube and cut away resin behind pellet.
Reembed in flat mold; do not touch polymerized
block that is to be reembedded (oil from hands
creates a film that prevents the development of a
strong bond between reembedded block and new
resin)
17) Trimand section

3. Preparation of Paraffin-embedded Tissuesfor
TEM

When examination of slide by light microscopy revealsa
parasite or an unknown anomaly, the matching tissuefrom
the paraffin block may be processed for TEM asfollows:

Procedure;

1) Cut 1-mm cubes of selected tissue from paraffin
block

2) Infume hood, place cubesinto xylene and cover -
overnight

3) Xylene-30min

4) 100% ETOH - 2 changes, 15 min each

5) 95% ETOH - 15 min

6) 70% ETOH - 15 min

7) Fixinglutarddehydeprimary fixative(seep. 181)- 1h

8) Phosphate buffer rinse solution (see p. 182) - 2
changes, 15 min each

9) Postfix in 1% osmium tetroxide (see p. 182) - 30
min. Osmium tetroxide fumes are hazardous
to eyes, nose, and throat; use only in hood and
wear proper PPE

10) Infiltrate and embed as in Osmoregulating species
(pp. 181-182)

Note: Thick sections of tissue from paraffin block may
also be cut by microtome and processed as above.
Procedure should be carried out at room temp.; cover
between steps.

4. Trander of Tissuesfrom Histological Sidesfor
TEM (Phil Rutledge, University of Maryland
Baltimore County, Baltimore, MD, pers. commun.
1991)

Once an area on a dide has been identified for further
examination, that specific area can be transferred,
postfixed, and prepared for TEM asfollows:

Procedure;

1) Cut conical tip from embedding capsule. Remove
cap and place onto uncut end of capsule. Fill with
resin of choice, alow to harden, and remove block
from capsule

2) With etching or permanent pen, mark area of dide
to be used in transfer of tissue

3) Remove coverslip (see Transfer from Broken
Sides or Serial Sections, pp. 184-185)

4) Mix smal amount of embeddingresinusedinstep 1

5) Place 1-2 drops onto selected area of tissue

6) Place block onto embedding medium on slide and
alow to completely cure

7) Placecured slideon dry ice or in a-80°C freezer -
1-3min. Gently “pop” block from dideto remove
it with attached tissue

Note: Itisimportant that block faceislevel and mounted
perpendicular to slide since there may be only 5-6 um of
tissue available to section. Cut thin sections in normal
manner.

5. Scanning Electron Microscopy (SEM) Procedure
(Small and Maugel 1982)

Morphological detail not visiblewith thelight microscope
can be accomplished in backscatter mode by SEM. SEM
iseffectively used asatool to further magnify and identify

183



many metal-stained structures that are visible after
protargol staining. Ciliatesin oystershave beenidentified
by this process (Cooper 1982).

Procedure:

1) In fume hood, stain whole specimens or tissue
sections with protargol (seep. 118)

2) Examinefor clear resultsof stained kinetiesand mark
area of interest with indelible permanent pen on
underside of dide (ciliaand paired kinetosomes are
aligned in rows termed kineties)

3) Soak dlidein xylenetoremove coverdip

4) Airdry

5) Cut section of glassdidewith care

6) Removeadhesivefrom double-sided sticky tape by
rubbing with Q-tip dippedin acetone

7) Mount cut portion of slide on EM stub with
solubilized adhesive from Q-tip; edgesof dideshould
not overhang stub. To reduce moisture buildup, keep
inairtight container until viewed

8) Lightly coat tissue specimens on stubs with
aluminum (30 nm) in vacuum evaporator

9) Examineby SEM

Note: If possible, take pictures of specimens by light
microscopy to confirm area of interest in tissue sections.
Thiswill facilitatel ocating thesameareaon the SEM image.

E. Decalcification

Decdlcification isnot often utilized with molluscan tissues.
In specia circumstances, for example when processing
unshucked juvenile bivalves, the versenate method of
decalcification yields excellent results. Versenate is a
proprietary term for disodium ethylenediaminetetraacetate
(EDTA). Although other decalcifiers are commercially
available, thischelating method of decd cificationisgradual
and does not damageinternal animal tissues.

Different time periodsare necessary for deca cifyinglarvae,
depending on species and sizes. Pearls found in oysters,
mussals, and clams should be removed prior to embedment
unlesstheinvestigator specifically requirestheir presence. If
pearls or larval fish with bones are requested by the
investigator, they can bedecalcified by the versenate method.

Procedure (Birge and I mhoff 1952):

1) Usefixative of choice

2) Washwell inrunning water - 5min-4 hr (depending
on fixative used and size of tissue)

3) Placetissuein 10% versenate! until decalcification
iscomplete; check daily

4) Woashwell in running water - ¥2-1 h (depending on
size of tissue)

5) Placein 70% ETOH until ready to process

Reagents:

110% versenate
VEISENALE ... 10.0gm
Digtilled water (pH 5.5-6.5) ........cccevveneenee. 100.0 ml
Warning: Versenate may removeiron and other metals
inthe process of decalcification, according to Drury and
Wallington (1967).

Note: For the most efficient use of versenate as a
decalcifier, change tissues to a fresh solution every 1-2
days. We have had success using versenate on bones
found in fish tissue. According to Birge and Imhoff
(1952), “. . . specimens may be left in the versenate
solution for aslong as 14 days without noticeable effect
onthestaining qualitiesof thecells.”

F. Transfer of Par affin-embedded Tissues

Circumstances exist where the transfer of tissues may
be desirable. Occasionally, dides become broken in the
course of work or specific pathogens observed in tissues
may need to be embedded directly from an existing slide
for EM or restained with a special stain. The following
techniques describe methods to accomplish such needs.

1. Transfer from Broken Slidesor Serial Sections
(Coolidge and Howard 1979)

Recommended for transfer of paraffin-embedded tissues,
serial sections, or broken slidesonto anew slidefor light
MiCroscopy.

Procedure:

1) Infumehood, placetissue section, serial section, or
broken slideinto shallow petri dish, and add xylene
to cover dide (Fig. 14-7)

2) Soak until all pieces of coverdlip can be easily
removed - 5 min-24 h (depending on age of dide)

3) While dlide or broken pieces are still moist with
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xylene, cover entiredidewith Rapid M ount® or other
liquid plastic coverdip medium

4) Dry overnight at room temp., or in 60°C oven- 2 h
(plastic will be hard)

5) Cover didewith paper towel and soak in tap water -
1-2h(Fig. 14-8)

6) Cut around edge of slide with razor blade and
carefully peel acrylicresinfrom slide (Fig. 14-9)

7) Trimcompletesection, or selected sectionsfrom seria
ribbon, and place on abuminized dides(Fig. 14-10).
Cover plastic film with damp paper towel. Place
clean dlideontopto hold in place

8) Dry at roomtemp., or placein 37°C oven overnight

9) Remove towel and soak dlide in xylene until new
plasticisremoved (Fig. 14-11)

10) Coverdip(Fig. 14-12)

Note: Rapid Mount (one of many liquid coverdlips)
available from Histology Control Systems®. This does
not work well with tissues mounted on poly-L-lysine or
aminoakysilane slide adhesives.

2. Transfer from Par affin to Plastic (D. Howard
and J. Wade, NOAA, Oxford, MD, pers. commun.
1976)

A modification of thetissue transfer process from Animal
Histology Procedures of the Pathological Technology
Section of the National Cancer Institute (Coolidge and
Howard 1979) isused to reembed a cut and stained section
of tissue from paraffin to resin without loss of orientation.

Procedure:

1) Atroom temp., begin cutting a practice block at 30-
50 um of sametype of tissue as specimen. Thegoa
isto cut evenly through tissuewithout breaking section

2) Alignblock of interest in chuck of microtome. Cut
two 6-um sections before changing cutting gauge
to desired thickness (30-50 um). The thicker the
tissue can be cut without damage, the greater the
prospect of finding the desired areas

3) Moaisten block and cut through wholeface with even
motion. Sectionwill generally come off microtome
knifeinathick roll

4) Withaid of brushes, gently and carefully raisetissue
roll to an abuminized slide moistened with asmall
pool of distilled water

5) Drain excess water and place slide on warming
tray at 42°C

6) Unrall tissue section; gently flatten onto side and
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place in oven at 42°C

7) Rechill block whichisstill inthe chuck with apiece
of ice and cut another 6-um slide section

8) Once dides are thoroughly dry, deparaffinize and
stain the 6-um sectionsin Harris hematoxylin and
eosin (HHE)

9) View with microscope to confirm presence of
desired area.

10) Proceed withthick section. Deparaffinize and stain
with hematoxylin (1 min), eosin (30 sec), and mount
with Rapid Mounte synthetic liquid coverglass

11) Dry overnight at room temp., or in slide oven at
42°C until plastic is hard; check under microscope

12) Cover didewith paper towe and soak with tap water
(about 2 h) until plagtic is pliable and can be gently
peeled away from dlide (spatula may be used for
thicker sections to keep from damaging tissue)

13) Compare plastic section with 6-um slides where
area of interest has been located and marked

14) Cut as indicated in marked 6-um sections; use a
specific shape (e.g., triangle or truncate pyramid)
to ensure proper orientation of tissue

15) Infumehood, placetissuein porcelain spot plate or
small shallow glass dish. Add severa changes of
xyleneuntil tissueisfreeof al Rapid Mount®. Pipet
new xyleneon and off, trying not to disorient tissue

16) Follow steps 10 through 16 on page 181, including
Note

G. Agar-enrobingfor Embedment and Sectioning
(Presndll and Schreibman 1997)

Recommended as a supporting matrix around cells and
small organisms to allow easy manipulation while
processing for light microscopy.

Procedure:

1) Collect cells, ciliates, or other material in conical-
bottom centrifuge tubes and add fixative (see
Chapter 5) - 1 hto overnight. Agitate occasionally

2) Concentrate cellsby centrifuging (settingsmay vary
depending on cell type and size). Decant and add
water, seawater, buffer, or alcohol, depending on
requirement of fixative

3) Resuspend pellet, rinse, mix, and centrifuge.
Decant supernatant. Repeat 2-3 times to remove
fixative

4) Dispense small amount of melted agar! into
Eppendorf pipet tip sealed at one end. Chill until
hardened and set aside



5) Resuspend cellsfrom step 3 in warm agar and mix
well

6) Add eosinY?2toagar mixture. Pipet onto hardened
agar plug and chill

7) Cut Eppendorf tip and flush water down side of
agar plugtodislodge

8) Dehydrate, clear, and embed agar plug. Eosin will
remain to show where cells are located when

sectioning
Reagents:
ILGT agarose
(I C =0 = (0 < 1.5gm
Ambient SEaWatEr .........cocovereerere e 100.0ml

Boil seawater to dissolve agarose.

’EosinY
EOSINY o 1.0gm
DistilledWater ......cccvveecieecieeeee e 75.0ml
100% ETOH ..oooeiieee e 25.0ml
Just before use, add concentrated
HCL e 1 drop/200.0 ml

Handle HCI with care.

Note: If precipitate forms and does not disappear with
stirring, eosin may stain too orange.

H. Footnotes

@Becton, Dickinson Diagnostic Systems, 7 Loveton Circle,
Sparks, MD 21152. (800) 675-0908. www.bd.com

bSigma, P.O. Box 14508, St. Louis, MO 63178-9916.
(800) 325-3010. www.sigma-aldrich.com.

Histology Control Systems, PO. Box 142, Glen Head, NY
11545. (800) 253-2768. www.histologycontrolsystems.
homestead.com
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Detection of Perkinsus marinus (Dermo) in rectal tissue.
Figure 14-1. Place excised rectal tissue into tube containing thioglycolate media for 3-7 days’ incubation.
Figure 14-2. Using a hooked glass rod, place rectal tissue onto slide containing 1 drop of Lugol’s iodine solution.
Figure 14-3. Tease apart rectal tissue to make thin layer of tissue and expose Perkinsus cells. Figure 14-4. Add 1-2
drops of Lugol’siodine solution and coverdlip. Figure 14-5. Prepared tissues on glass slides ready for examination.
Figure 14-6. Moderate infection (intensity level 5) of P. marinus.
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Transfer of paraffin-embedded tissue, serial sections, or broken sidesonto new dide.
Figure14-7. Place broken dlideinto shallow petri dish, add xyleneto cover slide, and soak until coverslip piecescan
be easily removed. While tissue is still wet with xylene, pipet liquid coverdlip medium onto entire slide and dry
overnight at room temp., or 2 hin 60°C oven. Figure 14-8. Cover slidewith paper towel and soak in tap water 1-2 h.
Figure 14-9. Carefully pedl acrylic resin and tissue from slide. Figure 14-10. Trim desired tissue from plastic with
scissors and place section(s) onto albuminized side(s). Figure 14-11. Cover section with xylene until plastic is
completely dissolved. Figure14-12. Coverdip new slide.
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APPENDIX

U.S/METRIC CONVERSIONS?

To convert: Multiply by: To obtain:
celsius (degrees) (CCx 9/5) + 32 fahrenheit (degrees)
celsius (degrees) °C +273.18 kelvin (degrees)
centimeters 3.281x 10? feet

centimeters 3.937 x 10t inches

cubic centimeters 6.102 x 102 cubicinches
cubicinches 1.639 x 10 cubic centimeters
fahrenheit (degrees) (°F-32) x 5/9 celsius (degrees)
feet 3.048 x 10t centimeters

feet 3.048 x 10 kilometers

feet 3.048 x 10t meters

feet 3.048 x 10? millimeters
gdlons 3.785x 10° cubic centimeters
gdlons 3.785 liters

grams 3.527 x 102 ounces (avdp.)
grams 3.215x 102 ounces (troy)
grams 2.205x 10 pounds

inches 2.540 centimeters
inches 254 x 10* millimeters
kilograms 2.2046 pounds
kilograms 3.5274 x 10* ounces (avdp.)
liters 10x10® cubic centimeters
liters 1.057 quarts (USliquid)
meters 3.281 feet

meters 3.937 x 10* inches

miles (nautical) 1.852 kilometers

miles (nautical) 1.852 x 10° meters
millimeters 3.281 x 103 feet

millimeters 3.937 x 102 inches

ounces (avdp.) 2.83495 x 10* grams

pints (USliquid) 4,732 x 10? cubic centimeters
pounds 4.,5359 x 102 grams

quarts (USliquid) 9.464 x 10? cubic centimeters
quarts(USliquid) 9.464 x 10 liters

temp. (°C) +17.78 18 temp. (°F)

temp. (°F) -32° 5/9 temp. (°C)

aFisher Scientific, 3970 Johns Creek Court, Suwanee, GA 30024. (800) 766-7000. www.fishersci.com
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LABORATORY CALCULATIONS (Prophet et al. 1992)

A. Introduction

Animportant role of a histology technicianis
to accurately prepare and dilute normal (N) and
molar (M) solutions, convert chemical recipes,
and ensurefixatives and stains contain specified
amounts of chemicals.

B. Percent Solutions
\olume/\Volume:

Percent solutions are prepared based on parts
per 100 ml of theliquid.

1% = 1 part per100 ml = 0.01

To prepare 200 ml of al1% acetic acid solution,
convert the 1%to adecimal valueasillustrated
above. Multiply thefinal volumerequired (200
ml) by the decimal value to obtain the amount
of acid needed to make the diluted solution:

200 ml =fina volume
x 0.0l = required percentage
2.00 ml =amount of concentrated acid

Add 2 ml of concentrated acetic acid to 198 ml
of distilled water to obtain 200 ml of a1% solution.

Weight/\Volume:

For dry, crystalline, or powdered chemicals,
percentages are based on weight to volume. A
1% solutionis 1 gm of the chemical per 100 ml
of solution andiscal culated as described above.

To prepare 100 ml of a 5% borax solution:
100 ml =final volume

x 0.05 =required percentage
5.00 gm = amount of borax

Weigh 5 gm of borax and add distilled water in
aquantity sufficient to bring the final volume
to 100 ml.
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Dilutions:
Theformulais: V., xC =V,xC,

where V  is the unknown quantity, C, is the
concentration of the stock solution, V, is the
fina volume required, and C, is the diluted
concentration to prepare.

To prepare 300 ml of 70% alcohol from a95%
stock acohol solution:

V. x 95= 300 x 70
V, x 95 = 21000
V, = 21000/95

V, =221 ml (rounded)

To 221 ml of 95% alcohol, add 79 ml of distilled
water to obtain 300 ml of a70% & cohol solution.

Be sure that the units used for each volume
and for each concentration are the same on
both sides of the equation.

Dilution as Ratios:

Some formulas state dilutions as a ratio such
asl:2or1:4.

A 1.4 ratio may be expressed as 1 part in a
total of 4 parts. To diluteastock solutionfor a
1:4working solution:

Required volume =100 ml
100 ml/4 =25 ml (each of the 4 partsis25 ml)
1 part stock solution = 25 ml
+ 3 partsdistilled water = 75 ml
4 parts (required volume) = 100 ml

C. Molar Solutions

Molar solutions prepared from solid materials
are defined as 1 gm molecular weight of a
substancedissolvedin 1L of aliquid.

To prepare 500 ml of a1.5 M sodium hydroxide
solution, perform thefollowing calculations:



1. Find themolecular weight of sodium
hydroxide (NaOH)

From the periodic chart, add atomic weights:
sodium (Na) = 22.99
oxygen (O) =16.00
hydrogen (H) =1.01
molecular weight = 40.00

A 1-M solution of NaOH contains 40 gm of NaOH per
1L of water.

2. Gram molecular weight x molarity x
volumein liters

40gmx15M x05L =30gm

Slowly add 30 gm of NaOH to enough water to bring the
final solution volumeto 500 ml.

Dilution Factors for Liquids:

In addition to theaboveformula, calculationsfor molarity
of liquids such as some acids and bases require the use of
adilution factor based on the actual concentration of the
substance and the specific gravity of the substance.

To prepare 200 ml of 0.5 M hydrochloric acid, perform
thefollowing calculations:

HCI hasagram molecular weight of 36.46
1) 365gmx05M x0.2L =3.65gm
Each milliliter of hydrochloric acid weighs 1.19 gm
(specific gravity), and pure hydrochloric acid accounts
for 37% of the 1.19 gm (concentration as provided by
the manufacturer). To find the dilution factor:
2) Specificgravity x concentration (asadecimal value)
1.19x0.37=0.44
3.65gm/0.44 =83 ml
To 191.7 ml of water, slowly add 8.3 ml of HCI to
obtain 200 ml of a0.5 M solution.

Note: Handle HCI with care. Asa safety precaution,
always add acid slowly to thewater. Never add water to
concentrated acids.

D. Normal Solutions

A normal solutionisdefined as 1 gm equivalent weight of
solutedissolvedin 1L of solution (total oxidation number
of cations or anions).

Prepare 3 L of a 0.5 normal solution of sulfuric acid
(H,S0,)

molecular weight of H,SO, = 98.08

specific gravity of H.SO,= 1.84

% of pure of H,SO,/gm = 98%

# of replaceable hydrogensin H,SO,= 2

Gram equivalent weight = molecular weight/# of
replaceable hydrogens

98/2 =49 gm
Required substance weight = gram equivalent weight x
normality (expressed as adecimal) x volume (expressed
inliters)

49 gm x 0.5 normal x 3L =73.5 gm required
Thisisan acid; thus the dilution factor must be used
Dilution factor = specific gravity x concentration of pure
acid

1.84x098=18gm
There are 1.8 gm of pure acid in each milliliter of stock
acid solution
Gramsrequired/dilution factor = volumerequired.

73.5gm/1.8 gm/ml = 40.8 ml
Slowly add 40.8 ml of concentrated H,SO, to 2959.2 m
of water to obtain 3 L of a0.5 normal acid solution.

E. Reference

Prophet, E.B., B. Mills, J.B. Arrington, and L.H. Sobin,
Editors. 1992. Armed Forces Institute of Pathology -
Laboratory Methods in Histotechnology. American
Registry of Pathology, AFIP, Washington, DC. 279 p.
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RECORDKEEPING

A. Introduction

An equally important role of ahistology technician isto
accurately record all tissuesreceived, administer acode,
and ensure the code remai nswith the speci men throughout
processing, slide preparation, and block storage. Data
forms shown in the Appendix cover a wide range of
information. Each form follows the sample through a
specific step from arrival and code designation through
the final histological examination. A summary of al
information is statistically presented on the Molluscan
Pathology Report (p. 196) and entered into a computer
database for permanent record.

B. Filingand Slide Storage

All samplesare kept in permanent files. Oncethesample
is coded, either in thefield or after arrival, it isrecorded
withitshistorical data. Investigators are responsiblefor
keeping their own records. Theinformation providedis
then stored in acentral location. It isrecorded inamaster
fileand entered into adatabase containing the source and
code number; specimen or identification type; dates of
arrival, fixation, embedment, sectioning, and staining; and
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identity of requestor. A ledger is kept to record daily
work activities performed in the laboratory. Maintaining
up-to-daterecordsisimperative.

Once permanent slides have been completed and issued
to the requestor, tissue blocks are filed consecutively in
trays and stored. A record book or computer program
can be used to identify thelocation of al blocksin storage
for retrieval by code numbers. Theblock storage areais
analogous to alibrary. Study projects with consecutive
code numbers are filed together. Samples from similar
geographic aress are also consolidated when possible. A
record guidespecifiesblock location by aide, row, and cabinet.
If study blocks have been removed, thisissoindicated, and
their current locationisrecorded. Thissystem enablesusto
keep an orderly collection of blocks which is of value for
retrieval and future retrospective study.

Our block archives, which date back to the early 1960s, are
computerized, enabling investigators to recall historica
information and examine original blocks to compare with
current samples.



FIELD DATA ON SHELLFISH SAMPLES

NOAA/NQOS, Oxford, MD Date sample collected

Comparative Invertebrate Pathol ogy Date sample received

Purpose of sample Species

Source state: No. specimens

Estuary Bar

Code designation Water depth ft
Surface water temp. °C Surface salinity ppt
Bottom water temp. °C Bottom salinity ppt

Nature of bottom: hard, medium, soft, sandy, mud, shell,

other

Additional commentson field collection and condition of specimens:

GROSS EXAMINATION OF INDIVIDUAL OYSTERS IN LABORATORY

BY

Date Time oysters examined and fixed

Fixative
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INT/SIZ

LIGHT, 4 = MODERATE,

VERY LIGHT, 3 =

ABSENT, 1 = EXTREMELY LIGHT, 2 =
EXTREMELY HEAVY

INTENSITY SCALE - 0/BLANK

5

KEY:

VERY HEAVY, 7 =

HEAVY, 6

WATERY, 3 = WATERY +, 4 = MEDIUM -,

= MORIBUND, 1 = WATERY -, 2

GAPER, M

CONDITION SCALE: G

FAT, 9 = FAT +

MEDIUM, 6 = MEDIUM +,7=FAT -, 8=

5=

DATE:

EXAMINED BY:
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21
22
3
24

25

27

28

DERMO REPORT

SAMPLE TYPE

TRIB BAR CODE

N=_____ TEMPERATURE______ °C SALINITY oo OTHER
COLLECTED __/ _J RECEIVED __/ [ DRILLED __ [ / BLED __/
DIAGNCSED OIAGNOSED DIAGNOSED DIAGNOSED COMMENTS

:FS%?‘TSTOGY :EMNOLYMPH ﬁ“ %r:'é:.e BODY RFTM GONAD ;EI)EQILO COMMENTS

0= ABSENT, 1 = EXTREMELY LIGHT, 2 = VERY LIGHT, 3 = LIGHT, 4 = MODERATE, 5 = HEAVY, 6 = VERY HEAVY,

7=EXTREMELY HEAVY
% PREVALENCE = INFECTED N /SAMPLE N
INTENSITY = (N1*1)+(N2*2) ....(N7*7) / SAMPLE N

INDEX = (N1¥1)+(N2%2) . ... (N7#7) / INFECTED N
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MOLLUSCAN PATHOLOGY REPORT

Purpose: Date sample shipped:
Requested by: Date sample received:
Send report to: Phone no.:

E-mail address:

ENVIRONMENTAL DATA

Temperature °C  Sdinity ppt pH Oxygen ppm Other
Species Stock
Origin
History
L ocation sample camefrom
No. insample Date collected Date fixed Code
Fixative Other histologic data
GROSS PATHOLOGY
Condition Mantle Pale Digestive Mean
Fat Medium Watery Recession Gland Cliona  Polydora Size (mm)
% % % % % % %

HISTOPATHOLOGY

Pathologic Lesions Parasites
Category and Type of Lesion Prevalence Degree  Group Species Prevalence Degree
(0-9) (0-9)
Inflammation % Viruses %
% %
% Chlamydia %
% %
% Bacteria %
% %
Degeneration % Fungi %
% %
% Protozoa %
% %
Repair % %
% Metazoa %
% %
SUMMARY
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LIST OF SCIENTIFIC AND COMMON NAMES

Aerococcus viridans - gaffkemia
Argopectenirradians - bay scallop

Arctica - clam

Asteria forbesi - starfish

Busycon carica - conch, whelk
Callianassa sp. - mud prawn

Callinectes sapidus - blue crab
Carcinonemertes carcinophila - nemertean
Cliona sp. - boring sponge

Crassostrea angulata - Portugese oyster
Crassostrea virginica - American oyster
Crepidulafornicata - dlipper shell
Cryptosporidium parvum - protist
Diadumene leucolena - white anemone
Diplothyra smithii - oyster piddock
Giardia - protist

Gukensia - mussel

Haliplanella luciae - green striped anemone
Haplosporidium nelsoni - MSX
Hematodinium perez - parasitic dinoflagellate
Hypocomella sp. - ciliate

| schadium recurvum - hooked mussel
Lagenidium callinectes - fungus
Loxothylacustexanus - parasitic barnacle
Macoma balthica - duck clam, Baltic clam
Mercenaria mercenaria - hard clam
Modiolus (=Gukensia) - mussel
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Molgula sp. - sea squirt
Molgula manhattensis - sea squirt or sea grape
Morone saxatilis - striped bass or rockfish
Mya arenaria - soft clam

Mytilicola sp. - copepod

Mytilus - mussel

Mytilus edulis - blue mussel

Myzobdella lugubris - leech

Nephrops norvegicus - Norway lobster
Opsanustau - toadfish

Ostrea sp. - European oyster

Paramoeba perniciosa - gray crab
Perkinsus chesapeaki - Dermo in soft clam
Perkinsus marinus - Dermo in eastern oyster
Pinnotheres ostreum - pea crab

Placopecten - scallop

Pleistophora - microsporidan

Pleistophora nosematidae - microsporidan
Polydora sp. - mud worm

Polydora websteri - mud worm
Rhithropanopeus depressus - mud crab
Sohenophrya sp. - ciliate

Soisula solidissima - surf clam

Sylochus llipticus - flatworm

Urosal pinx cinerea - oyster drill

Vibrio anguillarum - bacterium



LIST OF ACRONYMS

1GAF - 1% glutaraldehyde/4% formalin

AB - dcianblue

ANSI - American National StandardsInstitute

API - Analytical Profile Index

ARS-dizarinred S

ASCP- American Society of Clinical Pathologists

AZE - azure-eosin

BCF - Bureau of Commercial Fisheries

BSS - balanced salt solution

BFV - bi-faciesvirus

CBYV - Chesapeake Bay virus

COL - Cooperative Oxford Laboratory

CFR - Code of Federal Regulations

CHP- Chemical HygienePlan

CRW - Chemical Reactivity Worksheset

DM SO - dimethyl sulfoxide

DNA - deoxyribonucleic acid

DOT - U.S. Department of Transportation

ECDIN - Environmental Chemical Dataand Information
Network

EDTA - ethylenediaminetetraacetate

EM - electron microscopy

EPA - U.S. Environmental Protection Agency

ETOH - ethyl acohol

FPM - Feulgen picromethyl blue

Gl - gastrointestinal

GPO - U.S. Government Printing Office

GMS - Grocott’smethenamine silver

HAZCOM - Hazard Communication Standard

HHE - Harris' hematoxylin and eosin

HTC - heavy teflon-coated

IATA - International Air Transportation Association

IHE - Heidenhain'siron hematoxylin

JLODRP - Jerome Le Peyre oyster disease reaseach
program

JOD - juvenile oyster disease

LCM - laser capture microdissection

LGT - low gel temperature

MDNR - Maryland Department of Natural Resources
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MFT - modified Field technique

MHE - Mayer’'s hematoxylin and eosin

MPAS - malt periodic acid Schiff

MSDS - Material Safety Data Sheet

MSX - multinucleate sphere unknown (=Minchinia
nelsoni/Haplosporidium nelsoni)

NBF - neutral buffered formalin

NCCOS - National Centersfor Coastal Ocean Science

NFPA - National Fire Protection Association

NIH - National Institutes of Health

NIOSH - National Institute for Occupational Safety and
Hedth

NMFS- National Marine Fisheries Service

NOAA - National Oceanic and AtmosphericAdministration

NOS - National Ocean Service

NRC - National Research Council

OCT - (product name)

ORO - 0il red O

OSHA - Occupational Safety and Health Administration

PAS- periodic acid Schiff

PBS - phosphate buffer solution

PCR - polymerase chain reaction

PLL - poly-L-lysine

PO - propylene oxide

PPE - personal protective egquipment

ppm - parts per million

ppt - parts per thousand

PSR - Physiciansfor Social Responsibility

RFTM - Ray’sfluid thioglycolate medium

rpm - revolutions per minute

RLO - rickettsia-like organism

RLV - reo-like virus

SEM - scanning electron microscopy

SSO - seaside organism (Haplosporidium costale)

TBO - toluidine blue O

TCBS - thiosulfate citrate bile salts sucrose

TEM - transmission electron microscopy

USDA - U.S. Department of Agriculture

USDI - U.S. Department of the Interior

ZHH - Ziehl-Neelsen/Harris hematoxylin



LIST OF ABBREVIATIONSAND DEFINITIONS

=-equas

* - multiply

# - number

%o - parts per thousand

% - percent

s -ratio

Al(SO,), - duminum sulfate
approx. - approximately

avdp - avoirdupois (English measurement of weight)

C - concentration

C - degree celsius

CaCl,, - calcium chloride

cat. - catalog

CO, - carbon dioxide

cont. - continued

e.g. - example

et a. - and others

F - fahrenheit

FeCl,-6H,0 - ferric chloride

Fig. - figure

ft/min - foot per minute

ga- gauge

ga - gdlon

gm - gram

H - hydrogen

h - hour

HCI - hydrochloric acid

H,S0, - sulfuric acid

hypo - sodium thiosulfate

i.e. - thatis

invitro - outside the living body (in test tube)
invivo - within theliving body of plantsanimals
K,HPO, - potassium phosphate dibasic
KCI - potassium chloride

L - liter

M - mole

MgCl, - magnesium chloride

MgSO, - magnesium sulfate
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pl - microliter

MM - micrometer

min - minute

ml - milliliter

mm - millimeter

mo - month

N - number

Na - sodium

Na,HPO, - sodium phosphate dibasic

Na,S,0, - sodium metabisulfite

NaCl - sodium chloride

NaHCO, - sodium bicarbonate

NaH_,PO, -H,O - sodium phosphate monobasic

NaOH - sodium hydroxide

no. - number

O - oxygen

0z - ounce

p./pp. - page/pages

pers. commun. - personal communication

pH - logarithm of reciprocal of hydrogenion concentration
(7 is neutral; more than 7 is akaline; less than 7 is
acid)

sec - second

Sp. - Species

Spp. - more than one species

Sp. gr. - specific gravity

temp. - temperature

trib - tributary

troy - unit of weight inwhichthegrainisthesameasin
the avoirdupois system and the pound contains 12 oz,
240 pennyweights, or 5760 grains

U.S. - United States

Vv - volume

v/v - volume to volume

wk - week

X - multiply

X - timesmagnification



AL - Alabama
AK -Alaska

AZ - Arizona
AR - Arkansas
CA - Cdlifornia
CO - Colorado
CT - Connecticut
DE - Delaware
FL - Florida

GA - Georgia

HI - Hawaii

ID - Idaho

IL - llinois

IN - Indiana

IA - lowa

KS - Kansas
KY - Kentucky
LA - Louisana
ME - Maine
MD - Maryland
MA - Massachusetts
MI - Michigan
MN - Minnesota
MS- Mississippi
MO - Missouri
MT - Montana
NE - Nebraska
NV - Nevada

U.SSTATE ABBREVIATIONS
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NH - New Hampshire
NJ - New Jersey
NM - New Mexico
NY - New York

NC - North Carolina
ND - North Dakota
OH - Ohio

OK - Oklahoma
OR - Oregon

PA - Pennsylvania
RI - Rhode Island
SC - South Carolina
SD - South Dakota
TN - Tennessee
TX - Texas

UT - Utah

VT - Vermont
VA - Virginia

WA - Washington
WV - West Virginia
WI - Wisconsin

WY - Wyoming

CZ - Cana Zone

DC - District of Columbia

GU - Guam
PR - Puerto Rico
VI -Virginlslands
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Counterstains
1< 01 1= T 104,107
EOSINY o 104,105,106



€0SiNY-PhlOXIiNEB .....ccceveeeeeeeeeee e 104,106,113
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blue Crab ..o 9,12,36,129, 151
disease agents ......ccocvvvvevereereeeeees 152,153,157
dissection and histologic processing ...... 20,55,56,154
hematological procedures.................. 151, 153, 154, 157
care, handling, and maintaining ..........ccoceevvevnieneveneenene 9
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PIiNNOtheres sp. ..ocveeveeverereseeeeeeee e 12,14,30
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Cryosection technique.........ccccoevvevererereieeeeene, 17,57,58
StAINS evveeeeeeeceeeeeee 58, 86, 88,106, 114,121, 134,135
Cryptosporidium ..... 87,123,159, 161, 162, 163, 164, 167, 168
Crystallinestyle ..... 17,18, 19,41, 44,45, 46, 49, 50, 52, 53, 80
DeCalCIfiCation .......ccccevveeveeeiieerie e 19,82,184
Diagnostic teChNiqUES .........ccvveirierreeeee e 151,179
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(/18I X ol = o 157
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CHIAECUITUIE ...t 180
Cryptosporidium ........ 87,123,161, 162,163,164, 167,168
fluid thioglycolate medium ... 16, 18, 146, 148,172, 173, 178,
179
Haplosporidium nelsoni .........cccceevevrvnnnnne 145, 147,148
hematological ..... 144,145, 146, 147,148, 151, 157,161, 162,
171,172,173
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Grossexamination. See Necropsy and examination of
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Handling liveshellfish ... 7

Hanks' balanced salt solution ...........ccccecveeeeeccececcieee, 162

Haplosporidium nelsoni ..........ccocevvveneenne 13,145, 147,148
SEAGING CHLEITA ..ot 147
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ClAMS e 171
Cryptosporidium .........cccoeeveneieneieneesees 161,167,168
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Perkinsus mMarinuS .........ocueeeeeeeveeieeeeeeesee e 146,148
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MIiCroscope teCANIQUE ......c.coveveverieie e 153
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HEmMOIYMPN ..o 143,153
examination by TEM ..o 18
eXamination of .........coveveeeeeeeiiee e 148, 157,167,168
parasitesin crab hemolymph ..o 153
Hematodinium ... 157
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Paramoeba ........cccvvvvvrine e 157
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(o =1 0 145,172,177
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MUSSELS .t eneens 145
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Histological techniques
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Lugol’'sioding .......ccccceeverenene 66, 89, 97,146, 148, 180, 187
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Juvenile oyster disease.........cvcveeeveeeennne 22,27,159, 160, 166
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PErcent SOIULIONS ......c.coveerveerieiseeee e 190
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Laser capture microdissection ..........cccceeveuenee. 59,61,78,113
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M
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NUClIEar AEtal ......occveeevieiiecee e 59,65
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barnacle Loxothylacus texanus .........cc.cceceeerveneeeenenne. 152
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diagnostic techniques for blue crabs.........ccccceeveveneee. 157
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code of federal regulations (CFR) .......ccccovvvvririnninineene 1
environmental complianCe .........ccvcvvererererinieneenens 1,23
Environmental Protection Agency (EPA) ... 13
hazard asseSsSMENt ........cccceieeviiieeee e 1
hazard communication standard (HAZCOM) .......cccceee.e. 1
health hazards .........ccccoeveceeeiiieccee e 3,4
laboratory standard............ccoveeeennennenee e 1
material safety data sheets (MSDSS) ....ccovvvveenicienicenns 2
Nat'l Intitute for Occupational Safety and Hedlth .......... 1
Occupational Safety and Health Admin. (OSHA) ........ 15
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personal protective equipment (PPE) ........cccovvevvinneens 1
WEDSITES ...ttt st 5
Sarcoma. See Disseminated sarcoma
S o7z | o] o S 7,19
AIrQOPECLEN ...t 19
(0 (0SSR = 1[0 o 53
OrOSS ANALOMY ....eveverrerreereereere e esre e sre e s seesre e 2
PlACOPECLEN ... 19
PrOCESSING ..vcvvveniiteieteseete ettt 7]
SENSONY EYES....eeieieieieeeeeesteeseeesiee s e sreesne e 19,54, 80
Scanning electron MiCrOSCOPY ......covvvererrereerereriereeereeenens 183
Scientificand cOmMMONNAMES .......cceevveeveeeeecree e 197
Seawater
=00 o= | 60, 61, 62,63
AtIfICiAl e 60, 63, 66, 144, 182
Sectioning
adhesives
aminoalKysilane........ccoceveeveeieeieeesese e, 76,118,185
Haupt gelatin .......coovierieee s 76
Mayer'sabumin.........cccceveveiniencnennnnn, 76,78,128, 185
poly-L-lysine(PLL) ................ 75,118,128, 145,151,154
B0Ar-ENrODING ..o 185
froZEN SECHIONS ...ecvee e 57
PAATIN e 75,78
problems and resolutions.............ccocvvevereenenn 17,80, 81,82
PrOCEAUIES ...ttt e 73
FEQUITEMENTS ...ttt 1)
SErial SECHONS ..oveeeveeceeceee e 78,184,188
Shell abnormMalities ......c.eeeeeecveeieecee e 11,12
calcareous Malformations...........ceveeeeeeveeeeeeinnenns 11, 13,26
(1] = 11,12,23
conchiolin deposits........ccccveevvivrveeneene 11,13,27,160, 166
Diplothyra smithii ........c.ccccvevvivnininienenesesennn 11,12,24
(o [T 0 S 11,13,27
(o (111 00 1S 11,13,27
maladiedupied .......ccccceoeeveininieneses e 11,13,25
MaNt|€ rECESSION .....ooevveeeeeecree e 11,12,22,23
MU DIISEEIS ... )
POlYAOra SP. .ooveeeieieriicieee s 13,24
shell and mud blIStErs ......oocvvevieecieeeeceeceeee 11,13,25
shell checkS......cveceviciececee e 11,12,22,160, 166
Shell PUSLUIES ..o 11,13,26
Shell CheCKS ....vvevieeeece e 11,12,22,160, 166
Shdlfish
care, handling, and maintaining ..........cccceeeveevvereeeennnn. 8,9
ShElfISNIANVAE ..ot 19
Shipping INSITUCLIONS.......coiiiee e 8
S [T 1= 143,144
coatings for
ABUMIN e 128,185
aminoalKysilane........ccoceveveeeieeienenese e 76,118,185
(001 [T o] IFS 90,118,128
Mayer'salbumin ... 76
poly-L-lysine(PLL) . 75,118,128,143,151,154, 157,185
S0 2o | 12
tefloN COAtEd .....oooeeeeereeceecee e 162,163
(@540 (o IS 144



Softshell clams........cccoueeee... 7,9,18,42,43,44,129,134,136 (00152 10113 = TU SR 12
Sorensen phosphate buffer........cccooeeeieiinnnns 181,182,183 Polydora sp. ...coceeeveneeeeeeeeeeee s 13,15,24
Special techniques sea squirts. See Species: miscellaneous: Molgula sp.
80 ENMODING ...ttt 185 mussels
aldehyde bIOCKING .....covvvieiirieireee s D0 GUKENSIA SP. v 7
deactivation of ammoniacal silver solutions.................. a [schadium FECUMVUM .......coueiieirieeeee e 2
decal CIfiCaIoN ......coveeiiieeeieee e 13 MOIOIUS SP. et 7
Pre=StaiNING ...ocveiveveeeerereeee e neens 9 MVETUS SP. v 13,19, 35,48, 51
removal of Bouin'sTluid ..........cccceveviinninninciccs D0 oysters
removal of formaldehyde .........ccooveiininninirees & CrassOStrEa SP. «..coveererrerrerrenierrene e 16
removal Of MEFCUNY ...c..ooveeeeeeeeeeeeses s 9 Crassostrea VirginiCa......ccoovveverereseeneens 13,22,31,38
scanning electron MiCrOSCOPY ....cvveverveeerueereeerrenenienens 183 OSIEA SP. c.veevererieriee et 16
transfer Of tISSUES ....cvvveireeirccc s 13 PrOLOZORA ...ttt 170
from broKen Slides........coovvevieeeeccec e 134 Cryptosporidium .......ccccceeverennee. 159,161,162, 163, 164
from paraffinto plastic .......cocverreniernereee 185 GIardia ...ocoeeeveeeriee e 159,161
transmission electron MiCroSCoPY ........ccovvvererveneas 182,183 Haplosporidium nelsoni ........cccooeeveerccninenens 13,147
Species HematodiNiUm ... 152
anemones MICIOSPOITAAN ...vevieeeeeeee e 152,157
Diadumene leucolena .........cccveeevenennenncnecee 14 Paramoeba PerniCioSa........ccouereerenereeereeesenenens 152
Haliplanella [UCIae ........cccoevveeeeeeeeeieese e 14 Perkinsus marinus...........ceeeeeeeerevveesveeenne. 146, 147,187
7= 011 (- 170 S N ISR o 16,18,19
ChItiNOCIASLIC ... 152 rickettsia-like organisms........coccoverrenreneieneeseeee 170
Vibrio anguillarum.........ccoeveinneneineeneeneeees 15 scallops
ciliates Argopecten irradians........cccooeeneiinienenn 35,52,53,54
HYPOCOMEN @ ..o 15 ArgOPECIEN SP. .o 19
SPhENOPNIYA ... 15 Placopecten SP. ..o 7,19
clams sponges
AFCHICA SP. ceveeeeeerieseeeie e see e 18 L0110 07 R o S 11,12,23
Diplothyra Smithii ........ccccveeireiniinceeee 12,24 Microciona prolifiCa.......cccereereiineiineineeserens 14
= oo 7= LS 18,30,45 VITUSES ettt st e s e eee e sbesseeebessaaesssessneeens 170
[ < 0l 0= - 18,46 0T = o T 152
Mya arenaria......cccooeeereeenennenseneesens 18,32,43,44 ChesapeakeBay VIruS(CBV) .....cccvvevvvirivriinne 152
PISUIA SP. e 17 FEO-HKE 1.t 152
CIADS e 9 worms
(o] [0 (X e = 12,54 =TT o 152
MU CIa .. e 12 NEIMMEITEAN ...t 152
PiNNOtheres sp. ..cceveeereeeeeeeeeeeee e 14,15,30 SPeCiMEN COlIECHION .......ccveireeceese e 7
Crustacea SEAINING ..o &
Callinectes sapidus ........ccoevreeneinerreseeeene 12,151 acid clean glassware ... a
COPEPOUS ...ttt 170 aldehyde blocking technique...........ccoveveennenccieiens D0
LoXOthylaCUS tEXANUS......c.covevereciriee e 152 ClEAN e &
MyLIlICOla SP. v 12,30 collodion coating for SlideS........covvenrennennenenen. 90,118
PIiNNotheres sp. .....coevveveeeeeieeceeeseee e 12,14,15,30 (015 010 = (= SRS &
drills deparaffiNiZE.......coveiicie e &
UrosalpinX CINEI€a.......coeereeerieerieirieesieeseeeieeenes 12 fixativeguidefor Giemsastain .........ccceveereeerieieneeneneenns B
flatworms hydrate tO WEaLES .......coovvieerieereeie e 89
Stylochus @liptiCuS .....vevveiiiiceee e 12 laser capture microdiSSeCtion........c.coveeereeenecnieenee 113
TrEMALOUES ..o 170 listing of stains, alphabetical .........cccccoovviiriiiniciiciee &
fungus listing of stains, functional ............ccoeceveiiicieneiineee, 87
Lagenidium callineCtes ........ccoevvveereineineienieens 152 MEthOAS @Nd USE ......coeriiiiriee e &
miscellaneous MOUNE L.ttt 5¢)
ASLErias fOrbeS ......ooviviierree e 12 paraffin-embedded SeCtions.........cccoveveereenceiseee, S e
BUSYCON CANICA ...cveveeeeirieiricirieesiees s 12 pre-staining techNiqUEeS .........ccoccoverirenneeeeee S e
Callianassa SP. .vevveeereeeerieiriee e 12 removal of Bouin'sfluid ... D
Crepidula fornicata .........ccoeevvererennennereeenens 11,14 removal of formaldehydefixationartifacts ..........c.cc.c..... S e
Crepidula plana.......coceeveereiinenneeese e 14 removal Of MEICUNY .....ocvvveiierere e S e
1Y/[o1 o[V F= T o S 7,11,14,28
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Stains

acianblue.......cocoevvieeeeeceeec e, 85,88, 92,129
dizarinred S(ARS) ...ocvvvveeievereeeeeeeie 85,87,93,129
=AU (=X = 01 | o I a0
azure-e0SiN/GIEMSA(AZE) ....oovveeveeeieeenns 85,87,95,130
counterstains
EOSINB .. 14
101 | 105
€0SINY-PhlOXINEB .....ccocvvevieeieeeeeeceee e 106,113
light green SFyellowish ..., 93,103
methyleneblue ..o 124
PICriC aCid/aCEtONE ......cveeeeeiire s 102
picromethyl BIUE ........ccoeiviiriiceeee 97,98
SATANIN O e 108
Feulgen
OrAM e 60, 63, 85, 97
picromethyl blue (FPM) ......cccooveivneennn. 60, 63, 85,130
(5= o110 [ 60, 63,66
(€70] 0110 (S 85,99,131
Gram
(Brownand Brenn) ........cceeeeveveeneeneeneeneenennes 85,87,101
(Brown and HOPPS) .....cvveeerveeereeeriiinines 85,87,102,131
Grocott’smethenaminesilver (GMS) ................ 85,88,132
Harris hematoxylinand eosin (HHE)
for frozen tiSSUE .....c.oceeeeveeeeececee e, 86, 88,106
Progressive Stain .......coevvveeneveeneeneeneeneenennes 86, 88,104
(501 (SSS AV IS 1] o 86, 88,105
Heidenhain'siron hematoxylinand eosin (IHE) 86, 88, 107
Mallory’shematein .......cccccoceveverieneeeenene. 86, 87,108, 132
Mallory’strichrome ..........ccoceveeerereceeieeeeenne 86,87,132
malt periodic acid Schiff
(MPAS) ..o 60, 63, 86, 88, 110, 133
acianblue(MPAS-AB)............... 60, 63, 86, 88, 111, 133
Mayer's hematoxylin and eosin ................. 86,88,113,133
(011 (=0 [O1(©](0) R 86,114,134
periodic acid Schiff (PAS) ............... 60, 63, 86, 88, 115,134
Heidenhain’shematoxylin .........cccccoevvevenenne. 86, 88,116
Perls' Prussianblue.........cocceeevevveveecenenen, 86,88,117,134
101 (o o) N 86,87,118,135
toluidineblue O (TBO) ........cccc...... 86, 87,88,120,121,135
VON KOSSA......uveieeiiciiieee et 86,87,122,136
Ziehl-Nedlsen
and Harris hematoxylin (ZHH) ............... 86,87,123,136
and methylene blue (AFB) ......ccccceeueee. 86,87, 124,136
Stains for specific tissues and tissue elements
acid-fast bacteria......oceeveeveevcieieeceeiens 86,87,124,136
aCid-fast SPOrES.....cccvevevverieere e 86,87,123,136
acid-fast SUDSLANCES .......cccvvevveeeeecree e 87,136,161
o] [0 o [ 87,94, 95,120,130
(o= [o: 1010 [P 85, 86, 87,93, 122,129,136
(o2 11 {1 129
(o] L= 86,87,118
[ = (= 98,107,118,135
(o0] 1 =10 1= o FS 85, 86, 87,98, 109, 130, 132
connective tissue.........coveeueene.. 85, 86, 87,98, 99, 109, 131
copper and other metals..........ccoeeeeee 86,87,108,117,132
CryptosSporidilum .......ccoeeieieneineese e 161
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DNA e 85, 87,98, 130
fats and phospholipids ........ccocevvernennennerre 86,87
FEITICITON ot 86,88,117,134
frozen tiSSUB......ceeeveeveeeceeecee e 86,106,121, 134,135
fuNGi o, 85,103, 115,116,132,134
general tiSSUE.....ccceveeveeeeieeeeeeeees 86,104, 105,113,133
OlYCOQEN ..o 86,88,115, 116,134
gram-negative bacteria.........ccoceevevevennnn, 87,101,102, 131
gram-positive bacteria.........ccooveevvennne 87,95,101, 102,131
MICIOSPOITAAN ..ot 157
mucopolysaccharides ... 88,92, 110,111, 115, 129,133,134
nuclear detail .........ccoeovveeeeeiiiceece e 86, 88, 107
PAS-positive substances................ 110,111, 115, 116, 133
FEHCUIUM et 87,99,131

SIYIOCHUS ... e 12,37

Suspension chambers.........ccceeveeveeeennenn 143,148,153, 171

T

ToluidineblueO stain (TBO) ............ 86,87, 88,120,121, 135

Transfer of tissues
transfer from broken slide or serial section ........... 184,188
transfer from histological didesfor TEM ..................... 183
transfer from paraffinto plastic ........c.ccceveevreennen. 185,188

B (S 000 (00 (<R 170

U

UrosalpinX CINEI€a.......coevreeirieirieesieesiesesre e i

US/metric conversiontable.........coccceeeeveeiecceececce e, 189

V

RV U =R 170
o] =7 [ 152
Chesapeake Bay ........c.ccceveereeniee e 152
= 0 11 (T 152

VOoN KOSSA SLAIN .....veeeeveerieiieeeceeecree e eve s 86,87,122,136

w

Water samples
Cryptosporidium ..o 163

X

D= 110]1.0- WU OSSOSO 15,30, 60, 135

Z

Ziehl-Nedlsen
and Harris hematoxylin stain (ZHH) .......... 86,87,123,136
and methylene blue stain (AFB) ................ 86,87,124,136

for Cryptosporidium .........ccoeeereieneienenenee e 161
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