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ABSTRACT

Acid-fast intranuclear inclusion bodies were found in the cells
of the proximal convoluted tubules of the kidneys of mallards fed
one, two, three or eight number 6 lead shot and maintained on cracked

or whole corn and on grain-duck pellet diets.

No acid-fast inclusion

bodies were found in mallards fed one or three lead shot but main-

tained on a duck pellet ration.

Dietary factors may be responsible

for the failure of mallards fed a duck pellet ration to develop lead
inclusion bodies when treated with one or three lead shot. The authors
suggest these inclusion bodies can be used as presumptive evidence

for lead intoxication in mallards.

INTRODUCTION

In 1936 Blackman, working on
human cases of lead poisoning,
gave a description of the oceur-
rence of intranuelear inclusion
bodies in the livers and kidneys of
individuals who had succumbed to
lead intoxication. Waechstein
(1949) called attention to the acid-
fast staining properties of the in-
tranuclear inclusion bodies of the
kidney tubules associated with lead
intoxication.

This paper reports the oceur-
rence of similar acid-fast intranu-
clear inclusion bodies in the kid-
neys of mallards (Anas platyrhyn-
chos) fed lead shot.

Although lead poisoning in wa-
terfowl following the ingestion of
lead shot has been known in North
America since 1894 (Grinnell,
1894) and waterfowl losses attrib-
uted to this cause have been re-
ported from many states (Anon.,
1965), little work has been done
to establish laboratory criteria for

the diagnosis of this condition
other than chemieal determination
of the lead content of various or-
gans. Coburn, et al. (1951) re-
ported the occurrence of anemia
in ducks fed lead acetate, and
Magath in 1931 briefly reported
on the histopathological aspects of
naturally occurring lead poisoning
in ducks in Minnesota following
their ingestion of shot. More re-
cently Trairer and his co-workers
at the University of Wisconsin
have reported on certain aspects of
histopathology of lead poisoning in
swans (Olor columbianus) (Train-
er and Hunt, 1965) and in Canada
geese (Branta canadensis) (Cook
and Trainer, 1966). None of these
workers reported the presence of
the intranuclear inclusion bodies
frequently seen in mammals suf-
fering from lead intoxication.

MATERIALS AND METHODS

Number 6 lead shot was obtained
from commercially available shot-
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gun shells and fed to adult male
and female mallards according to
the dosage schedule shown in Table
1. Shot were placed directly into
the gizzard by using plastic tub-
ing. Ducks were maintained on
various diets according to the de-
mands of each experiment, and
killed at specified intervals or held
until death. Control mallards were
maintained on a cracked corn diet
and killed after ten days (Table
1). Additional kidney material
from mallards, snow geese, and a
domestic pigeon dying from causes
other than lead poisoning was also
examined for the presence of acid-
fast intranuclear inclusion bodies
and none was found. Tissues were
collected for both histopathological
study and chemical analysis. Sec-
tions for microscopic study were
fixed in neutral buffered 109, for-
malin (49, formaldehyde), embed-
ded in paraffin, sectioned and
stained with hematoxylin and
eosin or with the Ziehl-Neelson
acid-fast technique (Anon., 1957).
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RESULTS

The results of the examination
of the sectioned kidneys from sev-
eral mallards that were stained
with the Ziehl-Neelson technique
are shown in Table 1. Acid-fast
intranuclear inclusion bodies were
found in the proximal convoluted
tubules in both male and female
mallards fed one, two, three, or
eight lead shot (Fig. 1).

Sections of kidney from a male
mallard (L-44) fed two number 6
shot and maintained on a diet of
whole corn with sand as a source
of grit contained numerous intra-
nuclear inclusions in the cells of
the proximal conveluted tubules,
and the following description of
the inclusion bodies is based on
material from this duck. The in-
clusion bodies were pale yellowish-
pink when stained with hematoxy-
lin and eosion and exhibited a
metallic sheen. Nuclear membrane
of affected cells stained darker
with hematoxylin and the nucle-

TABLE 1. Occurrence of Acid-Fast Inclusion Bodies in Mallard Kidney Tissue,

No. Acid- Length
Lead Died Fast of
No. Ducks Shot or Lead in Inclu- Test
Tested Sex Given KilledLiver ppm sion (Days) Diet
5 M 8 4K 43 - 55 + 10 Cracked corn
1D 76 Cracked corn
5 M 0 K 0.7-0.9 0! 10 Cracked corn
4 F 8 2K 20 - 54 + 6-8 Cracked corn
2D 39 - 71
4 F 1 K 22 . 27 + 7-8 Cracked corn
4 M 3 D 162 + 14 - 16 Mixed grains &
2 F 3 D * + 14 - 16 pellets
3 (306,313,316) M 3 K -5 0! 60 Duck pellet
2 (326,328) M 1 K -1 0! 60 Duck pellet
1 (L-44) M 2 K * + 60 Whole corn

Following "examination with low (100X), high dri

(500X), 100 consecutive

fields were examined with oil immersion lens (900X) without finding any in-

clusion bodies.

!Lead content in the liver was determined for only one of these four ducks.

*Lead analysis not available.
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FIGURE 1. Acid-fast intranuclear in-
clusion bodies (arrows) in renal
tudbule cells, Mallard L-44.
(X125).

olus was frequently scen near the
nuclear membrane. Many of the
affected cells were enlarged.

When stained with the Ziehl-
Neelson technique these intranu-
clear inclusion bodies were reddish
violet to scarlet in color (depend-
ing on the freshness of the stain),
homogenous, and varied in size
and shape, ranging from small dis-
crete spheres 1-3 miecrons in di-
ameter to irregular bands, 10x6
micron. Two, three, or at times
four, inclusion bodies were found
in a single nucleus and in some
nuelei these appeared to have fused
to form large hand-like or cireular
inclusions up to 9-10 microns in di-
ameter or length (Fig. 2). The in-
clusion hody would then occupy
almost the entire nucleus, emar-
ginating the chromatin and the
nucleolus. Such nuelei were often
greatly enlarged, e.g., one meas-
ured 19.2x9.6 microns, whereas
normal unaffected nueclei were 8x6
microns in size.

In all the mallard drakes and
hens fed eight lead shot, but ex-
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amined 8-10 days after post treat-
ment, the inclusion bodies were
usually smaller than those de-
seribed above. In ducks dying 14-
16 days after being fed three lead
shot, the inelusion bodies were
similar in size to those seen in L-
44. The four mallard hens fed one
lead shot remained normal for 7
or 8 days and were then sacrificed.
Inclusion bodies in three of these
hens were usually extremely small,
often 1-3 microns in diameter and
frequently very few, and were lo-
cated only after prolonged exam-
ination with the oil immersion
lens. In the fourth hen, many
small inclusion bodies were pres-
ent, and they were quite readily
found with the oil immersion lens.

DISCUSSION

The number of acid-fast inclu-
sion bodies apparently varies with
the dosage of lead, the length of
time the birds are exposed to the

FIGURE 2. Acid-fast intranuclear in-

clusion body
tudule
(X500).

(arrow) in renal
cell, Mallard L-44.
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lead shot, and perhaps with eertain
dietary factors. Mallard L-44, fed
whole corn, had 1145 affeeted nu-
clei in 100 consecutive oil immer-
sion fields (900X). Many of these
inclusion bodies in 1.-44 were vis-
ible with the low power lens
(100X), while in the female mal-
lards given one shot and main-
tained on whole corn for 1 week
the inclusions were quite small and
frequently were found only after
prolonged searching with the oil
immersion lens.

Four drakes and two hens fed
three lead shot and maintained on
a mixed grain and duck pellet diet
succumbed to lead poisoning and
were found to have typical acid-
fast ineclusion bodies. However,
three drakes fed three lead shot,
and two fed one lead shot, but
maintained on a duek pellet ration
remained healthy and had no acid-
fast inelusion bodies at necropsy.

Time since dosage is another
factor that determines whether
acid-fast inclusion bodies are pres-
ent in the kidney at the time of
necropsy, for the cellular pathol-
ogy duc to lead poisoning may dis-
appear when the animal is re-
turned to a lead-free diet (Haas,
et al, 1964). As ducks frequently
will expel ingested lecad shot, this
could explain the lack of acid-fast
inclusions in some of our ducks
(306-328 in Table 1). Although
ducks 306, 313, and 316 were giv-
en three lead shot, no shot was
recovered at necropsy.

Perhaps dietary factors are the
reason that the ducks maintained
on a duck pellet ration did not
have the acid-fast inclusions. Jor-
dan and Bellrose (1951) have
shown that diet is a eritical factor
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in determining whether a mallard
will develop toxic signs of lead
poisoning. Certain green feeds
such as coontail (Ceratophyllum
demersum) will prevent the de-
velopment of signs of lead intoxi-
cation in mallards fed levels of
lead shot which will kill birds
maintained on ecracked or whole
corn. The commercial duck pellets
would be considered as an optimal
diet.

Presence of acid fast intranu-
clear inclusion bodies in the cells
lining Ilenle’s loop and the proxi-
mal convoluted tubules of the kid-
ney is regarded as being very
strong evidence of lead intoxica-
tion in man (Blackman, 1936;
Haas, ct al, 1964; Wachstein,
1949) ; only bismuth produces sim-
ilar inclusions, and these have
slightly different vefractile and
staining properties.

Too frequently in the past, di-
agnosis of lead poisoning in water-
fowl were based solely on field
evidenee without any laboratory
support. The authors suggest that,
when lead poisoning is suspected
among waterfowl, kidney tissue be
examined for the presencc of acid-
fast intranuclear inclusion bodies,
and if found, that they should be
regarded as strong presumptive
evidence of lead exposure. A\ pre-
sumptive diagnosis of lead poison-
ing can then be made prior to ob-
taining the definitive results from
chemical analysis. Whenever these
acid-fast intranuclear inclusion
bodies are found in the kidney tis-
sues of waterfowl, the concentra-
tion of lead in the liver, brain, and
tibia should be determined for con-
firmative evidence of lead poison-
ing.
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