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Fish: Serologic Evidence of Infection with Human Pathogens

Abstract. Specific antibodies to several bacteria pathogenic to humans were
detected in the serums of white perch from surface waters adjacent to heavily
populated areas on Chesapeake Bay. White perch from surface waters adjacent
to sparsely populated areas were free of such antibodies. We suggest that fish
may become actively infected with human pathogens by exposure to contaminated
water and may constitute a hazard to public health.

Many individuals and even communi-
ties discharge their excrement into con-
venient rivers, lakes, or estuaries in
spite of the fact that such material
frequently contains bacteria capable of
causing human disease. It is generally
assumed that surface waters so con-
taminated are naturally purified by di-
lution, aeration, exposure to sunlight,
and antibacterial action of the indige-
nous microfiora. Unfortunately little
consideration has been given to the
possibility that fish exposed to such
contaminated water may become ac-
tively infected with pathogenic bacteria
and pose a threat to public health: di-
rectly through their handling and in-
gestion, and indirectly by releasing in-
fectious bacteria into waters that may
be considered safe according to usual
standards of analysis. '

Pathogenic bacteria associated with
the digestive tracts of man and other
mammals have been isolated from many
varieties of fish. It has been reported
that these bacteria are short-lived con-
taminants of the surface and gut of the
fish, that they derive from human fecal
pollution of the aquatic environment,
and that they are unable actively to
infect the fish (Z); however, there is
evidence that at least some of these
bacteria can establish active infection
in fish and persist for several weeks
or longer (2).

Our purpose was to determine wheth-
er fish, from surface waters subject to
human fecal contamination, had evi-
dence of active infection with patho-
genic bacteria associated with such
contamination, since actively infected
fish could serve as long-term active

carriers of human disease as well as
short-term passive vectors. We made a
serologic survey of serums from white
perch, Roccus americanus, for anti-
bodies to some of the human pathogens
known to be introduced into the aquatic
environment chiefly by excrement from
man and other mammals. The survey
was based on the assumption that anti-
body in white perch, to a particular hu-
man pathogen, would be prima facie
evidence that the fish had been actively
infected with the pathogen or some
closely related species at some time,
since fish are known to produce high-
ly specific antibody in response to
antigenic stimuli (3). The assumption
that active infection of the fish is re-
quired in order to achieve an antigenic
mass large enough to induce production
of detectable antibody seems reasonable
to us in view of available evidence that
experimental injections of large amounts
of antigens are required for such pro-
duction in various fishes (4). We should
point out that the antibody response
of fish to ingested dead bacteria is un-
known; it may possibly explain our
results.

White perch were selected because
they rarely leave the river in which
they hatch (5); therefore, if they carried
evidence of infection, the condition of
the river in which they were caught
might indicate the source of infecting
bacteria. Fish ranging from 10 to 30
cm were netted at random during late
summer in rivers flowing into Chesa-
peake Bay through heavily populated
areas and likely to be contaminated
frequently, and in sparsely populated
rivers of the eastern shore of the bay
that are probably rarely contaminated.
Each fish was bled by cardiac puncture
with a hypodermic syringe, and the

Table 1. Serologic survey of white perch for precipitins against human pathogens. Numbers of fish appear in parentheses.

Fish (No.) with precipitins against pathogen:

Source of fish

Past. Past. Salm. Shig. Prot. Ps. E. Aero. Aero.
pestis pstb. para. A flex. vulg. aerug. coli B hydro. shig.
Heavily populated areas
Potomac River (63) 4- 4 . 1 1 1 1
Patuxent River (38) 1 1 1 1 1 1
Severn River (10) 2 1
Magothy River (25) 1 2 5 # #
Patapsco River (13) 1
Back River (26) 3 3 3 3 2 3
Middle River (16) 1 1 1
Tolchester Beach (15) ® 2 2 2 * #
Sparsely populated areas
Chester River (8)
Choptank River (25)
Nanticoke River (7)
Wicomico River (17)
Percentages positive
3.0 3.0 1.5 2.3 3.8 5.7 2.3 0.9 0.5

* Not tested.
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Fig. 1. A gel-precipitin plate. Note
typical precipitin bands between serum
(center well) and Pasteurella pestis (well 1)
and P. pseudotuberculosis (well 2). Join-
ing of bands indicates that the reacting
antigens are identical or closely related.
The serum did not react with Salmonella
paratyphi A (well 3), Shigella flexneri
(well 4), Proteus vulgaris (well 5), Pseu-
domonas aeruginosa (well 6), or any other
of the organisms tested.

clotted blood was stored at 5°C until
the serum could be tested.

The agar-gel diffusion technique of
Ouchterlony (6) was used to detect
precipitin antibody to the following hu-
man pathogens: Pasteurella pestis, P.
pseudotuberculosis, Salmonella para-
typhi A, Shigella flexneri, Proteus vul-
garis, Pseudomonas aeruginosa, Escheri-
chia coli B, Aeromonas hydrophila, and
A. shigelloides. Cultures of these orga-
nisms are maintained at Fort Detrick
and their identities were verified (7).
For preparation of the antigens, each
species was cultured in Difco heart in-
fusion broth for 48 hours at 26°C;
the bacteria were then disrupted by ex-
posure of the cultures to sonic vibra-
tions for 10 minutes (Raytheon Sonic
Oscillator). Finally the cultures were
sterilized by filtration, and merthiolate
was added at 0.1 mg/ml to maintain
sterility. The prepared cultures and
white perch serums were stored at 5°C
pending the gel-precipitin tests. Agar-gel
test plates were prepared with 1 percent
Oxoid ion agar No. 2 in physiological
saline containing merthiolate at 0.1
mg/ml; they were incubated at 23°C.
When present, precipitin bands were
easily visible and well defined within
24 hours (Fig. 1).

Precipitin antibodies to each of these
human pathogens were detected exclu-
sively in fish netted near heavily popu-
lated areas (Table 1). The precipitins
were specific in that none of the posi-
tive serums reacted with more than
one of the organisms, except that eight
serums reacted with both Pasteurella
pestis and P. pseudotuberculosis. There
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two species share most of their antigens
(8), so that cross-reactions with specific
antiserums to either organism are ex-
pected. Pasteurella pestis was included
in the survey, as an indicator of the
specificity of the antibodies detected,
since it has never been detected in the
Chesapeake Bay area and because it
shares antigens with several other
Gram-negative bacteria (9); therefore
antibodies reacting with P. pestis must
be considered nonspecific. The fact that
serums reacting with organisms other
than P. pseudotuberculosis failed to
cross-react with P. pestis is a further
indication of the specific nature of the
antibodies involved. The possibilities that
the precipitin bands may have been due
to nonspecific reactions between anti-
gens and serum lysozyme was ruled out
by testing the antigens against lysozyme
by the method of Leonard and Thorne
(10); the results were negative.

Our detection in fish of antibodies to
the bacteria that cause human pseudo-
tuberculosis, paratyphoid fever, bacil-
lary dysentery, and a variety of chronic
infections is especially ominous since
the fish were caught in waters most
likely to be contaminated by such
bacteria. It is possible that the anti-
bodies were produced in response to
infections with bacteria other than those
tested, but the close antigenic relations
with the human pathogens in question
make it likely that the organisms re-
sponsible were potentially dangerous to
man. In any case, the possibility that
fish may become active vectors of

human disease, as a result of their
infection with pathogenic bacteria in
contaminated water, deserves much
more attention and study.
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Phenol Oxidases of a Lozenge Mutant of Drosophila

Abstract. Monophenol oxidase (or tyrosinase-A,) activity appears to be absent
from extracts from pupae of homozygous lozenge-glossy (1z8/1z8) females and
(1z8/ 8) males of Drosophila melanogaster. Diphenol oxidase (tyrosinase-A,) ac-
tivity is less in the mutant extracts than in extracts of wild-type Oregon-R pupae

of the same age and sex.

Monophenol oxidase (tyrosinase-A,),
oxidizes tyrosine to 3,4-dihydroxyphen-
ylalanine (dopa) in one of the reactions
related to tanning and hardening of the
cuticle of the blowfly Calliphora erythro-
cephala (I). In addition, both mono-
phenol oxidase and diphenol oxidase
(tyrosinase-A,) have been shown in
Drosophila melanogaster to be able to
oxidize dopa to dopa quinone, which
spontaneously polymerizes to the pig-
ment melanin (2). Our search for the
biochemical aberrations in lozenge
pseudoallelic mutants of D. melano-
gaster has demonstrated that the lozenge-

glossy Iz7 (g) has no tyrosinase-A; ac-
tivity and reduced tyrosinase-A, activity
as tested by either acrylamide-gel elec-
trophoresis or an enzyme assay.
Lozenge-glossy is one of more than
20 known lozenge mutants characterized
by less-than-normal development of
eyes, female accessory sex organs, claws,
and other ectodermally derived organs.
The mutant phenotype results from the
pleiotropic expression of a gene located
at the extreme right locus of four
pseudoallelic loci 27.7 map units from
the left end of the X-chromosome of
D. melanogaster. Phenotypically,
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