August 3, 1973

MEMO TO: Dr. Joha Bardach
Director, H.I.N.B.

FROM: Robart M., Nakamura
Assoclate Animal Belencist

SUBJECT: T3 and Salmonellosis im Green Ses Turtles (C. mydas)

This is a belated report on our dissase studies on the turtles m.m)
Mhhlmhium-tthlunlu-uuﬂuu.l.cm. We .

thus far, examined 32 turtles in all. Twenty-two of these died prior to

1973 and for the most PArt wers froszem specimens. We do not have complets data
on the circumstances or dates of these deatchas. of
and exact cause of death could not be established on all of these turtles.
Between January 29 and March 13, 1973, 10 dead turtles were examined, Qn

Four turtles from the latter group of 10 were found to have multiple,
foeal granulomatous lesions im the lung, liver, amd kidneys. Acid fast
bacilli were found in smears from thess lesions. Histological changes were
consistent with a diagnosis of tuberculosis. Tissus Specimens were sent to
the State Animal Diagnostic Laboratory, and forwarded to the National Animal
Disease Laboratory in Ames, Iowa. The bacilli isolated were found to belong
to the Mycobscterium Avium complex, This is, as far as we know, the first
instance in which avian TB has been identified in turtles. Four out of 10
turtles in & two-momth period constitutes a high attack rate, in my opiniom.

2. Salmonellosis

We have isolated Salmonella from the turtles om 9 occasions in Harch
1573. Ve were isclating this bacteria almost at will from turtles that ware
housed in the Henke Anmex, These isclates wers semt to tha Public Haalth
Laboratory for sero-typing and were all found to be
As discussed in our telephone conversation, this serotype is one of the more
common ones in Hawaii, causes & severe type of infection, and the exact
Source of this serotype in human infection is largely unknown. In curtles,
Salmonellosis {s & mild or non-¢linical disease, but long-term carrier states
have been described.



Compacted Turtles

In 9 cases (from the original 22 and the latter group of 10}, the problem
was found to be a compaction (comstipatiom) inm the lower intestines. This
condition was thought to be nutritiomally i.l:hull

Degmaticis

Many of the turtles were afflicted with a skin condition which we feltc
was caused by a bacteria. Hiastologic sections showed numerous bacteria in
the despar portions of tha lesions. Various treatment regimes ware not
complated and dafinitive comclusions ware mot formed.

Miscellansous

Other turtles were afflicted with miscellansous disorders such as gas
(3) and congestion (&) in the intestines probably mot severs emough to cause
death, Fourtesn wers found to ba underweight., Im a large number, no changes
could be found to indicate the csuse of death.

Wa ara, at preasent, studying and avaluating a method for crsating turtlas
with potasaium permanganste, acriflavine, and malachite gresn for the
alimination of the carrier state of Salmonellosis., In praliminary studiess,
we ware vary surprised to find that cures wers effected in coin turtlas.

¥Wa would like to continue our studiss and perhaps extend thass studiss
to the turtles om Coconut Island; and if this treatment method proves to be
affsctive, to attempt to complataly eradicata Salmonsllosis from the turtlas,
In this effort, we would nsed to: (1) assess the Salmonslla situation in
your turtles at the present tima; (2) select a few positive-culture turtles
and subject them to the treatment; (3) place chem in & clean and isolated
enviroament; (4) momitor the feces for Salmonalla; (5) stress (by dehydration)
and retest for SBalmonslla; and (6) Lif megative vesults are obtained in step
5, othar turtles may ba similarly treated.

Iubarculosis

There are several steps in studies om TH that we would like to
undertaks:

{a) We would liks to tubsrculin test 3-4 turctles using avian TH antigen.
If the results are negative, wa would produce a positive subject by
injecting the avian TB antigen imto thase turtles. After anm appropriate
time interval, thess turtles would be retested to determine 1if turtlea
are capabla of responding to a skin test. As far as I know, turtles
have never been skin-tested for TB.

The antigen, avian tubsrculin, can probably be used in the skin test.
If pot, an antigen will have to be prepared from ocur Lsolate. I have
asked Dr. C. Thoan of the Maticoal Animal Disease Lab concerning this
and have mot, as yet, recaived an answer.



e

If any turtles turm out to be positive om the skin-test, I feel the
animal should ba killed and examined or at lsast quarantined to prevent
spread to other turtles. We may even comsider chemotherapy im the
control (prevention) of TR im the turtles.

{(b) If che skin test {s foumd to ba feasibla for detecting TB, the sourcs
of the TB organisms in these turtles can be ascertained by TE testing
of turtles and birds i{a the natural habitac (the Lesward Islands). If
facilities for holding turcles and birds for a period of 72 hours is
available, this is the period of time needed to imject the tuberculin
and read the skin test.

These are the results of cur studies om the turtles and proposals for
continued studies on TB and Salmonellosis. As I said in our telephona conversation,
1 feel that these two disesses should preclude any considsrations of relsass of
these turtles. The proposed studies could still result in effective means for
control of these diseases and safe releass of the turtles, If turtles are being
considered for agquaculture, then studies on dissases of turtles should commence
with the proposed studies on TB and Salmonellosis and continue into studiss onm
control of the dermatitis.

Sorry for such a lomg memo. 1 did want to get my thoughts om paper. If
you have any questions, pleass feel free to call me (948-8334),

ee: Dr. Allem Miyahara
vHr. Ceorge Balaza
Hr. Jim Brock



Avgust 7, 1973

Dr: H. Robert Bustard
Australian National University
Ellhm; Ay Gy Ts

Auvstralia

Desar Dr, Bustard:

A large portion of my research here in Hawaii deals with the nutritional
aspects of captive reared marine turtles. In additions I have recenmtly
completed a seven-week field study on the greem turtle breeding colony
at French Frigate Shoals. As you are probsbly aware,; this remote area

hosts the largest number of mesting turtles throughout the Hawaiian
Archipelago,

Cur present group of 100 green turtles were obtained from French Frigate
Shosls at one-day of age. They are now 1l months old, healthy and range
from 1.0 to 2,5 kg in weight., However, at approximately four months of
age we experienced a 30 percent mortality over a four to five week period.
As there were no external signs othar than an accompanying weight loss,

we turned Che specimens over to a pathologist for examination. Ten of

the animale were found to have granulomstous lesions in the lungs. In
addition several had similar lesions im the liver and kidneys. Acid

fact bacilli were found in smears from these lesions. Two of these samples
were subsequently sent to the Mational Animal Disease Laboratory in Ames,
lowa. The bacilli pyisolated were recently found to belong to the
Mycobgcterium gyium complex. To my knowledge, this iz the first identi-
fication of avian Mycobacterium in turtles. In my opimion, the most
logical route of infection would have been through the mmerous sea birds
(terns, shearwaters, albatross, etc.)y which utilize the same islands as
the turtles. %ince much of your work has taken place on gimilar islands
where birds mesc, I thought it might be possible for you to have knowledge
of this condition. If you have observed similar lesions or have informa-
tion on this subject from your own persomal experiences, I would preatly
appreciate hearing from you at your sarliest convenience,

Sincerely,

George H. Balazs
Jr. Marine Biologist



APPLIED ECOLOGY PTY. LTD.

Talsphone: 87 0722 - P.0. Box 26, Woden, 4,0.T. 2606
Telax No.: G468

Ansiwar Back Code: AAG24ES

Telagreme/ Cablos “Ecefogy” Canbarrs.

HRB:jjo 20 August 1973

Dr. G. H. Balazae

Maring Bioclogist

University of Hawaii

Institute of Marine Biology

P.0. Box 1346

Coconut Island KANEOHE. HAWAIIL 96744

Dear Dr. Balazs,

Thank you for your letter of 7 August 1973, T would
certainly appreciate you keeping in touch with ma in view
of your interests in the nutritional aspecta of captive
reared marine turtles. Might I suggest that I would be
most grateful for any reprints you may have and I would be
happy to send you any of mine that vou may request. I have
had no experience with the lesions to which vou refer.
Most of the Islands where we are invelved do not have
nesting sea bird colonies and in view of the situation
vou describe, the occurrence of Mycobacterium avium is
nat surprising.

Do please continue to keep in touch.

Yours sincerely,

A

{H. R. Bustard)



April 29, 1974

Mr, Palmar Sekora

Rafuge Hanager

Hawaiian Islands National Wildlife Rafuge
337 tluniu Bc,

Kailua, Oabu 96734

Dear Mr. Sekorai

For tha past 5 years we have been studying the imsune response and
the characteristics of the immunoglobulins (antibodies) in the sea turtle.
This study was iniciated as a result of a casual conversation with Dr. John
Hendrickson, former Professor of Zoology, who told ma that it has not
been possible to trace the migration of these turtles. I suggested that
an "internal marker” might be possible; that is, to imsunize with an anti-
gen (vaccine) which the animal would not come in contact with in nature,
and then bleed sometime later and assay for the production of specific
antibody synthesised to this antigen. This is a common procedure in the
field of imsunology. The idea was reasonabls, thus, we initiated & study
on the characteristics of the imsune response and the sntibodies. As a
result, we have made some fundamental discoveries in regards to "immunity"
in turtlea. As far as I koow, we are the only group studying this as-

- pect of sea turtles. In addition, we have found that turtles, given a

single injection of the antigen, still synthesize detectable antibodies
to this antigen 5 years after injection. The animals at the Walkiki
aquarium are being used for this work. Thus, we know that if we inject
an adult animal (over 60 lbs) theycan be recognized by this assay method
5 years later., We had received 3-month sea turtles some time ago from
Dr. Hendrickson, and we have followed the ontogeny of the immune res-
ponse in this animal--several very important basic finding were mada in
this regard. How, we are in a position to ask the questions: (1) Will a
. nawly hatched turtle injected with the antigen ba recognized 1, 2, 3,....
years later?/ (2) What are the charsctaristics of the antibodies and
"{mmunity” of very young turtles? In order to answer these questions 1
should like to request permiseion to obtain about 20 newly hatched turtles
and perhaps a few eggs. I have talked with George Balazs about this pro-
jJect and he has agreed to help in any way that he can.

As part of our continuing interest in the immma response of lower
vetebrates, we also are interested in studying in turtles a response known
as "cell-mediated immunity". One manifestation of this reaction is the



Mr. Palmer Sekora - 2

"tuberculin reaction” (delayed-type hypersensitivty). This has not been
studied in turtles, George also is interested in this vespanas, because

a poaitive tuberculin reaction is an indicator of exposure to the bacterium
which causes tuberculosis (Mycobacterium sp.). George and I propose to do
a fundamental study on the conditions raquired to elicit the tuberculin
reaction. Perhaps this study would be of interest to you since devalop-
ment of this method, as well as other immunologic procedure, for detec-
tion of disease in turtles obviously will be related to thair preser-
varion.

Mm!ﬂmhlpthtyuumnnm.

Sincarely,

Albart A, Benadict
Profeassor

AAR ;mam

cc! George Balazs, HIMBE



UNIVERSITY OF HAWAII

Hawali Tnstifute of Marine Riokegs

MEMORANDUM
December 26, 1974

TO: DR. M. KREMRIN
DR. M. BALK
Clinical Investigation Service
Tripler Army Hospltal

FRUM: GEORGE H. BALAZS
Hawaii Institute of Marine Blology

CONCERNING: MAHIHF TURTLE STUDIES

4or oaniwenells, organsms
In reviewlng my recprds 1 find that over the past 10 weeks a total of three
separate samplings/have been made of both green and hawksbill fecal matter
and the sea water associated with the turtle facility. In addition, on one of
these occassions samples were also taken of various feedstuffs as well as the
intestinal contents of fish inhabiting the Coconut Island lagoon. It is my
understanding that the only positive results cbtained from these tests came
from fecal matter isolated from a single pen (#2) which contained three animals.

Based on these results and the results of post-mortem examinations conducted on
four greers and cne hawksbill, I wonder if there is presently any reason why
those animals not contained in pen %2 cannot be released from captivity into
thelr natural environment. As you are aware, I have been planning the release
of"most of these turtles for some time, contingent of course on your clinical
findings. If we can now be reasonably satisfied that it is safe to do so, I
would like to proceed with this actlon,

ee /
Dr. J. Bardach, Director HIME

Dr. H. Palumbo, Comparative Medicine
Dr. A. Benedict, Microblology



Clinical Investigation SUQ*""
Box 751, Tripler Army Medical Center
APO San Francisco 96433

21 January 1975

Mr. George Balazs

Hawaii Institute of Marine Biology
P. 0. Box 1346

Kaneohe, Hawaii 96744

LDear George:

It 1s our professional opinion that all of the green sea turtles presently
housed at Coconut’ Island, except those in cage #2, could be released

into their natural environment. With the exception of cage #2, Salmonella
has not been cultured from any of these turtles during the multiple
attempts to isolate this organism.

The public health hazard associated with the release of the turtles in
cage #2 will probably be debated at length. We feel that the release of
these animals in the open ocean does not represent a significant public
health hazard when compared to open sea dumping of minimally treated
sewage,

Sincerely,

{ ﬁ-‘iﬁu 1'lIllr Q}m.ﬁmu @
MARTIN H. CRUMRINE, Ph.D.
Research Microbiologist

Wil w (Bablly

MELVIN W. BALK, D.V.M., M.5.
Laboratory Animal Veterinarian



United States Department of the Interior
FISH AND WILDLIFE SERVICE

Hawaiian Ialands end Pacific Islands
Hational Wildlife Refuges
337 Ulundiu Street
Kailua, Hawali 96735

February &, 1975

Mr. George H. Balazs

Hawail Institute of Marine Biology
University of Hawail

P. 0, Box 1346

Kaneohe, HI 96744

Dear George:

In reply to your letter of January 22, 1975, we have no objection to
the release of those turtles obtsined as hatehlings at French Frigate
Shoals, Hawalian Islands National Wildlife Refuge, during Aogust 1972,
under & U. 5. Fish and Wildlife Service permit. However, we have been
informed by the Hawail Division of Fish and Game you will require a
permit from them to release in Kaneche Bay.

Frlor to the releage of any turtles, they should be certified fres of
any parasiteg and/or diseases which would be detrimemtal to other tur-
tles and marime life. We will reguire that you return approximately
ten tagged turtles to French Frigate Shoals for relegse there, This
may provide further insights into their movements especially any pos-
slble return as nesters or breeders in ensulng vears. Shipment of
these turtles could be by Coast Guard Buoytender during their spring
resupply migslon to French Frigate Shoals. We will coordinate this
activity., We suggest also that some be released in Kailua Bay where
from time ko time emall Eurtles are reported.

This has been discussed with the Endenpgered Speciss Coordinator
Bugena Kridler and ha concurs.

Please inform us when the turtles are released on Oahu so that we
may observe this ewvent.

Thank wou for the publications sent and we will look forward Eo
receiving other papers when written.

Sincerely yours,
Palmar C. Sakora
Eefuge Manager

Save Energy and You Serve Americal
. M, Dillon, Mr. E. Eridler, Mr. M. Takata
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Heseedr 149, 1041

By Jomes A, Brock

Aquaculiure Disease HSpocialist
Division of Fish and Gasc

Popt, of Land aud Hatural Besources
1151 Punehbowl Strest

Ponelulu, Hawaii 968123

PBuear Dr. DBrock:
Thank yvou for allowing m: bto revlew Ehie mpberisl on the groen turglos.

The periocular lesions described by both you and Dr. Balazs are commonly
geon in agquaculture redted morine tuciles, T have seon thes boch in
Ridley's at Galveston, Tenas, and in green turtleos at Cayman Farm,
Grand Cayman, B.W.X. I am more famfliar with the syndrome {n tha
Cayusang,

An far as I know, groy potch disease has only bheen conclusively domon-
stratid In green turkles ab Cavaman Turile Faym, This does nob mean 1L
ig lound nowhere elase, but (€ has only boen from turtles at Cayuan Turtle
Farm tliat the vitus has boen disolated and demonstrnted in tissue section,
Over Lhe last fow yoors 1 lawe seco hondreds of cases. Morbidicy and
mortalicy wary from year toe year with each new group of hatehlings. IE
is generslly not seen within the first two meaths following hatehling,
nor aftar one year of ape. Lesions can he gcon over the entire body
surface (plastron and carapace included) and start out as small papules
that eventually coalesce into palehes (in Lhis month's issue of "The
Compendivn on Continuing Education for the Peactieing Veterinarioan"
there ip 8 proes photo of preov=patel in an actdele I have conerlibubed),
Vary raroly is thare iuvolvemont at only one site such ag the periccular
iz, Goenerally 1t w1l becoms diClupe nerons the cervicol skin and
forclimbe. Secondary bacterial and mycotic infoction add to the problem.
Ercloged wou will [ind o slide of grev-potch. Kote the characteristic
hyperplasia and hypertrophy of opithelfial cells wich Iightly basophilic
(gomewhat glassy appearance} Intranuelear inelusions,

Tho tissues thabt you sent representodmecrobizing wlcerative opldapmal
lesicns with dormal acerosls and daflaspation in most areas. The surfaoce
was covored with necrotic debrds containing myriads of hacterda. DLy Gram
gbain Che predominant orpanisms were pram-negotives. GME stdained sections
fafled to roveal any fungi. The lesjon, In the material 1 reviowed, was
neceekbising comparad to o more proliferacive rospenos for Croy-lateh,  Ho
inclusions were gseen In your material.

EdArAaL FRMPLIYYRID M S30ERT R A I RE DVWE AT AU TREIL W LR




bDr. Jomes A, Drock
Harch 19, 1981 -
Fapgo =twg= =

In my exporiconce most precn turkles raieed in aquaculture are kept

uider erowded conditfons., Palpebral lesfons commanly begin asabrasions
from turtles tuh:bim:. agninst one anpther. Furthey !]nm.n;';ﬁ_ ail E'.Hillﬂl
damage, =ay be {rom 1'u|.1h-':nu apgaingt the walls of Che holding Eanka,

Sluee these andimils aro canstantly beluy bathed In a son of mleronrpanisms,
traunatic lesions ecasily become infscted. T would be curfous in knowing
the Lype of Liltration system that 1y bueing used. lave the eyelid lesions
been cultured, and have you tried any type of antibietic therapy?

e, George Leoog at Galveston, aund the peaple at Cayman Turtle Farm

]uw: had some suceess In controlling these lesions with antibistic

goaks,

Thus, in summary, I do not belleve that you have a harpes virus infection,
It very well may be that this fs o husbandry problem that may be controlled
by improved husbandry technigues, If you could gsupply me with Information
regarding the veardng techoiques maybe T could be of furthoer help,

I look forward to heaving [rom you and il you have any other material
that you would like ma to evalunte pleasc sond it along,

Wik I_Il_"‘:::_ |'-':".-r|1'd.5,
CXet o e Il‘\' Y
“Q-Lf‘xj—’i-‘?'-'ﬂ '-L"Q‘.',.:-_;’::'_i‘:f_-'-——*

Elliett Jacobson, D.V.M., I'h.D,

Elrel
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ADP Case #85-132 (5/15/85) /)
s'.pem:ze Bodianus sp., Gymnothorax sp. and Chelonia mydas. Smal {?FFE‘F’

Culturette swabs from skin and shel lesion SEDAITLE] For general #:? affa
aerobic bacterial isolation/identification.

Bodianus - Isolated bacteria resembling Moraxella - Vike bacterla
Gp. M-6

Gymnothorax - Isolated bacteria resembling Vibrio alginolyticus,
nterobacter agglomerans and Micrococcus sp.

f Chelonia mydas - Isolated organisms resembling Vibrio alginolyticus,
Vibrio Tischeri and Vibrio sp.f

ADP Case #85-137A (5f20/85)
Species: Chelonia mydas
Turtle shell biopsy specimen for microscopy and fungal culture.

GROSS FINDINGS: Large focal to confluent and spreading ulcerative
shell, skin and flipper lesions. Affected tissues appeared necrotic.
Wet-mount preparations revealed abundant branching, septate fungal
hyphae. Bacteria were also present in the superficial tissues.

HISTOPATHOLOGY FINDINGS: Ulcerative, necrotic shell cuticle heavily
infected with branching, septate fungal hyphae. Fungal spores were
not observed. Bacteria present in the tissues.

MICROBIOLOGY FINDIMNGS: Isolated a fungi resembling Fusarium sp.,
possibly F. solani.

- DTAGNOSIS AND COMMENTS: Ulcerative, necrotic shell disease probably
caused by Fusarium sp..

ADP #85-1378 (5/20/85)
Species: nthus cruentatus. /_,_,.-f"//‘
Gross examipatiom-of ulcerative skin lesions, "holes™:~6n the head
and a biopsy specimeﬁ“ﬁfmzhickened skin frum—tnﬁ caudal edge of the
operculum.

Skin biopsy specimen from nmqﬂ deca'll:'lfled prior to blocking/
staining. - -

=

— B
HISTOPATHO FINDINGS: Epidermis and dermi eared to be thickened.
Focal n the basal epidermal layer, cellular necresis was observed.
A iologic agent was not apparent in the examined tis saection.

e e e ——
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DIAGRBEIS AND COMMENTS: Focal epidermal basal cell degeneratdon and
necrosis. cause of the focal cellular necprosis wWas not apparent

ecimen. g

=

-d--'-'_'-'- e '} a
Since the "holes” on t region has been recognized from a variety

of SFEELEEﬁE%’maP*ﬂE fish at . jum, it is probably worthwhile
ain several specimeﬁ:qtﬁgf"Eanhhn_AQFrificed 50 & more

to tr
;zmﬁﬂﬁié study of this syndrome can be undertaken. ™ .

in tissue biopsy

ADP Case #85-146 (5/25/85)
Species: Chelonia mydas -
Juvenile green sea turtle found dead in A.M. Postmortem examination ‘

performed. Note: this is the same animal for tissue biopsy specimen
85-137A.

GROSS FIMDINGS: Turtle emaciated, with shrunken eyes and taymht skin
suggestive of dehydration. Severe ulcerative shell, flipper and skin
lesions. . However, necrotic process appeared to be Timited to the outer
50% of the shell and was not found to obviously penetrate into the under-
lying tissues. Approximately 5 ml or red colored fluid was present with-
in the abdominal cavity. MNodular lesions or apparent granulomata were
not noted within internal organs. The small bowel was empty for a small
amount of yellow, mucoid fluid. Lower intestine was partially distended
with a frothy, malodorous greenish-brown fluid. Intestinal metazoan
parasites were not grossly observed. Lungs atelectic, but floated in
water; bladder empty. Swab cultures were collected of the necrotic shell
tissue (fungal culture), abdominal fluid (aerobic bacteriology) and lower
bowel intestinal contents (Salmonella culture).

MICROBIOLOGY FINDINGS: Abdominal fluid - Isolated bacteria resembling
Corynebacterium sp., Streptococcus sp., Vibrio g%ginulyticus and Proteus
morganii. Fecal culture - no Salmonella 1solate Necrotic shell - iso-
ated a fungus in the Genus Fusarium, probably F. solani,

HISTOPATHOLOGY FINDINGS: Abundant fungal mycelia within the epidermis

and outer layers of the dermis. Little te no host inflammatory response
to the invading fungal mycelia was found. In some areas of the epidermis,
individual epidermal cells contain slightly basophilic, circular cyto-
plasmic inclusion bodies, which frequently were found to displace the nuclei
of the cell. Internal tissues were found to be moderatiey to severely
autolytic. Large colonies of bacteria were commonly observed in the liver
and within areas of the intestinal tract. The liver sinusoids appeared to
be congested with blood. Foci of acute inflammatory cell infiltration in
several areas of the ventricular myocardium, and degeneration of renal
tubular epithelium were found.

DIAGNOSIS AND COMMENTS: Severe mycotic shell disease caused by Fusarium

%E; was the primary reason for this turtle's death. The apparent dehy-
ration of the turtle probably resulted because the animal could no Tonger .

osmorequlate due to the extensive damage to the shell and skin. The focal
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colonies of bacteria were probably either opportunistic pathogens
invading a debilitated host, or represent a postmortem event. How-
ever, the focal, ‘acute inflammatory lesions in the heart muzele
suggest that bacterial invasion probably occurred prior to death of
the animal.

The apparent cytoplasmic inclusions within epidermal cells of the

skin may indicate infection by a viral agent or be a type of degen-
erative process which these cells were undergoing. Additional histo-
logical work and possibly T.E.M. study may be required to clarify this.
These possible inclusion bodies are not consistent with herpesvirus

infection known from green sea turtles reared in mariculture farms in
the Cayman Islands.

Fungal shell disease has been reported from a number of turtle species
including C. mydas. I am unaware of reports of Fusarium being a cause
of shell disease of turtles, but it has been impTicated as the cause
of necrotic skin lesions of snakes.

ADP Case 85-162 (6/13/85)
Species: Chelonia mydas
Necrotic shell tissue for fungal culture

MICROBIOLOGY FINDINGS: Isolated Fusarium sp. probably F. solani from
the necrotic shell tissue. A subculture of this fungus was submitted
to the National Veterinary Services Laboratory, Ames, Iowa for confir-
mation of the identification. The NVSL reported the isolate to be
Fusarium sp.

COMMENTS: The same fungus has now been isolated from two green sea
turtles with the necrotic shell lesions. This strengthens the argument
that Fusarium sp. is the cause of the necrotic shell lesions of these
turtles.

Griseofulvin  while being an effective therapeutant for the dermatophyte
fungi which are theprimary cause of fungal skin lesions of people, is not
supposed to be effective as a treatment for other types of fungi. It is
therefore unlikely that the Fusarjum sp. associated with the shel] lesions
of the turtles is susceptible to griseofulvin therapy. Thus, the current
griseofulvin treatment of the turtle with the shell lesions should be

discontinued.

It may be of some significance that the shell lesions of one, and possibly
two turtles have appeared to respond to daily 1 hr. bath treatment with
formalin at 1 ml/gal. (250 ppm). Formalin is not generally recognized as

a good fungicide, not at least in my experience, and if it is in fact
effective then it may be that the repeated exposure (daily bath treatment)
has been of significance as to why it has seemed to help.  The observations
on the effectiveness of the use of formalin bath for treatment of fungal
shell disease of turtles may be of practical importance to others who work

with juvenile green sea turtles.




3 THE SYMPOSIA OF THE NATFONAL ZOOLOGICAL PARK

Lol mal TERWL v e oo %

of Zoo Animals

RICHARD J. MONTALL Editor

Proceedings of a Symposium Held at the
Conservation and Research Center
National Zoobogical Park

Smithsonian Institution

Oictober 68, 1976

Smithsonian Institution Press
Washington, D.C.
1978

ra

- e

R K1
[

-



{ DAVID G. BROWNSTEIN, DLV.AL

Reptilian Mycobacteriosis
Department of Pachology

Johns Hopking University Hospital

Baltimore, Maryland Z120%5

ABSTRACT

Reprilian tuberculosis is a sporadic disease with
an aondal incidence of 0.1 to 0.5 PETCERL i
well-managed colonies. Organisms reporved
from cases with cultural confirmation have all
been within Runyon groups I and IV. M.
-marinum, an uwbiguitous saprophyte of warm
aquatic environments, Is most commonly iso-
lated. Less commonly isolated are M. chel-
onief [borstelemse, runyoni, abscessus], also of
wide environmental distmbution, and M. tham-
nopheos. The latter, originally isolated in 1923
from garter snakes at the Fhiladelphia Zoo,
has unusual links with Nocardia

Disease production is a complex interaction
of organism, host, and environment with stress
and-debility playing an important role. Snakes
ingesting birds infected with M. awum may
harbor the organism for many months. inocu-
lation with M. awum has been shown to in-
duce disseminated disease in snakes. Inocu-

lation of lizards with A, wleerans, a slow grow-
ing, nonchromaogen, has also produced disease,

Eeptilian tuberculosis may be localized or
disseminated. Infections usually originate in
skin amd respiratory or alimentary tracts. Chel-
onia most frequently have cutaneous or pul-
monary primary infections, while other orders
frequently have primary infections of the di-
gestive rract. Primary lesions often contain
abundant caseation with minimal histiocytic
response and therefore resemble the inflama-
tory responde that is rypical o a wide variety
of pathogens in the repile. Secondary foci of
mycobacterial infection are usoally more typ-
ical of the tubercles noted in other species. Acid-
fast organisms are abundant in caseous areas
as well as within macrophages. The reptilian
organisms are larger than mammakian or avian .
types and usually have a beaded appearance.
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Mycobacteriosis of reptiles is a sporadic disease with

an annual incidence of 0.1 to 0.5 percent in well-
managed collections reporting the diszase (4, %)
The infections may be local or disseminated and
originate in skin, and respiratory or alimentary
tracts (2, 14, 20). Primary foci in the skin or lungs
are reported to be most frequent in chelonians while
alimentary origins are common in crocodilians and
Squamata (16},

Gross autopsy findings are generally characceristic
when the disease is disseminated and consist of firm,
noncalcified nodules up to 3 mm in diameter with
a miliary pattern in many tissues, including liver,
spleen, and kidneys (Figure 1). Such lesions are in-
distinguishable from systemic mycoses and have besn
observed on occasion in visceral gout and subacute
bacterial sepsis. This lack of specificity correlates
with the more primitive type of inflammatory res-
ponse in reptiles where a wider range of ageno
are capable of eliciting a granulomatous reaction
than in higher vertebrates.

. Brimary (local) lesions may assume a variety of
forms from caseous consolidation of an organ or
tissue (Figure 2) to ulcers or sarcomatous prelifera-
tions (12). They may therefore mimic a number of
other pathological processes.

Histopathologic  examination of disseminated
lesions generally reveals typical tubercles; i.e., well-
circumscribed accumulations of epithelioid cells,
some with caseous centers. These tubercles dif-
fer from mammalian tubercles by the rarity of
Langhans' giant cells, the absence of calcification,
and a less prominent zone of lymphocytes at the
periphery of the mbercle (Figure 3).

Histopathologic examination of primary (local)
. lesions often shows abundane caseation with a mini-
mal histioryric response {Figure 4). This type of re-
action may be tmpoasible to djsrjnsui_{.h murphl:ﬂnga
ically from the nonspecific caseation frequently asso-
ciated with acute inflammatory lesions from non-
mycobacterial causes. This caseation is thoughe to
result from the lack of liquifying lysosomal enzymes
of reptilian lencocytes.

Acid-fast organisms are presenc in large numbers
in most mycobacterial lesions both intra- and extra-
cellularly. They are large (up to 7 pm in length)
and often have a beaded appearance (Figure 5).

Organisms isolated from spontaneous reprilian
mycobacterioses have been either photochromogens
or rapid growers and therefore belong to Runyon
groups I and IV, respectively (21). In cases reported
from the London Zoological Park from 1924 to
1933, Gnffith isolated Mycobacterium marfum
from 71 percent of the cases (7, 9). This is an ubig-
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Figure 1. Diseminatsd myeabacteriosis in the liver of a make.
Slibiwry paisern of nodules ccouds thromghoue the organ,

Figurs 2. Lung sectinn from 2 smals wily 3 Caserms msnhacs
rerial lesion oo che oleurs, B %E, X 90,

uitous saprophytic photochromogen of warm agquatic
environments which is infective for a wide variery of
poikilotherms and occasionally has been reported to
infect mammals (7, 8, 22). Less commonly isolated
from poikiletherms are M. chalones [ orstaleriye,
runyoni, abscetsus) (9), a rapid grower of wide envi-
ronmental distribution, and M. thamnophess (1).
The latter, originally isolated by Aronson from dis-
eased garter snakes at the Philadelphia zoo, has un-
usual links with Mocardia. Lechavalier, comparing
the carbon skeleton of mycolic acids in the bacterial
cell wall with that of Necardia, proposed that M.
thamnopheos should be more properly classified as
MNocardia due to the smaller carbon skeleton (11).

Older literature also reports M. tropidonatus (8)
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Figure 3. Section of liver from & snake with a tubercle typical of
thar seen in disseminated mycobacterioss in repuiles, The caseous
center iy surrpunded by activated macrophages. Maoce the absence
of Langhans' giant cells and cabeification and the pawdiy of the
lymphocyres at the perperphy of the lesion,
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Figure 4,  Secvion through the periphery of o primary myeohac
werial lesion from a snske. If concists mainky of cewous necrogic
tisdunr Aeid berverophibes. HEE, X 500

and M, schlangem (15) as being isolated from spon-
taneous disease in snakes, but Bergey's manual no
longer lists these species (5).

Experimentally, reptiles have been infected with
myeobacteria that are nonchromogens, M. cwum
{10) for example, and a wide variety of mycobac-
teria classified as rapid growers (15). Experimentally.
disseminated disease has been produced in reptiles
with M. tuberculosis when environmental tempera-
tures were elevated (3, 19). Early accounts of spon-
taneous myeobacterial disease in snakes, without
cultural confirmation, have been correlated with the
feeding of tuberculous birds suggesting that M.

Futilisrss Mycobecterisais .
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Figure 5. Secton of 8 caseous myoobscierial beion from o
snake with nwmerous acid-Fast bacibli, The viganiams are 5-7 gm

in length and many have a braded appearamce. Ziehl-Mesken, X
VR0,

arwym is the causative agent (6. 18).

The epidemiclogy of mycobacteriosis of reptiles
is undoubtedly different from tuberculosis of birds
and mammals, It is unlikely that any mycobacteria
are primary pathogens of reptiles, although the
status of M. thamnopheos in this regard is unclear.
Most of these organiyms are saprophytic or margin-
ally pathogenic and produce disease either when
there is immunologic deficiency or when very large
numbers of organisms are introduced into the host.
Therefore, the incidence of mycobacteriosis rises in
poorly managed reptile coliections in which speci-
mens are often stressed and malnowrished. Poor
sanitation allows large numbers of saprophytic myco-
bacteria to proliferate in moist environments. Com-
pounding the problem are defects in exposed epi-
thelial surfaces such as skin ulcers or respiratory
infections due to other infectious agents which allow
secondary colonization by acid-fast organisms. Inges-
tion of a mycobacterial-infected poikilotherm by an-
other may also be a route of infection particularly
when the lestons primarily inwolve the alimentary
tract, M, marinum and M. cheloned are the most
common mycobacteria isolated from infected rep-
tiles, probably becanse they are ubiquitous in ague-
pus environments where most repeiles are exhibized
{17).

The elinical diagnosis of reptilian mycobacteriosis,
when there are no external lesions, is often diffieule.
However, anternartem diagnosis is not as imperative
to colony management as the comparable situation
in mammalian and avian tuberculosis since contagion
is apparently not a feature. Post-mortem diagnosis ks
important for purpeses of identifying contaminared
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quarters, The source of mycobacteria can then be

identified, utilizing the known natural history of the
species isolated. These are often in agqueous habitars
that are rich in organic material {slime) and metalic
ions (water Faucets) (17).

There are currently no reports on the clinical
management of mycobacteriosis of reptiles,
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