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ABSTRACT 

This project included (a) experiments to define the gross, 

microscopic and hematologic changes associated with lead poisoning 

in 5 and 18-week-old mallard ducks, (b) experiments to define the 

gross and histologic changes associated with Pasteurella multocida 

(P-19781-2) infection (avian cholera) in mallard ducks, (c) experiments 

to study possible interaction between ingested lead, lead-iron and 

iron shot and P. multocida infection in mallard ducks and (d) an 

experiment to determine the effect of various concentrations of lead, 

as lead acetate, on the in vitro growth of f. multocida on blood agar 

culture plates. 

Young mallards were less vulnerable to the eff~cts of lead than 

were older mallards·. Birds fed whole mixed grain had increased 

mortality and a higher prevalence of lesions than did ducks fed a 

commercial ration. The retention of pellets in the gizzard of 18-

week-old mallards was greater than was shot retention in 5-week-old 

birds, but no difference was observed in the dissolution rate of shot 

between the two age groups. The dissolution rate of lead pellets 

approximated 6.7 mg/pellet/day. Blood lead concentrations in lead and 

lead-iron dosed ducks peaked at approximately day 9 post-dosing and 

then declined. Blood lead concentrations in the ducks were several 

times higher than those reported in lead-poisoned mammals, but the 

soft tissue lead retention in the birds was comparable to soft tissue 

lead retention in mammals. Demyelinating peripheral neuropathy and 

focal encephalopathy were observed in lead-dosed mallards that were 
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in good body condition, not anemic and feeding normally. 

Inoculation with Pasteurella multocida (P-19781-2) produced 

septicemia in mallards that died acutely and chronic localized lesions 

in surviving birds. P. multocida could be cultured from localized 

lesions which supported the concept of a 11 carrier 11 state. A dose

time-mortality response was observed in P. multocida infection trials. 

None of the shot types tested increased the susceptibility of 

mallard ducks to P. multocida. Shot types containing lead had a 

protective effect against infection that appeared related to blood 

lead concentration. .!.!l vitro experiments showed that lead, at 

concentrations equivalent to the blood lead concentrations in lead

poisoned birds, inhibited growth of f. multocida on blood agar plates. 

A similar bacteriostatic action of lead was postulated to explain 

the in vivo results. Birds pre~dosed with lead shot had histologic 

evidence of degenerative changes in lymphoid tissue, spleen and bursa 

of Fabricius. The possible significance of these morphological 

changes was discussed. 
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1.0 INTRODUCTION 

Poisoning by ingested lead shot is one of the most serious diseases 

of waterfowl in North America {Bellrose, 1959}, Britain {Olney, 1960} 

and Italy {Del Bono and Braca, 1973). Bellrose (1959) estimated that 

from 1 to 2 mi 11 ion ducks and 2 to 3% of a·ll geese and swans die in 

North America each year from ingesting lead shot. Thomas (1975) reported 

lead poisoning mortality of 5% in waterfowl populations of Ouse Washes, 

England. 

Bellrose (1959} estimated that another 6.5% of apparently normal 

birds carry lead either in their digestive tract or in other body 

tissues. A survey in England (Thomas, 1975) reported the prevalence 

of ingested pellets in various species to range from 2% in Northern 

shoveler .(Anas clypeata) to 10% in pintail (Anas acuta). Dieter 

et !]_. (1976) found that the activity of delta-amino levulinic acid 

dehydratase, (an enzyme known to be specifically inhibited by lead)., 

was significantly reduced in 17% of blood samples collected from 

canvasback ducks (Aythya valisineria), suggesting that the prevalence 

of lead exposure in this species was substantially higher than past 

estimates had indicated. 

Lead is an environmental pollutant for which there is no definable 

biologic requirement. Lead is not biodegradable and can accumulate 

within an organism where it presents a biological hazard directly 

proportional to the concentration within tissues. In most animal 

species lead exerts its toxic effects on several target organs including 

the nervous, urinary, and hematopoietic systems. 
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The increasing awareness of lead poisoning in waterfowl has 

resulted in research to develop a nontoxic, economically feasible, 

ballistically efficient, alternate shot. The shot-types being 

seriously considered at the present time consist of some form of 

iron or a combination of lead and iron (lrby et ~., 1967; Grandy 

et .!}_., 1968; Irwin et .!}_., 1974). 

Lead and iron are known to interfere with resistance to infectious 

disease through alteration of the immune response. Lead interferes 

with resistance to infection and can fncrease mortality by one or more 

of the following mechanisms: 

(1) impairment of phagocytosis (Rakkimova, 1968; Trejo 

et ~· , 1972; Hemp hi 1, 1973). 

(2) interference with interferon production (Gainer, 1974). 

(3) depressed immunoglobulin production (Koller, 1973; 

Hemphil et ~-, 1973; Koller and Kovacic, 1974). 

(4) impaired endotoxin detoxification (Selye et ~., 1966; 

Trejo et !}_., 1972). 

Iron increases mortality due to certain infectious agents by one or 

more of: 

(1) interference with the protective action of immunoglobulins 

(Bullen et .!}_., 1967; 1968; Bullen and Rogers, 1969; 

Wake et ~-, l972). 

(2) enhancement of bacterial growth and pathogenicity (Jackson 

and Burrows, 1956; Jackson and Morris, .1961; Martin et !}_., 

196.3; Sword, 1966) . 

Ingestion of lead, lead-iron or iron pellets might influence the 
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resistance of waterfowl to infectious diseases, even if the amount 

of these metals absorbed was insufficient to produce direct clinical 

toxicosis. 

Avian cholera, caused by the Gram-negative bacterium Pasteurella 

multocida, is the most important infectious disease of wild waterfowl. 

It has occurred in outbreak form in all major continental flyways and 

is enzootic in areas of California and Texas. Avian cholera is considered 

a stress-related disease and any stressor or factor which interferes 

with normal resistance to infection might precipitate the disease. 

This study was undertaken to examine the effects of sub-lethal 

exposure to lead and iron, obtained from ingested shotgun pellets, 

on the course of experimentally induced avian cholera in mallard ducks 

(Anas platyrhynchos). The research was done in three phases. The 

objective of each phase ~as as follows: 

phase 1. to define the pathological effect of the various 

shot types. 

phase 2. 

phase 3. 

to define the effect of P. multocida. 

to study the combined effects of the various shot 

types and f. multocida. 
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2.0 LEAD INTOXICATION OF WATERFOWL 

2.1 Literature review 

2.1.1 History of lead poisoning in waterfowl 

Exposure to lead in man and most domestic specie-s is usually 

through accidental ingestion of lead-containing materials (Smith et 

~., 1976; Blakely and Brockman, 1976; Hughes et ~., 1976; Kowalczyk, 

1976) or through exposure to increased lead levels in the ambient air 

(Hammond and Aronson, 1964; Schmitt et ~-, 1971; Ouw and Bi sby, 1976). 

The situation affecting waterfowl is somewhat unique in that lead 

poisoning is a bi-product of a recreational pastime. Each year an 

estimated 6,096 tonnes of lead shot (Andrews and Longcore, 1969) are 

deposited by hunters into waterfowl habitat in North America. Bellrose 

(1964) estimated that more than 1,400 pellets may be deposited into 

the environment per duck actually shot. 

Aside from direct hunting mortality and crippling injuries, 

waterfowl may ingest spent lead shot from the bottoms of ponds resulting 

in either chronic or acute lead intoxication, depending upon the number 

of pellets consumed. 

Reports of lead intoxication in waterfowl date back over 100 years. 

Phillips and Liricoln (1930) described lead poisoning as having occurred 

in ducks as early as 1874. Grinnell (1901) reported that lead intoxication 

of whistling swans (Olor columbianus) and Canada geese (Branta· canadensis) 

occurred in 1893. Mortality in waterfowl due to lead poisoning was 

reported sporadically throughout the first third of the century 
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(Grinnell, 1901; Bowles, 1908; McAtee, 1908; Wetmore, 1919; Phillips 

and Lincoln, 1930). Bowles (1908) predicted that lead poisoning would 

present a serious problem for future waterfowl populations. 

Lead poisoning in waterfowl occurs sporadically, but outbreaks 

have been recognized; the earliest such outbreak involved canvasbacks 

on Lake Surprise, Texas (r~cAtee, 1908). Phillips and Lincoln (1930) 

described die-offs of lesser scaup (Aythya affinis)in Indiana (1922), 

Oregon (1924) and Michigan (1928). Epi:ornitics involving .. thousands 

of ducks .. occurred in 1925 in Louisiana and Arkansas (Phillips and 

L i nco 1 n, 1930). 

A greater awareness of the lead poisoning problem evolved after 

the second World War. Jordan and Bellrose (1951) and Bellrose (1959) 

estimated that 4% of mallard ducks and 2 to 3% of other waterfowl died 

from lead poisoning annually. Bellrose (1964) reported that lead 

poisoning was endemic throughout the Mississippi flyway, particularly 

in the states of Louisiana, Illinois, Missouri, Indiana, Arkansas, 

Michigan, Ohio, and Wisconsin. California (Rosen and Bankowski, 1960) 

and Oregon (Trainer, 1965) were also problem areas.· The Mississippi 

Flyway Council (1965) cited suspect lead poisoning outbreaks in ducks 

and Canada geese throughout the.Atlantic flyway. Bagley and Locke 

(1967a) reported that lead poisoning was a recurring problem among 

wintering flocks of Canada geese all along the mid-Atlantic coast. 

Whistling swan mortality due to lead poisoning was recorded in 

Michigan, North Carolina, Utah (Bellrose, 1959), Wisconsin (Trainer 

and Hunt, 1965), California (Rosen and Bankowski, 1960) and southern 

Ontario (Irwin, 1975). 
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The prevalence of apparently normal birds having ingested pellets 

was highest in dabbling species, (approaching 10% in mallards and 

pintails), in both Britain (Thomas, 1975) and Illinois (Bellrose, 

1959). A separate survey in Oregon (Trainer, 1965) reported a 40% 

prevalence of shot ingestion among mallards and pintails. The 

prevalence in diving ducks was negligible in Britain (Thomas, 1975) 

but Bellrose (1959) reported that 13.1% of North American redheads 

(Aythya americana) and lesser scaup carried lead pellets in their 

gizzards. The results of these studies included only birds that had 

recognizable pellets within the gizzard at the time of the survey but 

did not include birds whith might have passed pellets or recovered from 

an earlier lead poisoning episode. 

Delta-aminolevulinic acid dehydratase (ALA-D), an enzyme specifically 

inhibited by lead, is a sensitive measure of lead exposure in birds 

(Finley et ~·, 1976b). Dieter et ~· -(1976) found markedly reduced

ALA-D levels in 17% of blood samples obtained from canvasback ducks. 

Bagley and Locke (1967b) reported elevated concentrations of lead in 

liver and wing bones of 17 species of ducks and 11 other types of birds. 

These findings suggest that exposure to lead is much more common in 

waterfowl than previous estimates based on the presence of lead pellets 

in the gizzard had indicated. 

2.1.2 Reported species involvement 

The heaviest deposition of lead shot in the enVironment occurs over 

marsh areas, and waterfowl receive the greatest exposure and are the 

most commonly poisoned avian species. However, many avian species are 

susceptible and lead poisoning has been reported in pheasants (Phasianus 
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colchicus), (Hunter and Rosen, 1965); quail (Callipepla squamata)-, 

(Campbell, 1950); mourning doves (Zenaidura macroura), (Lewis and 

Legler, 1968; Locke and Bagley, 1967a); an Andean condor (Vultur 

gryphus), (Locke, 1969); a guinea hen (Numida meleagris), (Hunter and 

Haigh, 1978); a prairie falcon (Falco mexicanus), (Benson et ~., 1974); 

as well as in a wide range of shore birds such as snipe (Ga1linago 

ga11inago), avocets (Recurvivostra·avosetta), (Thomas, 1975); and 

American coots (Fulica americana), (Anderson, 1975). 

2.1.3 Factors influencing pellet availability 

2.1.3.1 Hunter activity 

Lead poisoning occurs most often in established hunting areas 

where the number of hunters is la~ge and the volume of shot deposited 

is heavy. 

2. 1.3.2 Feeding behavior 

Bottom-feeding species such as the mallard and pintail inhabit 

an ecological niche providing the greatest access to lead shot. These 

dabbling species filter through the substrate and feed on roots of water 

plants and sedimented seeds. This results in more exposure to pellets 

than occurs in species such as the gadwall (Anas strepera) which feeds 

on stem and leaf material (Johnsgaard, 1975). Birds feeding on green 

foliage and plant material require less grit than do species feeding 

primarily on seeds, and consequently ~onsume less particulate material 

(Bellrose, 1964). Some ·of the smaller waterfowl such as teal tend to 

avoid large bodies of water and feed in small, shallow ponds (Johnsgaard, 

1975) where less lead shot accumulates. The low prevalence of lead 
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related mortality in the Northern Shoveler may reflect the surface feeding 

behavior of this species (McKinney, 1970). 

2.1.3.3 Composition of the pond bottom 

The hardness and composition of the pond bottom determines the length 

of time that pellets will be available to the birds. Bellrose (1959) 

studied a number of ponds and found that the pellet sedimentation rate was 

directly proportional to the softness of the bottom and the size of the shot. 

Lake Puckaway, Wisconsin, a lake with a hard sand and gravel base had 

118,048 pellets per acre; whereas the Horicon Marsh, pe~haps the most 

heavily hunted marsh in Wisconsin, yielded only 3,800 pellets per acre, 

, presumably because of its deep peat and soft muck bottom (Bellrose, 

1964). 

2.1.3.4 Weather conditions 

Local weather conditions influence the prevalence of lead poisoning. 

Periods of drought and decreased water levels expose shot covered previously 

by deeper water. A lead poisoning die-off in Arkansas was exacerbated by 

drought conditions and low water levels (Phillips and Lincoln, 19.30}. 

An outbreak in Illinois may have been precipitated by a period of drought 

that dried and compacted the lake bottom (Anderson, 1975). When the lake 

reflooded, the bottom soil was unusually firm and pellets were unable to 

sediment. Trainer and Hunt (1965} reported that major goose losses due 

to lead poisoning in Wisconsin coincided with years of unusually low water 

levels. 

2.1.3.5 Seasonal prevalence 

Lead poisoning episodes are usually associated with migratory 

activity, either in spring or late fall. Die-offs in the fall and early 
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winter are most common, w_i th southward migrants ingesting pe 11 ets 

deposited during the previous hunting season. Spring die-offs have 

been recorded (Trainer and Hunt, 1965; Anderson, 1975; Irwin, 1975), 

and usually occurred on firm-bottomed ponds in which pellets deposited 

the previous fall were available for early spring migrants. 

The time of year and the length of the hunting season can be major 

factors in the epizootiology of the disease. Fall hunter activity may 

be great enough to deter migrating birds from utilizing heavily shot

over areas. However, if the hunting season was held earlier in the 

year than normal or if it was shorter than usual, these heavily con

taminated areas were available to late migrating populations (Trainer 

and Hunt, 1965). 

2.1.4 Factors influencing lead retention 

2.1.4.1 Pellet erosion 

The dissolution rate of lead in the gizzard was found to depend 

on the pH and grinding action of the gizzard and was not affected by 

the concentration of the gastric enzyme, pepsin (Kimball and Munir, 

1971). The grinding action of the gizzard prevented accumulation of 

corrosion products on the pellets rather than mechanically participating 

in their degradation. 

Cook and Trainer (1966) found that the most rapid dissolution of 

pellets in Canada geese occurred during the first 5 days after ingestion 

and that erosion was complete by 35-50 days. Finley et !]_. (1976a) 

reported that 96% pellet dissolution occurred within 28 days post

dosing in mallard ducks. Clemens et ~· (1975) found that changes 
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in the fiber content of the diet caused slight variations in erosion 

rates over a 21 day trial period, but that once pellets were ingested, 

lead was available for intestinal absorption for a period of at ~east 

3 weeks. Kimball and Munir (1971) estimated the average rate of 

dissolution of one commercial No. 4 lead pellet to be 5 mg/day. 

2.1.4.2 Diet 

The absorption of lead from the gastro-intestinal tract of 

mammals is usually low (1-2% of the amount ingested). The Task Group 

on Metal Accumulation (1973) reported that gastrointestinal absorption 

in adult human beings ranged from 5-15%. Weatherhill et ~- (1974) 

reported the absorption of dietary lead in non-fasting humans ranged 

from 6-14% of the original oral dose but reached 50% under conditions 

of food restrictton. 

Lead absorption has not been studied in waterfowl; however, the 

survival of lead poisoned ducks was found to be dependent directly on 

the volume of food consumed (Bellrose, 1964; Jordan, 1968). During 

fall and winter experimental drake mallards ate 15% more food than did 

hens and had a 50% better survival rate. In contrast, during spring, 

egg-laytng females consumed 17% more food than did the drakes and had 

a 50% better survival rate. Bellrose (1964) and Jordan (1968) observed 

that mortality of juveniles was significantly lower than was mortality 

in adult birds, presumably due to greater food consumption by juveniles. 

The retention of lead is influenced by the dietary availability of 

other elements. Lead retention was enhanced in animal fed diets 

deficient in magnesium (Fine et ~., 1976), iron (Six and Goyer, 1972; 

Irwin, 1975; Klauder and Petering, 1975), phosphorous (Shelling, 1932; 
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Grant et ~., 1938; Quartman et ~., 1975), copper (Klauder and 

Petering, 1975), Vitamin E (Levander et ~., 1975) and calcium (Shields 

and Mitchell, 1941; Six and Goyer, 1970). Diets containing excess 

amounts of calcium resulted in decreased retention of lead in blood 

and bone (Hsu et ~., 1975). Shields et ~· (1939) increased soft 

tissue and blood lead concentrations by increasing the content of 

Vitamin D in the diet. Six and Goyer (1970) demonstrated that a 

low-calcium diet enhanced clinical lead poisoning by increasing lead 

retention and by indirectly stimulating. parathormone release which 

kept lead in the serum and prevented lead deposition in bone. The 

mechanism of parathormone action on lead was similar to the action on 

calcium (Waldron and Stofen, 1974). 

Corn is the main crop grown throughout much of the southern 

Atlantic and Mississippi flyways. Corn comprised 47.3% of the total 

volume of food consumed by mallards in Illinois and experimentally, 

mallards preferred corn to other grains (Jordan and Bellrose, 1951; 

Jordan, 1968). Waterfowl fed only corn. are very susceptible to lead 

poisoning. Jordan (1968) challenged ducks fed a series of corn-based 

diets supplemented with single essential constituents. Supplementation 

with calcium carbonate and phosphorous did not alter mortality, but 

ascorbic acid had a protective effect. Mortality decreased when corn 

was supplemented with natural green leafy food such as sago pondweed 

(Potamogeton pectinatus). 

2. 1.5 Tissue distribution of lead 

Once absorbed, 95% of lead binds to red blood cells and most of 

the remainder is bound to plasma proteins (Waldron and Stofen, 1974). 
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Only a small portion is in the free, ionized form. The lead bound to 

erythrocytes is in dynamic equilibrium with that in plasma. Lead binds 

to lipids and lipoproteins within the red cell membrane depending on 

the availability of sulfhydral groups (Waldron and Stoferi, 1974}. 

Absorbed dietary lead passes to the liver where a portion is taken 

up by hepatocytes. Lead may be returned to the intestine via bile or 

nay be carried in the blood, excreted in the urine or deposited in soft 

tissues (Willoughby et ~-, 1972}. Lead appeared in cells of liver and 

kidney within 1 hr after intravenous injection (Waldron and Stofen, 

1974}, and by 24 hr significant concentrations of lead were found in 

<idneys and liver and appreciable levels were already present in bone 

(Roschin, 1976). 

Lead has the ability to accumulate within bones. Stowe et al. --
:1973) found that 97% of the total body lead accumulated in the 

;keleton. Of the remainder, 90% was located in the liver and kidneys. 

Jilloughby et ~- (1972) demonstrated that lead concentrations were 

1reater in active epiphyseal areas of bone than in diaphyseal areas. 

"he concentration of lead in bone is a poor indicator of acute exposure 

1ut provides the best estimate of total body burden (Albert et ~., 1974). 

~lbert et !l· (1974) found the concentration of lead in the dentine of 

ieciduous teeth of baboons and humans to be a good estimate of past 

~xposure. Lead concentration in hair reflects long tenn exposure but 

s an unreliable estimate of body burden because of the possibility 

f external contamination. 

2.1.6 Toxic concentrations in tissues 

Blood lead concentration is the best indicator of acute exposure. 

lead concentration of 36 ug/100 ml of blood is considered the upper 
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limit of normalcy in children (Moncrieff et !}__., 1964; Barltrop, 1968) 

and concentrations above this value are considered suggestive of 

excessive recent exposure. 

Normal blood lead concentrations in waterfowl are similar to 

those found in other species, for example, concentrations in Canada 

geese ranged from 18-37 ug lead/100 ml of blood (Cook and Trainer, 

1966) and concentrations of 7-20 ug 1ead/l00 ml of blood were found 

in mallard ducks (Finley et !}__., 1976b). However, experimentally 

lead-poisoned waterfowl have very high blood lead concentrations. 

Cook and Trainer (1966) reported 480 ug lead/100 ml of blood in 

Canada geese, without·clinical evidence of lead poisoning. Del Bono 

and Braca (1973} reported ciinical signs and eventual mortality in 

mallard ducks with lead concentrations of 700 ug/100 ml of blood. 

Lead toxicity is related to the level of diffusible lead and 

lead content of soft tissues and not to the blood or total body 

content of lead. Blood lead may not reflect the extent of biochemical 

injury resulting at the· subcellular level, and the blood lead con

centration does not accurately reflect the concentration of lead in 

soft tissue (Singerman, 1976}. 

Liver and kidney are generally used to determine toxic levels of 

lead as tissue concentrations probably relate closely to the patho

logical effect in these organs. Tissue lead concentrations that 

constitute a diagnostic level for lead poisoning are not well ~stablished 

in waterfowl. Bagley and Locke (1967b) found an average of 0.9 ppm 

lead in the liver of normal wild mallards. Bates et ~· (1968} 

reported concentrations of 20-60 ppm lead in the liver of lead poisoned 
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mallards. Coburn et !!_. (1951) considered 12-36 ppm of lead in 1 iver 

to be diagnostic for lead poisoning in mallards. Cook and Trainer 

(1966) diagnosed lead poisoning in Canada geese with liver lead 

concentrations between 5 and 32 ppm. Whistling swans dying of lead 

poisoning had 18-37 ppm lead in liver (Trainer and Hunt, 1965). 

2.1.7 Clinical manifestations of lead poisoning 

Lead poisoning has a wide range of clinical manifestations 

depending on the species involved, dose, duration and route of lead 

exposure. Chisolm (197la) reviewed the clinical symptomatology 

expected with various lead concentrations in the blood and urine of 

man. Clinical signs in lead poisoned dogs included colic, vomiting, 

hysteria and convulsions (Stowe et ~., 1973; Robertson, 1976; 

Zook, 1976). Acutely inioxicated cattle may have abdominal pain or 

severe nervous signs (Blood and Henderson, 1968; Christian and 

Tryphonas, 1971). 

Lead intoxicated waterfowl have muscular weakness, inappetance 

and green diarrhea. Birds may occasionally develop signs suggestive of 

nervous dysfunction such as ataxia and opisthotonus (Coburn et ~., 

1951; Clemens et ~., 1975). Cephalic edema was reported in Canada 

geese (Cook and Trainer, 1966; Bagley and Locke, 1967a; Karstad, 1971), 

and mourning doves (Locke and Bagley, 1967a). Benson et ~- {1974) 

described locomotor problems in a lead-poisoned prairie falcon. Muscular 

atrophy has been related to inappetance and starvation (Cook and 

Trainer, 1966). Clemens et !l· (1975) suggested that muscular atrophy 

was due directly to toxic effects of lead on muscle cells, but Hunter 

and Haigh (1978) speculated that muscular atrophy, weakness and 
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proventri~ular impaction may be neurogenic in origin. 

2.1.8 Pathology of lead poisoning 

2~1.8.1 Pathogenesis of lead-induced cellular injury 

The pathological effects of lead are evident in the hematopoietic, 

renal and nervous systems. Secondary effects have been observed in 

bone, liver, the reproductive.system and occasionally in lymphoid 

organs. The basis for pathological changes appears to be through 

inhibition of enzymes in basic respiratory biochemical pathways. 

Lead binds strongly to mitochondria (Waldron and Stofen, 1974). 

Watrach (1964) found swelling of mitochondria and ul tra-structura 1 changes 

in mitochondrial membranes of hepatocytes in swine fed a diet containing 

lead acetate. Because the entire mechanism of oxidative phosphorylation 

was located on these membranes he suspected that the structural changes 

would result in severe impairment or cessation of funct.ion of the 

mitochondria. Goyer (1968) described swollen,. distorted mitochondria 

in the epithelium of proximal renal tubules of rats fed lead acetate. 

The mitochondrial cristae were shortened and reduced in number, and 

outer membranes were ruptured, with mitochondrial fragments located 

within autophagosomes. These changes reflected severe impairment of 

the metabolic activity of the mitochondria. Goyer (197lb) compared 

respiratory ratios of isolated mitochondria using either pyruvate or 

succinate as substrate, and reported that lead impaired the function 

of respiratory enzymes in the first portion of the electron transport 

system. Goyer (197la) speculated that the action of lead on mito

chondrial function may relate to the lesions seen in other organ 
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systems, such as the hematopoietic system, where many of the enzymes 

involved in heme synthesis are located within mitochondria of developing 

hematopoietic cells. 

2.1.8.2 Gross pathology 

Gross lesions described in lead poisoned birds are summarized in 

Table 1. Muscular atrophy, particularly of the pectoral muscles, was 

reported consistently. Impaction of the proventriculus was of variable 

occurrence but was seen commonly in Canada geese and whistling swans. 

Cephalic edema and hydropericardium were reported uncommonly in ducks 

but occurred with some regularity in both Canada geese and whistling 

swans. The pathogenesis of these lesions may be related to changes in 

capillary permeability caused by angiopathy andfibrinoid necrosis 

of the media of small arterioles (Karstad, 1971; Sileo et ~·, 1973;· 

Irwin, 1975). The increased severity of gross lesions in geese and 

swans may suggest either an increased susceptibility to the effects of 

lead, or an increased consumption of pellets. Ducks often died with 

nonspecific lesions of muscular atrophy and green bile-stained vents. 

2.1.8.3 Hematopoietic system 

Lead poisoning produces well described hematologic changes including 

variable degrees of anemta, anisocytosis, hypochromia, polychromasia, 

poikilocytosis, and variable numbers of target cells (Zook et ~., 1969; 

Hughes et ~., 1976). Large numbers of nucleated red blood cells and 

bas-ophilic- stippling may be associated with the anemia (Zook et -~., 

1969, 1970) (Table 2). Anemia has been reported in lead-poisoned water

fowl (Coburn et ~- , 1951 ; Bates et ~· , 1968; De 1 Bono and Braca, 

1973) but basophilic stippling was not observed commonly. Lead was 
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TABLE 1. Gross lesions described in lead poisoned birds. 

Bile-
stained 

Myocardial Crop Muscular Cephalic Hydro- Splenic i nte.sti na 1 
Species degeneration impaction atrophy edema pericardium atrophy contents · References 

Canada +a b + Karstad, ( 1971) 
goose + + + + + + Bagley and Locke, ( l967a) · 

+ + + + Cook and Trainer, (1966) 
+ + + + Trainer and Hunt, (1965) 

Whistling Ka r s tad , ( 1 9 71 ) 
swan + + + + Trainer and Hunt, (1965) 

+ + + + + Irwin, (1975) 

Mallard + Karstad, (1971) __, 
......... duck + + + Page and Lynch, (1957) 

+ + Bates et al., (1968) 
+· Del Bono and Braca, (1973) 
+ + Clemens et al., (1975) 
+ + Locke et al~ (1967) 

Black + + Locke and Bagley, (1967b) 
duck 

Lesser + ·Anderson, (197_5) · 
scaup 

Mourning + +· + Locke and Bagley, (1967a) 
dove 

Guinea hen + + + + Hunter and Haigh, (1978) 

a+ gross lesions were described 
bblank gross lesions were not described 



TABLE 2. Lesions described in the hematopoietic system of lead 
poisoned mammals and birds. 

Bone Immature 
Hemolytic marrow Basophilic red 

Species Anemia anemia depression stippling cells References 

Dog + + S tap 1 e s , ( 1 9 55 ) 
+ + Horwitt and Cowgill, (1939) 

+ + + Zook, (1973) 
+· + Zook et al., (1969) 

+ stoweef-al., (1973) 
+ Kowalczyk--, (1976) 

__, Primate + + + Zook et ~· , ( 1973) a:> 
I 

Rat + + + Finner and Calvery, {1939} 

Sheep + + Butler et ~., (1957) 

Goat + Dollahite et ~., (1975) 

Horse + + + + Knight and Bureau, (1973} 

Cattle + + + Christian and Tryphonas, (1971) 

Rabbit + + Roscoe et ~., (1975) 

Pig + + Link and Pensinger, (1966) 

Man + + + Hughes et al., (1971) 
+ + + Morgan et al., (1966) 

Mallard + + + Bates et ~., (1968) 
duck + + + + Del Bono and Braca, (1973} 

+ + Coburn et ~·, (1951) 



thought to produce a hemolytic anemia by binding to the surface of 

erythrocytes and increasing red cell fragility (Molpus, 1958; 

Waldron and Stofen, 1974) and hemolytic anemia has been recognized 

in horses with lead poisoning (Knight and Bureau, 1973). Coburn 

et ~- (1951) described the anemia of lead poisoning in waterfowl as 

a fluctuating anemia characterized by anisocytosis and poikilocytosis, 

with large numbers of tear and dumbell shaped erythrocytes and many 

reticulocytes. Bates et ~- (1968) described lead-induced maturation 

arrest of erythroid elements at the promegaloblastic stage and 

postulated that impaired erythrocyte production and release from the 

marrow was the major cause of the anemia. Del Bono and Braca (1973) 

characterized the lead-induced anemia in waterfowl as being hemolytic 

in acute intoxication and myelotoxic ·if lead exposure was chronic. 

Lead causes subtle biochemical changes in the biosynthesis of 

hemoglobin and can affect several steps in the pathway of heme synthesis 

(Singerman, 1976) with some enzymatic steps being more sensitive to the 

effects of lead than are others. Delta amino levulinic acid dehydratase 

(ALA-D) inhibition is the initial biochemical change resulting from 

elevated blood lead levels (Hernberg et ~., 1970). Lead concentrations 

of 50 ug/100 ml of blood decreased ALA-D activity in human beings 

(Hernberg et ~., 1970). Finley et ~- (1976b) suggested that waterfowl 

were more sensitive .to the biochemical effects of lead than was man. 

These authors reported a 75% reduction in ALA-D activity in canvasback 

ducks with only 20 ug lead/100 mg of blood. Inhibition of ALA-D results 

in increased blood delta-amino levulinic acid (ALA) that is excreted in 

the urine. Urinary ALA has been used as a diagnostic indication of 

- 19 -



lead poisoning in human beings (Waldron and Stofen, 1974}. Urinary 

ALA levels increased in experimentally lead poisoned dogs and cats~ 

but the results were inconclusive in cattle (McSherry et ~., 1971). 

Roscoe et ~- (1975} reported that measurement of urinary ALA 

concentrations was an unreliable test for chronic lead ingestion in 

domestic rabbits. 

Heme synthetase, the enzyme responsible for incorporating iron 

into protoporphyrin IX, is also sensitive to low levels of lead 

(Singerman, 1976). High concentrations of lead inhibit both heme 

synthetase and coproporphyrinogen decarboxylase (Hernberg, 1976). 

The inhibition of heme synthetase results in the incorporation of 

excess protoporphyrin IX into erythrocytes. This abnormal accumulati_on 

of protoporphyrin results in fluorescence of erythrocytes subjected 

to specific wavelengths of ultra-violet light. Fluorescing erythrocytes 

have been used as a diagnostic test for lead poisoning in man (Nelson 

et ~., 1968) and waterfowl (Barrett and Karstad, 1971). A portable 

fluorometer, developed to measure the content of zinc protoporphyrin 

in erythrocytes (Blumberg et ~., 1977) has been used to monitor lead 

exposure fn waterfowl (Roscoe et ~- , 1976). 

2.1.8.4 Renal system 

Renal lesions resulting from lead intoxication have been ~eported 

in human beings, most domestic species and a wide range of avian species 

(Table 3). Renal lesions may be acute or chronic depending on the 

concentration of lead in the kidneys. Lead, unlike cadmium and mercury 

that produce acute necrosis of renal tubular epithelium, usually produces 

more subtle renal lesions. However, acute tubular necrosis has been 
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TABLE 3. Histologic lesions described in the renal system of lead poisoned mammals and birds. 

Chronic 
Tubular Tubular Inclusion Cellular interstitial 

Species nephrosis necrosis bodies casts nephritis References 

Dog + + + + S tap 1 e s , ( 19 55 ) 
+ + Finner and Calvery, (1939) 

+ Zook, (1973) 
+ + + + Stowe et _li., ( 1973) 

Rat + + Finner and Calvery, (1939) 
+ + Goyer, ( 1968) 
+ + Hirsch, (1973) 

Sheep + Butler et al., (1957) 
+ + + + Clegg and Rylands, (1966) 

Primate + + Zook et al., (1973) 
+ Zook et af., ( 1972c) 
+ Sauer et a 1 . , (1970) 

N __, Horse + + + Schmitt et _li., (1971) 
Cattle + Christian and Tryphonas, (1971) 
Pig + Link and Pensinger, (1966) 
Man + + + + Morgan et !l., (1966) 

+ + Chisolm, (1971) 
Canada + + Bagley and locke, ~l967a) 
goose + + Cook and Trainer, 1966) 
Mallard + + Bates et al., (1968) 
duck + + + Del Bono and Braca, (1973) 

+ Clemens et al., (1975) 
+ + Locke et al~ (1967) 

Whistling + Irwin, (1975) 
swan. 
Guinea hen + + + + Hunter and Haigh, (1978) 
Chicken + + + Simpson et !l·, (1970) 
Mourning + Locke and Bagley, (1967a) 
rln\1~ 



reported in dogs (Staples, 1955; Stowe et ~-, 1973), sheep (Butler 

et ~., 1957; Clegg and Ryland, 1966) and various avian species 

(Cook and Trainer, 1966; Locke et ~-, 1967; Simpson et ~-, 1970; 

Irwin, 1975; Hunter and Haigh, 1978). The high prevalence of tubular 

necrosis in birds may reflect the high blood lead concentrations 

attained in these species. Nonspecific granular swelling of tubular 

epithelium has been reported commonly in all species examined. The 

proximal tubules were most often involved. Goyer (1971) speculated 

that transport function abnormalities in this area of the nephron resulted 

from lead-induced impairment of oxidative processes in the mitochondria. 

Impaired reabsorption in the proximal tubules results in amino-aciduria, 

glycosuria and hyperphosphaturia (Goyer, 1968). The excess loss of 

phosphate is of particular importance because hypophosphatemia stimulates 

phosphate mobilization from bones to maintain serum levels. Lead stored 

in bones may be mobilized along with the phosphate, resulting in 

exacerbation of the lead poisoning syndrome (Chisolm, 1971). 

The kidney compensates for excessive lead concentrations in at 

least three ways. There is an increase in excretory mass and tubular 

epithelium turnover rates (Hirsch, 1973) and the formation of inclusion 

bodies which prevent lead from reaching more sensitive cellular 

organelles (Goyer et ~-, 1970a; Goyer et ~-, 1970b; Goyer, 1971). 

Intranuclear inclusion bodies consisting of protein-lead complexes 

(Goyer, 1970b) are recognized in most species (Table 3)-and rats are 

particularly adept at forming these complexes (Goyer et ~., 1970a,b). 

The concentration of lead excreted in urine remains stable over a wide 
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dosage range but the tissue lead content continues to increase due to 

the formation of inclusion bodies. The ability of the renal tubule 

cell to maintain functional integrity depends on its adeptness at 

keeping the cytoplasmic lead concentration below that which results 

in impairment of mitochondrial respiration. 

Intranuclear acid-fast inclusions in proximal tubular epithelium, 

have been used as presumptive evidence of lead poisoning in waterfowl 

(Locke et !l·, 1966), but not all lead poisoned birds develop inclusion 

bodies. Lead-poisoned swans (Trainer and Hunt, 1965; Irwin, 1975} 

and Canada geese (Cook and Trainer, 1966) did not have intranuclear 

inclusions. Locke et ~· (1966, 1967) suggested that the occurence 

of acid-fast inclusion bodies may vary with the dosage of lead, the 

length of exposure and dietary. factors. 

Chronic interstitial nephritis has been reported as a sequela 

to chronic lead poisoning in human beings (Oliver, 1914; Henderson, 

1958; Morgan et ~., 1966) and surveys have shown significant in

creases in the prevalence of nephritis among individuals exposed to 

lead during childhood (Henderson, 1958; Morgan et ~-, 1966). A 

similar survey by Tepper (1963) failed to reveal renal disease in 

human beings who had been treated for acute lead encephalopathy 20 

years previously. Tepper speculated that a single acute episode of 

lead poisoning may not result in a sufficiently high body lead burden 

to produce chronic renal impairment. 

2. 1.8.5 Nervous system 

Lead displays neurotropism in many species (Table 4). Lead 

encephalopathy has been reported in cattle (Little, 1969; Christian 
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Displayed 
clinical Meningeal 

Species signs edema 

Dog + 
+ + 

Cattle + + 

Primate + 
'V + 

\,) + f:::o 
+ 
+ + 

Rat + + 

+ + 

Canada + + 
goose 

Mourning + 
dove 

TABLE 4. Histologic lesions described in the central nervous 
system of lead poisoned mammals and birds. 

Capillary Cerebral 
damage edema 

+ 

+ 

+ + 
+ + 
+ + 
+ + 
+ + 

+ 

+ 

+ 

New 
capillary Focal Cerebellar Neuronal 
form.ation gliosis lesions necrosis 

+ 
+ + + 

+ + + 

+ + + 
+ + + 

+ + 
+ + 

+ + + + 

+ + + + 

References 

Staples, (1955) 
look, ( 1973) 

Christian and Tryphonas, 
( 1971) 

look et al., (1972d) 
Sauerefal., (1970) 
Clasenetal., (1974) 
look, Ci9tfT 
Sauer et ~., (1970) 

Pentschew and Garro, 
(1966) 
Goldstein et ~·, (1974) 

Bagley and Locke, (1967a) 

Locke and Bagley, (1967a) 



and Tryphonas, 1971), dogs (Staples, 1955; Zook, 1973; Kowalczyk, 

1976), various primates (Sauer et !l·, 1970; Zook et ~., 1970, 1972c, 

1972d, 1973) and has been produced experimentally in guinea pigs 

(Bouldin et ~., 1975}, rats (Pentschew and Garro, 1966; Lampert and 

Schochet, 1968}, dogs (Staples, 1955} and primates (Hopkins, .1970; 

Clasen et ~-, 1974). 

Investigators suspected that lead encephalopathy was mediated 

through lesions in the cerebral vasculature with a resulting blood-

brain barrier dysfunction (Pentschew and Garro, 1966). Prominent vascular 

lesions surrounded by edema, hemorrhage and fibrin deposition have been 

described in primates (Sauer et !l·, 1970; Zook et ~-, 1970; 1973), 

dogs (Zook, 1973} and suckling rats (Pentschew and Garro, 1966). 

Studies with radio-labelled lead (Goldstein et !l·, 1974) have shown 

that lead concentrations in the brain correlated with blood lead 

concentrations and that lead was taken up by the brain even when blood 

levels were low~ This suggested that there was no threshold to 

protect the brain against lead accumulation. Thomas et ~· {1973} 

found that radioactive Pb210 localized first in the cytoplasm of 

capillary endothelial cells, then caused degenerative changes in 

astrocyte foot processes and eventually neuronal damage and edema. 

Pentschew and Garro (1966) and Christian and Tryphonas (1971) speculated 

that dysoria, an increased permeability of the blood-brain barrier, led 

to prolonged metabolic dysoxidosis. Capillary activation, proliferation 

of endothelial cells and areas of hemorrhage described in dogs (Zook, 

l973) may suggest a similar mechanism. If capillary permeability changes 

become sufficiently severe the resulting edema may develop secondary 

hemodynamic changes which would exacerbate the condition. 

- 25 -



Cerebral edema has been reported in man (Lin-Fu, 1973), cattle 

(Christian and Tryphonas, 1971), primates (Sauer et ~., 1970; Zook 

et !l·, 1972c, 1972d, 1973; Clasen et !l·, 1974) and Canada geese 

(Bagley and Locke, 1967a) but is uncommon in lead-poisoned dogs 

(Zook, 1973) even though swelling, necrosis and endothelial pro

liferation are prominent features. Lead encephalopathy in suckling 

rats was most severe in the cerebellum (Pentschew and Garro, 1966). 

Goldstein (1974) reproduced these lesions and speculated that capillaries 

of the cerebell-um may be more vulnerable to lead than are capillaries 

elsewhere in the brain. 

Lead can act directly at the neuronal level inducing changes in 

normal. neuronal metabolism (Brun and Brunk, ·1970; Bull et ~., 1975). 

Bouldin et-~. (1975) produced severe encephalopathy in the absence 

of blood-brain barrier dysfunction. Peters (1953) suggested that lead 

may interfere with the metabolism of pyruvate and oxidative systems 

impairing the tricarboxylic acid cycle. Scott et !l· (1971) showed 

that succinate dehydrogenase· activity was inhibited by lead, resulting 

in interference with glycolytic pathways. f•1oncrieff et ~· (1964) 

described elevated blood pyruvate in lead poisoned children and suggested 

that impairment of the citric acid cycle had occurred. 

Low levels of lead produced hyperactivity, behavioural abnormalities 

and learning disabilities in rats (Sauerhoff and Michaelson, 1973; 

Kostas et ~-, 1976), and children (David et ~., 1972). Lead induced 

convulsive disorders occurred without significant histological lesions 

in man (Pentschew, 1965) and experimentally lead poisoned dogs (Stowe 

et ~., 1973). Ferraro and Hernandez (1932) produced neuronal necrosis 
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in lead poisoned cats without producing clinical symptoms. Kostas 

et ~· (1976) suggested that lead-related hyperactivity in rats and 

children may be due to the accumulation of lead in the hippocampus. 

They suggested that because much of the development of the hippocampus 

·occurs postnatally, it may be particularly susceptible to lead in

toxication. 

Neuropathy, characterized by segmental demyelinization of random 

peripheral axons, and associated with chronic lead intoxication has 

been reported in guinea pigs (Fullerton, 1966), rats (Lampert and 

Schochet, 1968), dogs (Zook, 1973); ·monkeys (Farraro and Hernandez, 1932; 

Hopkins, 1970) and a guinea hen (Hunter and Haigh, 1978) (Table 5). 

Lead-induced peripheral nerve lesions begin with degeneration of myelin 

adjacent to the nodes of Ranvier (Lampert and Schochet, 1968). The 

swollen myelin sheaths shrink away from the axon and form osmophilic 

droplets of degenerating mye·l in. In severe cases entire internodal 

segments may be involved. The pathogenesis of these lesions is obscure 

but may be related to vascular permeability dysfunction, with edema 

within endoneurial compartments leading to pressure damage to Schwann 

cells and resultant demyelinization (Lampert and Schochet, 1968). Lead 

interferes with nerve impulse transmission at the level of the neuto

muscular junction, through competitive inhibition of calcium uptake at 

the presynaptic terminal (Kober and Cooper, 1976). This may in part 

explain many clinical manifestations of lead intoxication and may be 

.of particular importance in avian species which attain exceptionally 

high circulating blood lead concentrations. 
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TABLE 5. Lesions described in peripheral nerves of lead poisoned mammals and birds. 

Demyelinating Vascular Clinical 
Species Nerve neuropathy damage signs References 

Dog vagus + esophageal look, (1973) 
paralysis 

Cat· sciatic + paralysis Ferrarro and Hernandez, (1932) 

Horse recurrent "roaring~~ Knight and Bureau, (1973) 
laryngeal (no necropsy data) 

recurrent "roaring" Scmitt et al~, (1971) 
laryngeal (nerve necrosis?) 

recurrent "roaring" Hammond and Aronson, (1964) 
I'\) laryngeal facial paralysis 00 

Rat sciatic + + paralysis Lampert and Schochet, (1968) 

Guinea pig multiple + paralysis Fullerton, (1966) 

Primate spinal cord, + Sauer et ~. , ( 19 7 0) 
sciatic + 
brachial plexus + "wrist drop" Ferrarro and Hernandez, (193~) 

Guinea hen sciatic + paralysis Hunter and Haigh, (1978) 



2.1.8.6 Skeletal system 

The ability of lead to localize in bone is well recognized 

(Willoughby et ~., 1972; Stowe et ~., 1973). Lead accumulates in 

metaphyseal regions of immature bone (Willoughby et ~., 1972). The 

formation of a radiographically apparent "lead-line" has been described 

in several species (Table 6). Eisenstein and Kawanove (1975) showed 

that the "lead-line" was not due to a pr.imary osseous change, but rather 

to a lead-induced inability of cartilage-resorbing cells to degrade 

mineralized matrix. In monkeys, children and guinea pigs the major 

lesions were in the metaphysis, and were characterized by cores of 

mineralized cartilage covered by a thin layer of new bone extending 

down into the marrow cavity (Eisenstein and Kawanove, 1975). Intra

cytoplasmic and intranuclear inclusion bodies were found within 

osteoclasts .. Zook (1973) produced similar lesions in dogs after only 

10 days exposure to lead. 

Lameness and osteoporosis were reported in lambs that ingested 

feed containing excess lead (Butler et:~., 1957; Clegg and Rylands, 

1966); however, the authors suggested that nutritional inadequacies 

of the feed may have contributed to the development of lesions. Clemens 

et ~., (1975} described necrosis of bone in lead-poisoned mallard ducks 

but found that the lesions were restricted to the osteomyelosclerotic 

bone of egg-laying female birds. 

2.1.8.7 Hepatic system 

Lead may produce microscopic lesions in the liver. Generalized 

parenchymatous degeneration has been reported in many species (Table 7}, 

and severe fatty degeneration was reported in lead-poisoned dogs (Stowe 
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w 
0 

Lead 
Species Line 

Dog + 

Sheep 

Guinea + 
pig 

Horse + 

Man + 

Primate + 

Mallard 

TABLE 6. Radiographic and histologic lesions described in the skeletal 
system of lead poisoned mammals and birds. 

Osteoporosis 

+ 
+ 

Osteosclerosis
metaphyseal 
sclerosis 

+ 

+a 

Bone 
marrow 

hyperplasia 

+ 

+ 

References 

Zook, (1973) 

Butler et al., (1957) 
Clegg and Rylands, (1966) 

Eisenstein and Kawanove, (1975) 

Schmitt et !}_. , ( 1971 ) 

Barltop (1968) 

Zook et _li. , ( 1973) 

Clemens et !l·, (1975) 

a Lesions restricted to osteomyelosclerotic bone of female in production. 



et !l·, 1973) and mallard ducks (Del Bono and Braca, 1973; Irwin 

et !l·, 1974). Necrosis of hepatocytes was observed in primates 

(Zook et !l·, 1973) and birds (Locke et ~·, 1967; De_l Bono and Braca, 

1973). Intranuclear inclusion bodies may develop in most species 

depending on the lead concentrations in the liver. Lead-induced 

ultra-structural changes in hepatocyte mitochondria were reported in 

swine (Watrach, 1964) and rats (Trejo et ~·, 1972; Filkins, 1973). 

2.1.8.8 Reproductive system 

Lead altered reproductive efficiency in rats (Stowe and Goyer, 1971), 

monkeys (Zook et ~·, 1973}, ducks (Elder, 1954; Del Bono et ~·, 1975) 

and man (Lancranjan et ~., 1975). Stowe and Goyer (1971) reported 

that lead-poisoned rats had a decreased litter size due to toxic 

damage to germinal epithelium. Zook et ~· (1973c) observed lead-

induced degeneratfve changes, characterized by swelling and necrosis 

of germinal cells and an absence of spermatogenesis in the testes 

of monkeys. Stowe et ~· (1973) found severe hydropic degeneration 

of spermatogonia- in lead poisoned dogs. Men subjected to prolonged 

exposure to high environmental lead levels have hypospermia, astheno

spermia and teratospermia (Lancranjan et ~., 1975). Lead induced 

marked reduction in fecundity (Elder, 1954) and fertility (Del Bono 

et ~., 1975) in both domestic and wild mallard ducks. Stone and 

Soares (1974) observed a significant increase in the incidence of soft 

shelled eggs in quail fed a diet containing lead. Grandjean (1976) 

suspected that environmental lead prod_uced egg shell defects in European 

kestrels .(Falco tinnunculus). Lead has been reported to induce abortions 

in sheep (Clarke and Clarke, 1967), goats (Dollahite et ~., 1975) and 

human beings (Wilson, 1966). 
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TABLE 7. Histologic lesions described in the liver of lead-poisoned 
mammals and birds. 

Hepatocyte Parenchymatous Hemosiderin Intranuclear 
Species necrosis degeneration deposition inclusions References 

Dog + + + Staples, (1955) 
+ + Zook, (1973) 

+ Stowe et !]_., ( 1973) 

Primate + + + Zook et al., (1973) 
+ Zook et aT., (1976) 
+ Sauer et al., (1970) 

Sheep + + Butler and Nisbet, (1957) 

w Cattle + Christi an and Tryphonas, 
N (1971) 

Horse + + Schmitt et !]_. , ( 1971 ) 

Mallard + + Bates et ~1., {1968) 
duck + + + Del Bono and Braca, (1973) 

+ + Locke et !]_. , ( 1967) 

Canada + Cook and Trainer, (1966) 
goose 

Mourning + + . Locke and Bagley, (1967a) 
dove 

Whistling + + + Trainer and Hunt, (1965) 
swan + + Irwin, (1975) 



2.2 Experiment I: Toxicity of lead, lead-iron and iron shot 

for 5-week-old mallard ducks 

2.2.1 Rationale 

"Sintered" lead-iron and iron are potential alternatives to lead 

in the manufacture of shot gun pellets. The objectives of this study 

were to: 

(1) establish a lethal oral dose of lead, lead-iron and iron pellets 

for 5-week-old mallard ducks over a 3 week trial period. 

(2) investigate clinical and hematological changes accompanying 

lead intoxication in 5-week-old mallard ducks. 

(3) define the gross and microscopic changes of lethal and sub

lethal lead exposure in 5-week-old mallard ducks. 

(4) estimate the erosion and retention of lead, lead-iron and iron 

pellets within the gizzard of 5-week-old mallard ducks over a 3 week 

trial period. 

2.2.2 Materials and methods 

2.2.2.1 Experimental birds and management 

Day-old mallard ducks were obtained from a supplier1 and raised in 

isolation for 5 weeks. The birds were housed indoors on raised 0.64 em 

wire-mesh floors. Standard 200 watt infrared brooder lamps were supplied 

for the initial 3 weeks and thereafter the room temperature was maintained 

at 23 C. The birds were given free access to feed2, running tap water 

1 Whistling Wings, Box 1, Hanover, Illinois 61041, U.S.A. 

2 "Unmedicated Duck and Goose Starter", Federated Co-operatives Ltd., 
Saskatoon, Saskatchewan, Canada. 
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and grit. The birds were exposed to artificial fluorescent lighting 

for 10 hr followed by 14 hr darkness. At 5 weeks of age the ducks were 

moved to a separate room and housed, four to a cage; in standard wire 

poultry cages suspended over plastic-lined trays (Fig. 1). 

2.2.2.2 Pellet types 

The pellets used in the trials were: 

(1} commercial No. 4 lead pellets {averaging 197.03 + 7.4 mg/pellet), 

manufactured by Winchester-Canada, Cobourg, Ontario, Canada. 

(2) No. 4 lead-iron pellets (averaging 114.3 + 5.9 mg/pellet), 

containing by weight 47.5% Pb, 47.5% Fe, 4% Cu, 1% Zn, manufactured by 

Arcanum Corporation, Ann Arbor, Michigan, 48106, U.S.A. 

(3) commercial No. 4 iron pellets (averaging· 144.7 + 8.3 mg/pellet) 

manufactured by Federal Cartridge Corporation, Minneapolis, Minnesota 

55402, U.S.A. 

2.2.2.3 Experimental design 

Birds were identified by colored leg rings and weighed prior to 

dosing. Blood samples were taken from the brachial vein for analysis 

of packed cell volume (PCV) and fluorescent erythrocyte evaluation. 

Similar blood evaluations were repeated at w.eekly intervals during the 

3 week trial. Birds were dosed with the· appropriate pellet type, as 

outlined in Table 8, through a flexible plastic stomach tube passed to 

the esophageal-proventricular junction. Control birds were handled 

and intubated in the same manner. Pellets were weighed prior to 

administration. 

Birds which died during the trial were necropsied as soon as possible 

after death. Birds which survived the trial period were killed by 
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Fig. 1. Cage used for holding ducks for all trials 

involving dosage with shot. The sides and top 

were of standard poultry mesh, the floor was 

of 2 X 2cm welded wire mesh and the cage was_ 

suspended over a plastic-lined tray (arrow). 
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TABLE 8. Design of Experiment I - Mallard ducks (5-week-old) were 
dosed with lead, lead-iron or iron pellets 

Number of Number of 
Pellet type pellets/bird ducks 

Lead 2 6 

4 6 

8 6 

16 4 

32 4 

Lead-iron 2 6 

4 6 

8 6 

16 4 

32 4 

Iron 2 6 

4 6 

8 6 

16 4 

32 4 

Control 0 6 
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intravenous injection of a saturated barbiturate solution1, weighed 

and necropsied immediately. One bird from each of the groups receiving 

8, 16 or 32 pellets was anesthetized with Halothane2 and perfused with 

formalin using a vascular perfusion technique (Hunter and Wobeser, 1978). 

2.2.2.4 Analytical methods 

All pellets voided by the birds during the trial were recovered 

from the plastic lined trays, dried and weighed. Pellets present in the 

gizzard at necropsy were counted, washed, dried and weighed. Pellet 

retention rate was determined and the extent of erosion was calculated. 

Portions of all major organs were fixed in 10% neutral buffered 

formalin for·at least 24 hr, embedded in paraffin, sectioned and stained 

with hematoxylin and eosin (H&E). Sections of kidney from birds receiving 

8, 16 or 32 lead and lead-iron pellets were stained with Ziehl-Neelsen 

acid-fast stain. 

The method used for histologic assessment was to review all slides 

related to the experiment and record the range of lesions or changes 

present. The slides were then coded and re-examined in a 11 blind 11 manner 

so that lesions were recorded for each individual bird, without knowledge 

of the treatment that the bird had received. 

The fluorescent erythrocyte test was performed using the method of 

Barrett and Karstad (1971) with the following modifications: the micro

scope was a Carl Zeiss Ultraphot II, the ultraviolet light source was an 

Osram HBO 200 watt mercury arc lamp used with a BG 12 exciter filter 

(peak transmission of 400 mu), and a barrier filter set at 53/44. Blood 

1 Lethal, Hoescht Pharmaceuticals, Montreal, P.Q. 

2 Somnothane, Hoescht Pharmaceuticals, Montreal, P.Q. 
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samples were focused under white light and then examined under ultra

violet light. Fluorescence was best visualized under partial dark

field. All blood samples collected were coded by an assistant and 

evaluation was done without knowledge of the treatment that the bird 

had received. 

Samples of liver and kidney from each bird dosed with either lead 

or lead-iron pellets were analyzed for lead concentration by atomic 

absorption spectrophotometry (Prior, 1976) in the Department of Veterinary 

Physiological Sciences, Western College of Veterinary Medicine. Tissue 

lead concentration was reported on a 11 Wet weight .. basis. 

2.2.3 Results 

There was no mortality attributable to lead intoxication during 

the 3,week test period. Two birds in the lead-iron test group were 

asphyxiated by catching their heads in the wire mesh of the enclosure 

and one bird died with airsacculitis caused by Aspergillus ~· At 

the termination of the trial all remaining birds were clinically normal. 

Evaluation of weight gains showed no significant differences (paired 

.. t .. test, P > .05) between the principal and control groups (Table 9). 

There were few gross lesions. Two of four birds dosed with 32 

lead pellets and one of four birds that received 32 lead-iron pellets 

had an empty intestinal tract and bile-stained vent. The myocardium of 6 of 

26 birds (23%) dosed with lead pellets, 5 of 24 (21%) of the ducks given 

lead-iron pellets, and 1 of 6 (16%) control ducks appeared dilated and 

flaccid. However, no microscopic lesions were found in the myocardium. 

No consistent histological lesions were found in other tissues and 

acid-fast inclusions were not observed in the kidneys of any bird. 
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TABLE 9. Body weight at end of trial period of mallard ducks dosed 
with lead, lead-iron or iron pellets 

a 

b 

c 

d 

Number of 
pellets/bird 

2 

4 

8 

16 

32 

lead 

349.5 + 50.59a 

478.3 + 42.17a 

375.0 + 35.88a 

442.5 + 62.63b 

450 + 36.80b 

controld 356.16 + 75.63a 

body weight in grams (x + SE), n = 6 

body weight in grams (x + SE), n = 4 

body weight in grams (x + SE), n = 3 

control birds received no pellets 
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Pellet type 
lead-iron iron 

282 + 62.98a 420 + 21.67a 

370 + 47.2la 502 + 44.27a 

337 + 128.17b 404 + 48.67a 

285 + 59.02c 365 + 57.74b 

485 + 53.79b 363 + 62.13b 



The PCV of ducks dosed with lead and lead~irbn pellets decreased 

slightly, but this decline was not significantly different (paired 

"t" test, P< .05) from controls (Table 10). The PCV never decreased 

below 30%. PCV values below 20% are suggestive of anemia in domestic 

paul try (.Freeman, 1971). 

The erythrocytes of some birds dosed with lead and lead-iron pellets· 

fluoresced on exposure to specific wavelengths of ultraviolet light. The 

intensity and duration of fluorescence increased with the dosage of lead 

administered. The occurrence of fluorescence appeared to peak between 

the first and second week and some birds that were positive at week 1 

reverted to negative by week 2 (Table 11). 

The results of lead analysis of liver and kidney are summarized in 

Table 12. All birds dosed with lead or lead-iron pellets had significantly 

higher (unpaired "t" test, P < .05) concentrations of lead in 1 iver and 

kidney than did controls. Birds dosed with two lead-iron pellets had 

higher liver and kidney lead concentrations than did birds which received 

two lead _pellets (unpaired 11 t" test, P < .05). Howe-ver, at higher pellet 

dosages lead retention in liver and kidney was signif1cantly greater in 

the lead pellet groups than in the lead-iron pellet group. Lead con

centration in kidneys of both lead and lead-iron dosed groups was 

consistently higher than corresponding liver lead concentration of controls. 

At the end of the 3-week trial period ducks had retained 68% of 

the lead pellets, 84% of the lead-iron pellets and 92% of the iron 

pellets (Table 13). Retention of lead pellets differed significantly 

(Chi 2 test, P <.01) from retention of either lead-iron and iron pellets, 

but the retention rates of lead-iron and iron pellets were not significantly 
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TABLE 10. Changes in blood packed cell volume in 5-week-old mallard ducks dosed with lead~ iron 
or lead-iron pellets over a 21 day trial period 

PCV 
Pellet Number of 
type pellets/bird Initial 1st week 2nd week 3rd week 

Le·ad 2 38.5 + 0.96 a 37.5 + 0.76 a 35 + 1.82a 36.8 + 1.39 a 

4 38.6 + 0.96 a 37.2 + 1.25 a 35.8 + 0.87 a 35.8 + 1.25 a 

8 . a 38.7 + 2.09 36.2 + 1.84 a 33.7 + 1.35 a 32.8 + 1.28 a 

16 
- b 

40.3 + 0.86 
- b 

38.0 + 1.23 
- b 

35.7 + 0.96 
- b 

34.8 + 1.08 

32 
- b 

38.7 + 0.29 
- b 

37.0 + 1.08 
- b 

34.0 + 0.86 32.6 + 1.20 b 

Lead-iron 2 a a a a 
~ 39.6 + 1.20 40.0 + 0.51 36.6 + 0.96 36.4 + 0.69 __. 

4 40.0 + 1.00 a 39.5 + 0.34 a 36.5 + 1.48 a 34.8 + 0.99 a 

8 42.2 + 1.07 a - b 
40.6 + 0.58 

- b 
36.6 + 1.53 

- b 
37.4 + 2.10 

16 
- b 

39.2 + 0.95 
- . b 

40.0 + 0.71 34.7 + 1.52 c 35.0 + 1.74 c 

32 
- b 

40.0 + 0.71 
- b 

40.0 + 0.50 
- b 

36.5 + 1.33 
- b 

34.6 + 1.41 

Iron 2 37.3 + 0.96 a 37.8 + 0.98 a 36.6 + 1.82 a 37.2 + 0.95 a 

4 39.6 + 0.33 a 39.6 + 0.21 a 37.2 + 1.04a 37.8 + 1. 13 a 

8 38.5 + 1.36 a 39.0 + 0.95 a 39.5 + 1.22 a 38.4 + 0.82 a 

16 
- b 

39.2 + 2.18 
- b 

38.7 + 0.95 
- b 

36.5 + 1.19 
- b 

38.0 + 0.81 

32 39.75-+ 0.63b 
- b 

39.2 + 0.48 
- b 

36.7 + 1.80 
- b 

37.8 + 1.23 

Control 0 39.0 + 1.05 a 40.0 + 0.67 a 38.5 + 1 .18 a 38.8 + 1.25 a 

a PCV value represents the mean (x + SE), n = 6 
b PCV value represents the mean (x + SE), n = 4 
c PCV value represents the mean (x ~ SE), n = 3 



TABLE 11. Results of fluorescent erythrocyte tests on the blood of 5-week-old mallard ducks 
dosed with lead, lead-iron or iron pellets and a 21 day trial period 

Pellet Number of 
Day 7 Day 14 Day 21 

type pellets/bird Na wb sc N w s N w s 

Lead 2 2/6d 3/6 l/6' l/6 4/6 1/6 2/6 3/6 1/6 
4 - 4/6 2/6 - 4/6 2/6 - 5/6 1/6 
8 - 3/6 3/6 6 3/6 3/6 - 4/6 2/6 

16 1/4 - 3/4 l/4 - 3/4 l/4 l/4 2/4 
32 - 1/4 3/4 - - 4/4 - - 4/4 

Lead- 2 4/6 2/6 - 2/6 3/6 l/6 2/6 4/6 
Iron 4 5/6 l/6 3/6 3/6 3/6 3/6 - -

..,:::::. 8 2/6 3/6 1/6 N 4/4 - - 4/4 
16 2/4 2/4 - 2/3 l/3 - 2/3 l/3 
32 - 2/2 - 1/2 l/2 - l/2 1/2 

Iron 2 6/6 - - 6/6 - - 6/6 
4 6/6 - - 6/6 - - 6/6 
8 6'/6 - - 6/6 - - 6/6 

16 4/4 - - 4/4 - - 4/4 
32 4/4 - - 4/4 - - 4/4 

Controle 0 6/6 - - 6/6 - - 6/6 

a no fluorescence 
b W - weak, from a mild pink glow of the entire field with faint transient fluorescence to moderately 

bright fluorescence lasting up to 10 seconds 
c S - strong, bright red fluorescence of individual red cells lasting from 10 seconds to more than 

1 minute · 

d number of birds in fluorescence class/number of birds examined 



TABLE 12. Lead concentration (ppm -wet weight) in liver and kidney 
of 5-week-old mallard ducks dosed with lead or lead-iron 
pellets 

a Mean + SE, n = 4 

b Mean ~ SE, n = 6 

c Mean of birds dosed with lead pellets and those dosed with an equal number 
of lead-iron pellets are significantly different (P <.05) 

d All means regardless of treatment are significantly different (P <.05) 
from control values 

- 43 .. 



+::
+::-

TABLE 13. Pellet retention and dissolution over a 3-week-trial in 5-week-old mallard ducks 
dosed with lead~lead-iron or iron pellets* 

Pellet 
type 

Lead 

Lead
iron 

Iron 

Number of 
pelletsa 

276 

224 

276 

Number of 
pellets retained 

189 

188 

254 

% retentionb 

68.5 

83.9 

92.0 

Initial weight 
of pellets (g) 

55.2 

25.0 

41.7 

Final weight 
of pellets (g) 

15.9 

10.2 

24.2 

a number of pellets given/26 birds; individual birds were dosed as shown in Table 8 

b retention calculated on number of pellets in gizzard at necropsy 

% dissolutionc 
be weight 

71.6 

59.3 

41.9 

c dissolution calculated from voided pellets recovered during the trial and pellets recovered 
from gizzards at necropsy 

* pellet retention was not influenced by the number of pellets given 



different. The dissolution of lead pellets was higher (Chi 2 test, 

P < .05} than that of iron pellets but was not significantly different 

from that of lead-iron peilets. 

2.2.4 Discussion 

No lead-related mortality occurred regardless of pellet type or 

dosage administered. The retention and dissolution rates of lead pellets 

in this experiment compare quantitatively with those reported in the 

available literature (Cook and Trainer, 1966; Clemens et ~., 1975). 

The rate of dissolution of lead pellets was approximately 5.0 mg/pellet/ 

day. Using this estimated rate as a basis, birds which received 32 lead 

pellets withstood·exposure to 160 mg of lead per day for 3 weeks without 

clinical or pathological evidence of intoxication. Similar resistance 

to oral lead intoxication has been reported previously in juvenile 

mallard ducks (Jordan, 1968) and 6 week-old chickens (Vengris, 1973). 

The decreased susceptibility to lead poisoning reported in young avian 

species is opposite to the situation in mammals, in which the young are 

more susceptible to lead intoxication than are older animals (Waldron 

and Stofen, 1974). 

The low concentrations of lead in soft tissues of the birds at the 

end of this experiment suggests that the majority of the exposure dose 

was not absorbed, was deposited in tissues other than liver and kidney 

or was excreted. Shields et ~- (1939) demonstrated that the bones of 

young rats sequestered lead more readily than did the bones of mature 

rats .. Clemens et.~. (1975) reported that lead accumulated in osteo

myelosclerotic bones of egg-producing female mallards. Jordan (1968) 

could not show a significant correlation between lead resistance and 
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uptake of lead in the skeletal system of young mallards. Bones were 

not analysed for lead content in this experiment, so that the possibility 

of bone sequestration of lead is speculative. 

Diet influences lead uptake and retention in mallard ducks (Jordan 

and Bellrose, 1951; Bellrose, 1964; Jordan, 1968; Clemens et ~., 1975). 

Jordan (1968) speculated that the rate of food intake determined the 

bird's susceptibility to lead toxicity. He found decreased mortality 

rates among juvenile mallards and egg-producing hen mallards in the spring 

and drake mallards in the winter. Thess correlated positively with 

increased food consumption rates by these birds at that particular time 

of year. Jordan (1968) also showed that pelleted commercial duck feeds 

were consumed more readily than were ground feeds, corn, rice or mixed 

grain. 

The resistance to lead intoxication shown by 5-week-old mallard ducks 

in this experiment may be explained by one or more of the following: 

(1) the high food consumption of young birds 

(2) possible sequestration of lead within an actively growing 

skeletal system 

(3) the nutritionally adequate diet 

(4) the pelleted form of the food. 

The absence of mortali~y, the lack of clinical, hematological and patho

logical changes and the low soft tissue lead retention despite large oral 

lead exposure confirmed that young mallard ducks are remarkably resistant 

to lead toxicity. 

- 46 -



2.3 Experiment II: Toxicity of lead, lead-iron and iron shot 

for 18-week-old mallard ducks 

2.3.1 Rationale 

In experiment I 5-week-old mallard ducks survived 6ral exposure 

to 32 lead pellets without clinical or pathological evidence of lead 

intoxication. Experiment II was divided into two parts, Experiment Il-l 

and Experiment II-2. The objectives of Experiment Il-l were to: 

(1) investigate the temporal distribution of lead in the blood 

of 18-week-old mallard ducks dosed with lead or lead-iron pellets and 

fed either a nutritionally adequate commercial ration or whole mixed 

grain (50% wheat, 50% barley). 

(2) study the occurrence of erythrocyte fluorence and changes 

in PCV in relation to blood lead concentration. 

(3) estimate the erosion and retention of lead and lead-iron 

pellets within the gizzard of 18-week-old mallard ducks over a 3 ·week 

trial period. 

(4) determine renal and hepatic lead retention in relation to 

blood lead concentration. 

The objectives of Experiment II-2 were to: 

(1) establish a lethal oral dose of lead or lead-iron pellets 

in 18-week-old mallard ducks over a 3 week trial period. 

(2) observe the clinical manifestations of lead intoxication in 

18-week-old mallard ducks. 

(3) define the gross and microscopic changes of lethal and sub

lethal lead exposure in 18-week-old mallard ducks. 
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2.3.2 Materials and methods 

2.3.2.1 Experimental birds and management 

Day-old mallard ducks were obtained from a supplier1 and raised 

until 5 weeks of age in the same facilities and under the same manage

ment conditions used for birds in Experiment I. At 5 weeks of age half 

of the birds were separated and placed on a diet of whole grain (50% 

wheat, 50% barley). The remaining birds were m~intained on the 

commercial duck feed. At 18 weeks of age birds on each diet were divided 

into two groups and assigned to either Experiment II-1 or Experiment II-2. 

The ducks were then moved to a separate room and housed three birds to a 

cage in standard wire poultry cages suspended over plastic-lined trays. 

2.3.2.2 Pellet types 

The pellets used in the trials were commercial No. 4 lead pellets 

and No. 4 lead-iron pellets as described in Experiment I. 

2.3.2.3 Experimental design (Experiment II-1) 

Individual birds were identified by colored leg rings. Blood 

(2 ml) was drawn from the brachial vein of each duck on day 0 and on 

every third day until the end of the 3 week trial. Blood from the three 

ducks within each treatment group was pooled and thoroughly mixed using 

sodium heparin2 as an-anticoagulant. As each duck was being_bled two 

microcapillary tubes 3 were filled with blood for duplicate PCV analysis 

and fluorescent erythrocyte evaluation. Birds were dosed with the 

1 

2 

3 

Dr. J.L. Shapiro, Avian Behavior Laboratory, Department of Psychology, 
University of Manitoba, Winnipeg, Manitoba. 

Sodium heparin, Venoject, Kimble-Tenumo Inc., Elkton, Maryland 21921, U.S.A. 

Red tip, heparinized microhematocrit capillary tubes, Sherwood Medical 
Industries, St. Louis, Mo. 63103, U.S.A. 
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the appropriate pellet type (Table 14) in the same manner used in 

Experiment I. Pellets were weighed prior to administration. At the 

termination of the 3 week trial period the birds were euthanized, the 

pellets retained in the gizzard were recovered and samples of liver and 

kidney were collected, placed in individual plastic bags and frozen at 

-10 C until analyzed for lead. 

2.3.2.4 Analytical methods (Experiment Il-l) 

Pellet retention was calculated on the basis of pellets retained 

in the gizzards at necropsy. Pellet dissolution was calculated from 

both voided pellets recovered from the plastic trays and pellets present 

in the gizzards at necropsy. 

The fluorescent erythrocyte test and PCV analysis were performed 

as described previously (Experiment I). The pooled heparinized blood 

samples from each treatment group were analyzed for lead by the Depart

ment of Veterinary Physiological Sciences, Western College of Veterinary 

Medicine. Samples of liver and kidney from each bird were analyzed for 

lead by atomic absorption spectrophotometry (Prior, 1976) and lead 

concentration in soft tissues was reported on a 11 Wet weight .. basis. 

2.3.2.4 Experimental design (Experiment II-2) 

The design for Experiment II-2 is shown in Table 15. Birds were 

observed closely for clinical illness, but only those birds which 

displayed advanced paralytic signs were physically examined. Birds 

which died during the trial were necropsied as soon as possible after 

death. Birds which survived the trial period were killed and 

necropsied immediately. 
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TABLE 14. Design of Experiment II-1. Mallard ducks (18 weeks old) were 
dosed with lead or lead-iron pellets and fed either whole 
grain or commercially prepared duck feed. Each dosage group 
consisted of three birds 

Pellet type Number of pellets/bird Diet 

Control a 0 Grainb 

Leadc 2 Grain 
4 Grain 
6 Grain 
8 Grain 

Lead-irond 2 Grain 
4 Grain 

Control 0 Commercial 

Lead 2 Commercial 
4 Commercial 

Lead-iron 2 Commercial 
4 Commercial 

a contra 1 birds were 11 sham tubed li but received no pe 11 ets 

b whole mixed grain (50% wheat, 50% barley) 

c commercial #4 lead shot, Winchester-Canada, Cobourg, Ontario 

d commercial #4 lead-iron shot, Arcanum Corporation, Ann Arbor, 
Michigan, U.-S.A. 

diete 

diet 
diet 

diet 
diet 

e "Unmedicated Duck and Goose Starter .. , Federated Co-operatives Limited, 
Saskatoon, Saskatchewan Canada 
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TABLE 15. Design of Experiment II-2. Mallard ducks (18 weeks old) were 
dosed with lead or lead-iron pellets and fed either whole grain 
or commercially prepared duck feed. Each dosage group consisted 
of three birds 

Pellet type Number of pellets/bird Diet 

Control a 0 Grainb 

Leadc 2 Grain 
4 Grain 
6 Grain 
8 Grain 

10 Grain 

Lead-irond 2 Grain 
4 Grain 

Control 0 Commercial diete 

Lead 2 Commercial diet 
4 Commercial diet 

Lead-iron 2 Commercial diet 

4 Commercial diet 

a control birds were "sham tubed" but received no pellets 

b whole mixed grain (50% wheat, 50% barley} 

c commercial #4 lead shot, Winchester-Canada, Cobourg, Ontario, Canada 

d commercial #4 lead-iron shot, Arcanum Corporation, Ann Arbor, 
Michigan, U.S.A. 

e "Unmedicated Duck and Goose Starter", Federated Cooperatives Limited, 
Saskatoon, Saskatchewan, Canada 
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2.3.2.6 Analytical methods (Experiment II-2} 

Samples of all major organs were fixed in 10% neutral buffered 

for~alin, embedded in paraffin, sectioned and stained with H&E. Kidney 

sections from birds receiving 6, 8 or 10 lead pellets were stained with 

Ziehl-Neelsen acid-fast stain. Sciatic, vagus and brachial nerves were 

dissected free, and attached to cardboard prior to fixation to prevent 

contraction of nerve fibers. Histologic sections were evaluated without 

knowledge of the treatment the birds had received, as described in 

Experiment I. Duplicate sections of nerves that were suspected to have 

lesions under H&E were stained with luxol-fast-blue cresyl-violet for 

myelin and Holme•s stain for axons. Osmium tetroxide teasings (Walsh, 

1970) were prepared from several nerves that had more advanced lesions. 

2.3.3 Results 

2.3.3.1 Results (Experiment II-1) 

No mortality occurred during the 3-week trial period. Two grain-

fed birds in the group given eight lead pellets passed green watery fecal 

material at day 3. By day 9 these birds were lethargic and reluctant or 

unable to move about. Both birds became progressively weaker until day 14, 

but continued to eat normally despite their weakness. From day 14 until 

the end of the trial these ducks gained strength steadily. No other 

birds showed clinical illness. 

Ducks dosed with lead and lead-iron pellets had a slight but not 

statistically significant {paired 11 t 11 test, P > .05) decrease in PCV 

from preclosing values (Table 16). The temporal distribution of blood 

lead concentration found in birds dosed with lead pellets or lead-iron 

pellets and fed either commercial diet or whole grain is shown in 
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TABLE 16. Changes in blood packed cell volume in 18-week-o1d mallard ducks dosed with lead and. 
lead-iron pellets over a 21 day trial period. 

Pellet Number of 
T~Qe Diet Qellets/bird Da~ 0 Da~ 3 Da~ 6 Da~ 9 Da~ 12 Da~ 15 Da~ 18 

Lead grain 2 a 40.0+1.20 . 38.4+.67 39.4+1.76 40.0+2.02 38.6+1.45 39.6+0.88 39.4+1.15 

4 38.0+1.45 38.4+.33 39.0+0.57 36.2+1.01 36.4+1.15 36.0+1.16 36.0+0.93 

6 38.0+0.58 38.0+0~41 36.4+1.28 34.2+1.15 34.0+1.76 35.8+0. 95 36.0+1. 15 

8 40.2+1.45 38.4+0.33 36.2+0.67 32.4+1.76 32.4+1.45 30.6+1.86 32.4+1 .28 

Lead commercial 2 41.2+1.15 41.0+2.31 43.0+1.45 38.6+0.57 37.6+0.67 38.0+1.15 38.4+1.00 
diet 4 40.4+1.45 41.0+0.33 40.0+2.02 38.4+0.88 36.2+1 .37 36.2+0.94 36.8+0.88 

Ul 
Lead- grain 2 38.4+1.76 39.2+1.45 38.4+2.02 38.6+1.28 37.6+0.88 38.0 38.4+0.93 

w iron 39.8+0.57 39.8+1.76 38.6+0.58 38.0 37.8+0.96 37. 4+ 1. 15 38.2+1. 15 4 

Lead- commercial 2 39.8+0.88 40.2+0.33 40.0 39.6+1.15 39.8+0.66 40.2+1.73 40.0+2.60 
iron diet 4 40.2+1.15 40.0+0.33 38.6+0.88 38.4+2.00 38.4+0.33 38.0+1.67 38.0+0.58 

9 

Control grain - 40.0 38.6+0.33 38.8+0.67 40.0+1.15 39.0 38.6+0.33 39.4+0.33 

commercial 38.6+0.33 37.4+0.88 38.6+0.33 38.0+1.15 39.4+0.58 40.0+1.15 39.0+1.67 diet -

a Values represent the mean (x+SE) of three birds. 



Table 17. Lead-dosed birds fed whole grain had usually higher blood 

lead concentrations than did birds dosed with the same number of pellets 

but fed commercial diet (sign test, P< .01). Diet had no apparent 

effect on the blood lead concentration of birds given lead-iron shot. 

Birds dosed with lead had consistently higher blood lead concentrations 

than did lead-iron dosed birds fed a similar diet. The erythrocytes of 

birds dosed with eight lead pellets fluoresced by day 3 post~dosing. 

The intensity and duration of fluorescence increased until day 9 in all 

dosage groups (Table 18) and then gradually declined. The blood of some 

birds that received two or four lead or lead-iron pellets fluoresced at 

day 9 but reverted to non-fluorescence by the end of the trial period. 

The retention of lead in liver and kidney is shown in Table 19. 

Tissues of birds which received lead pellets had usually higher 

(sign test, P <.01) but not significantly different (unpaired "t" test, 

P <.05) lead retention than did birds which received an equal number 

of lead-iron pellets. There was no significant difference in tissue lead 

retention between birds fed commercial diet or whole grain. However, birds 

fed an all grain diet and dosed with lead pellets had consistently higher 

liver and kidney lead concentrations than did corresponding birds on 

commercial diet (sign test, P <.01). The opposite occurred in birds 

dosed with lead-iron pellets. 

At the end of the 3-week trial period ducks fed whole grain had 

retained 88% of lead pellets and 79% of lead-iron pellets. Ducks 

maintained on commercial diet retained 89% of lead pellets and 85% of 

lead-iron pellets (Table 20). Pellet retention did not differ 

significantly among any of the groups (Chi 2 test, P <-.os). The 

dissolution rates of lead and lead-iron pellets did not differ 

- 54 -



TABLE 17. Blood lead concentration over a 21 day period in 18-week-old 
mallard ducks dosed with lead or lead-iron pellets and fed 
either commercial diet or mixed whole grain. Each value 
is for a pooled blood sample from three ducks. 

Pellet Number of Day 

tl::Ee Eel lets/bird 0 3 6 9 12 15 18 

. Lead 2a <.06 0.93 0.93 1.53 1.24 1.17 .96 

Lead 4a <.03 2.71 3.27 4.20 3.80 2.74 2.34 

Lead 6a <.03 2.97 4.18 4.50 4.69 4.19 3.70 

Lead 8a <.04 8.08 12.69 16.60 13.79 10.63 12.71 

Lead 2b <.03 0.68 0.59 0.97 0.63 1. 29 0.60 

Lead 4b <.03 3.39 3.79 2.80 2.73 2.20 2.02 

Lead-
2a iron <.03 0.54 0.58 0.79 0.80 0.89 0.61 

Lead-
4a iron <.03 0.57 0.87 0.89 1. 37 1.33 1. 63 

Lead-
2b iron <.03 0.97 1. 17 0.87 0.66 0.73 0.73 

Lead-
4b iron <.03 0.80 0.72 0.64 0.82 0.70 0.43 

Control <.03 <.03 <.03 <.03 <.03 <.03 <.03 

Control <.03 <.03 <.03 <.03 <.03 <.03 <.03 

a Birds were maintained on whole mixed grain (50% wheat, 50% barley). 

b Birds were maintained on 11 Unmedicated Duck and Goose Starter" 
Federated Cooperatives Limited, Saskatoon, Saskatchewan, Canada. 
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TABLE 18. Results of fluorescent erythrocyte test on the blood of 18-week-old mallard ducks 
dosed with lead or lead-iron pellets over a 21 day trial period. 

--
Fluorescence 

Pellet Number Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 type of -
and pellets/ ·a wb sc N w· s N w s N w s N w s N w s diet bird N 

Lead 2 3/3d - - 2/3 l/3 - - 3/3 - - 3/3 - 1/3 2/3 - l/3 2/3 
grain 4 3/3 - - 2/3 1/3 - l/3 2/3 - - . 2/3 l/3 1/3 2/3 - 2/3 l/3 
fed 
ducks 6 3/3 - - 1/3 2/3 - - 3/3 - - 3/3 - - 3/3 - - 3/3 

8 1/3 2/3 - - l/3 2/3 - - 3/3 - 1/3 2/3 - 2/3 1/3 - 3/3 

Lead 2 3/3 - - l/3 2/3 - - 3/3 - - 3/3 - - 3/3 - 2/3 l/3 
0'1 commercial 
en diet fed 4 3/3 l/3 2/3 2/3 l/3 2/3 l/3 3/3 3/3 - - - - - - - -

ducks 

Lead-iron 2 3/3 - - 2/3 l/3 - l/3 2/3 - l/3 2/3 - 2/3 1/3 - 3/3 
grain fed 
ducks 4 3/3 - - 3/3 - - 2/3 l/3 - l/3 2/3 - 3/3 - - 3/3 

Lead-iron 2 3/3 - - 3/3 - - l/3 2/3 - 3/3 - - 3/3 - - 3/3 
commercial 
diet-fed 4 3/3 - - 3/3 - - 2/3 l/3 - 3/3 l/3 - 3/3 - - 3/3 
ducks 

Controle 0 3/3 - - 3/3 - - 3/3 - - 3/3 - - 3/3 - - 3/3 
a No fluorescence. 
b W - weak - ranging from a mild pink glow over the entire field with faint transient fluorescence. c S- strong- bright red.fluorescence of individual red cells lasting from 10 seconds to more than 1 minute. 
d 

Number of birds in fluorescent class/number of birds examined. 
e Control birds received no pellets. 



TABLE 19. Lead residues {ppm - wet weight) in liver and kidney of 
18-week-old mallard ducks dosed with lead or lead-iron 
pellets. Each value is the mean +S.E. of three ducks. The 
birds were maintained on either whole grain or commercial diet. 

Lead concentration 

1 iver kidney 

Treatment lead lead-iron lead lead-iron 

Diet 

grain a 

commercial 

grain 

commercial 

grain 

grain 

commercial 

Number of 
pellets/bird 

2 5.17+2.41 0.75+0.25 

2 2.72+0.83 0.99+0.59 

4 5.49+1.53 1.97+1.10 

4 4.37+2.05 3.77+1.27 

6 10.26+7.08 

8 7.82+2.49 . 

control 0~48+0.13 

9.27+4.32 2.16+0.61 

3. 93+ 1. 01 2.35+0.63 

11~71+3.16 3.90+2.12 

9.11+4.38 6.69+2.31 

24.24+14.47 

49.99+14.72 

0.74+0.12 0.74+0.12 

a Birds were maintained on whole mixed grain diet (50% wehat~ 50% barley). 

b Birds were maintained on commercial diet. 
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TABLE 20. Pellet retention and dissolution over a 3 week trial in 18-week-old mallard ducks dosed with lead 
or lead-iron pellets. Birds were maintained on either commercial diet or whole mixed grain.* 

Diet Pellet type 

grain lead 

commercial lead 

grain lead-iron 

commercial lead-iron 

Number of 
pellets 

60 

18 

14 

20 

Number of 
pellets retained 

53 

16 

11 

17 

% retentiona 

88.3c 

88.9d 

78. 6d . 

85.0d 

Initial weight 
of pellets {g) 

12.31 

3.69 

1.76 

2.52 

a Retention calculated on the number of pellets in the gizzards at necropsy. 

Final weight 
of pellets .(g) 

1. 07 

0.71 

0.36 

0.75 

b Dissolution calculated from voided pellets recovered during the trial and pellets recovered from 
the gizzards at necropsy. 

c Calculated on results of 12 birds, n=l2. 

d Calculated on results of 6 birds, n=6. 

* Pellet retention was not influenced by the number of pellets given/duck. 

% dissolutionb 
by weight 

90.0c 

80.6c 

79.3d 

70.2d 



significantly (Chi 2 test, P >.05) regardless of diet. 

2.3.3.2 Results (Experiment II-2) 

Clinical illness was observed only in grain-fed ducks. Progressive 

lethargy and weakness occurred in two of three birds dosed with eight 

and ten lead pellets, respectively, and in one of three ducks dosed with 

four lead pellets. Weakness first affected the leg muscles and eventually 

involved the wings. Ducks rested on their sternum with the wings outspread· 

·to assist in retaining balance. Terminally sitk birds displayed flaccid 

pa~alysis of the wings. When placed upon their back these ducks had 

difficulty righting themselves and withdrawal reflexes were absent from 

the rear legs. However, throughout the illness the birds appeared 

alert, aware of their surroundings and when alarmed they appeared willing, 

but unable, to move. Clinical signs suggested a progressive flatcid 

paralysis. Two ducks dosed with ten lead pellets died. 

Gross findings were restricted to birds dosed with lead pellets 

(Table 21). Lesions consistently increased in frequency and severity with 

increasing dosage of lead pellets. None of the birds, including those 

dyi~g of lead intoxication, was emaciated and all ducks had considerable 

body fat. Atrophy of pelvic limb muscles was observed in all birds showing 

clinical illness, but pectoral musculature and body fat stores in these 

birds were normal. Marked splenic atrophy (Fig. 2) was observed in birds 

that received eight and ten lead pellets and in one duck dosed with four 

lead pellets. The spleen of these birds was pale, contracted and ranged 

in diameter from 0.3 to 1 em. The spleen of control birds measured from 

. 1.5 to 2.5 em. Atro~hy of the bursa of Fabricius was present in all 

three birds dosed with ten lead pellets and in one bird dosed with four 
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Fig. z~ The spleen from a control duck on the left is compared to an 
atrophied spleen from a duck dosed with 10 lead pellets. 

Fig. 3. A normal bursa of Fabricius on the left is contrasted by an 
atrophied, shrunken bursa from a mallard duck dosed with 
eight lead pellets. 
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TABLE 21 .. Gross lesions observed in 18-week-old mallard ducks dosed with lead pellets . 

.f-) E 
~ :::::J 
QJ >, E .,.. 
> ..c >, :::::J "t:J 

a..c ..c >, ..... s... 1/) 
"t:J I oe a. ..c "t:J C't1 ~ 

"t:J 1/) QJ 0 S...•r- 0 a. s... u 0') 
s... 1/) ~ s... .f-) ,... s... 0 C't1 0 .,... .,.. C't1 .,.. ......., ,... C't1 ......., s... u ~ 

(/) 
4- .c u C't1 IJ')C't1 u ttS ......., .,.. 
a ......... s... ......., 

C't1~ S...•r- C't1 s... ,... 
1/) C't1 1/) O')•r- C't1> u QJ "t:J C't1 

5-..f-) u I ......., ,... ,... .,.. ,... a. .,.. u 
QJQJ ~ >,IJ') :::::JQJ ~ C't1 0 u .,.. ..c .c,... .f-) QJ QJ .f-)QJ u 0.. QJ 1/) s... u ~ .f-) 
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:::::J QJ .,.. C't1 s... E~ ::::::14- a. :::::J >, ,... ,... QJ z a. 0 c.. t!l L1J .,.. :::iE:O (/') co :I: LL. u 0 

2 grain 0/3a 1/3 0/3 0/3 0/3 0/3 0/3 1/3 0/3 0/3 
0"'1 ...... 4 grain 1/3 1/3 1/3 1/3 1/3 l/3 1/3 2/3 1/3 0/3 

6 grain 0/3 2/3 0/3 0/3 0/3 0/3 0/3 1/3 0/3 0/3 

8 grain 1/3 2/3 2/3 1/3 2/3 l/3 0/3 2/3 2/3 0/3 

10 grain 2/3 3/3 2/3 2/3 3/3 3/3 1/3 3/3 2/3 2/3 

2 commercial 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 
diet 

4 commercial 0/3 0/3 0/3 0/3 
diet 

0/3 0/3 0/3 1/3 0/3 0/3 

Control 0/3 0/3 0/3 0/3 0/3 0/3 0/3 1/3 0/3 0/3 
a 

Number of birds showing lesions per number of birds dosed. 



and eight lead pellets, respectively. The bursa was increased both in 

length and diameter (Fig. 3). Several birds at different dosage levels 

had a flaccid and dilated heart but no infarcts or degenerative. changes 

were seen grossly. Hydropericardium occurred in one bird (Fig. 4). 

Histological changes were restricted to liver, kidney, spleen, 

bursa of Fabricius and the peripheral nervous system. Lesions appeared 

consistently in those birds dosed with eight and ten lead pellets that had 

shown signs suggestive of clinical lead toxicosis. 

Hepatic lesions consisted of mild parenchymatous degeneration in 

birds dosed with eight and ten lead pellets and in one duck dosed with 

four lead pellets. Birds receiving eight and ten lead pellets had large 

amounts of hemosiderin within macrophages and a single duck had amyloid 

deposits scattered diffusely through portal areas. No lesions were observed 

in birds dosed with lead-iron pellets. 

Renal lesions consisted of mild swelling of proximal tubular epithelial 

cells with variation in nuclear size and cytoplasmic staining affinity. 

Degeneration of proximal convoluted tubules was present in one bird of 

each 9roup dosed with eight and ten lead pellets. This was characterized 

by dissociation of tubular epithelial cells, separation from basement 

membranes and desquamation of these cells into the lumen (Fig. 5). Distal 

tubules contained cellular casts of desquamated epithelium and debris. 

Intranuclear inclusion bodies were found within proximal tubular epithelium 

with increasing frequency as pellet dose increased (Table 22). Inclusion 

bodies varied in shape, size and number within nuclei of adjacent cells 

and often were present in cells that appeared morphologically normal. 

As many as eight separate inclusions were present within a single nucleus. 
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Fig.· 4~ Hydropericardium observed in one mallard duck dosed with 
10 lead pellets. 

Fig. 5. Kidney,from a mallard duck dosed with eight lead pellets, 
showing tubular nephrosis and cellular casts within 
distal convoluted tubules. H & E X 500 
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TABLE 22. Occurrence of histological lesions in the kidney of 18-week-old 
mallard ducks dosed with lead pellets. 

Number of 
pellets/bird 

2 

4 

6 

8 

10 

Tubular 
nephrosis 

0/3a 

l/3 

0/3 

l/3 

l/3 

Tubular 
necrosis 

0/3 

0/3 

0/3 

0/3 

1/3 

a Number of ducks with lesions/number dosed. 

b Proteinaceous casts. 

c Cellular casts. 
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Acid-fast 
inclusions 

0/3 

1/3 

l/3 

2/3 

3/3 

Tubular 
casts 

0/3 

l/3b 

2/3b 

3/3c 

l/3c 
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Fig. 6. 

Fig. 7. 

Spleen,from a control duckJdisplaying normal well developed 
follicles, prominent red pulp and many mature lymphocytes. 
H & E X 300 

Spleen from a duck, dosed with 10 lead pellets, showing 
reduced size and number of follicles, prominence of 
reticuloendothelial cells and decrease in the amount of 
red pulp. H & E X 200 
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TABLE 23. Occurrence of histological lesions in the spleen of 18-week
old mallard ducks dosed with lead or lead-iron pellets. 

Pellet Number of a Intermediate Depleted 
type pellets/bird Active spleen spleena spleena 

Lead 2 2/3b l/3 0/3 

4 2/3 0/3 1/3 

6 l/3 l/3 l/3 

8 0/3 3/3 0/3. 

10 0/3 1/3 2/3 

Lead-iron 2 2/3 1/3 0/3 

Control 0 3/3 0/3 0/3 

a Definition of these classes appears in the text. 

b Number of birds with lesions per number dosed. 
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first at the nodes of Ranvier with retraction and clumping of degen~rate 

myelin often leaving segments of bare axon (Fig. 8). The degenerating 

myelin formed darkly eosinophilic droplets on H&E stained slides (Fig. 9), 

and deeply basophilic droplets in luxol-fast-blue cresyl-violet stained 

material. Ellipsoids or digestion chambers were found, the periphery of 

which stained positively for myelin and the center remained unstained 

(Fig. 10). Axons appeared intact, but irregular axonal swelling suggestive 

of degenerative change was found in the vagus nerve of one duck. In 

severely affected birds the demyelinating process appeared to be diffuse, 

and involved the vagus, brachial and sciatic nerves (Table 24). However, 

the vagus was consistently involved more severely than were the other 

peripheral nerves. A single bird had severe neuropathy of the vagus nerve, 

but had no lesions in the brachial or sciatic nerves. 

Peripheral nerve lesions were restricted to birds dosed with eight 

and ten lead pellets, with the exception of a single duck dosed with four 

lead pell~ts, suggesting that the lesions were dose dependent. Peripheral 

nerve lesions were observed in all but one duck which had displayed clinical 

weakness. None of the birds dosed with lead-iron pellets had peripheral 

nerve lesions. 

Follicular areas of the bursa of Fabricius of a single duck dosed 

with eight lead pellets and two ducks dosed with ten lead pellets were 

~everely atrophic compared to those of control birds (Figs. 11 and 12). 

The changes were degenerative and noninflammatory. Birds dosed with 

lesser numbers of lead or with lead-iron pellets had normal bursal 

architecture. 

2.3.4 Discussion 

The rate of pellet retention and dissolution in these experiments 

was comparable to that in previous reports (Cook and Trainer, 1966; 
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Fig. 8.' Sciatic nerve,from a mallard duck dosed with 10 lead 
pellets,showing vacuolation and fragmentation of myel in 
sheaths with formation of dense droplets of myelin. 
H & E X 500 

Fig. 9. Sciatic nerve,from a mallard duck dosed with 10 lead 
pellets,displaying the formation of ellipsoids or 
digestion chambers. Luxol-fast-blue cresyl-violet X 500 
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Fig. 10. Vagal nerve teasings,from mallard duck dosed ~ith 10 lead 
pellets,showing degeneration and retraction of myelin at 
the nodes of Ranvier with the formation of dense osmophilic 
droplets. Retraction of myelin results in segments of bare 
axon. Osmium tetroxide X 400 
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Figc . 11~ Bursa of Fabricius, from a mallard duck dosed with eight 
lead pellets,showing depletion of follicular areas leaving 
only fibrous connective tissue stroma. H & E X 25 

Fig. 12 .. Bursa of Fabricius, from a contro 1 duck, showing normal 
bursae architecture. H & E X 25 

- 71 -



TABLE 24. Occurrence of histological lesions in the peripheral nerves 
of 18-week-old mallard ducks dosed with lead pellets. 

Segmental demyelination 
Number of 

pellets/bird Sciatic Brachial Vagus. 

2 0/3a 0/1 0/3 

4 l/3 1/2 l/3 

6 0/3 N.S. b 0/3 

8 0/3 N.S. 1/3 

10 2/3 l/2 2/3 

Control 0/3 0/2 0/3 

a Number of ducks with lesion 1 ~uMber examtned. 

b Nerve not studied histologically. 
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Clem~ns et !l·, 1975). The pellet retention and dissolution rates of 

lead and lead-iron pellets were not significantly different (Chi 2 test 

p>0.05), and diet had no significant effect in either pellet group. 

The retention of lead pellets in this experiment was significantly 

higher (Chi 2 test, P <.05) than was the retention of lead pellet in 

5-week-old ducks described in Experiment I, but there was no significant 

difference in the rate of dissolution of lead pellets between the two 

age groups. Mallards dosed with lead pellets in these experiments 

attained exceptionally high circulating blood lead concentration. These 

concentrations would prove acutely lethal for mammalian species, but similar 

blood lead concentrations have been reported in waterfowl by others (Barret 

and Karstad, 1971; Clemens et !l·, 1975). Despite the high circulating 

blood lead·concentration, soft tissue retention of lead in these birds 

was low. Tissue lead concentrations that are diagnostic for lead poisoning 

are not well established in waterfowl, but generally lead concentrations 

above 12 ppm in liver are considered to be indicative of poisoning 

(Coburn et !l·, 1951; Trainer and Hunt, 1965; Cook and Trainer, 1966; 

Karstad, 1971; Anderson, 1975). Lead concentrations of 20 ppm in liver 

are diagnostic of lead poisoning in cattle and 10 ppm lead in the liver 

is suggestive of lead intoxication in calves and dogs (Garner, 1970). 

The concentrations of lead in liver in birds in this experiment did not 

reach levels considered to be diagnostic of lead poisoning, despite the 

exceptionally high circulating blood lead concentrations which were 

present. This may reflect a tolerance to lead intoxication unique to 

avian species. 

The brightness and duration of erythrocyte fluorescence increased 
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as blood concentrations increased and the frequency distribution of 

erythrocyte fluorescence was similar to the temporal distribution of 

lead in the blood. The PCV did not decrease significantly despite the 

high blood lead concentrations. Bates et Q. (1968) reported that 

significant PCV decreases did not occur in lead dosed mallards until 

at least 18 days post-dosing. These authors emphasized that maturation 

arrest of erythroid elements and impairment of red cell release, rather 

than erythrocyte hemolysis, were the fundamental mechanisms of anemia 

in mallards. The life span of duck erythrocytes approaches 42 days 

(Rodnan et !1·, 1957) so that the development of anemia through erythroid 

maturation arrest may take longer than the 21 day trial period of this 

experiment. 

The gross and histological lesions observed in Experiment II.-2 

were similar to those_described in lead poisoning in other species~ with 

lesions restricted to kidney, nervous system, and lymphoid organs. The 

generalized depletion of lymphoid tissue, and in particular, depletion of 

B-cell dependent follicular areas of the spleen and bursa, suggested that 

these birds had impaired immune reactivity. The mechanism of lymphoid 

depletion is not known but the lack of necrosis suggested it may be due 

to inhibition of lymphocyte production rather than by active lymphocyte 

destruction. Concentrations of lead in spleen and bursae were not 

analyzed and no data was available in the literature, so that it is not 

known if these organs attain appreciable lead concentrations. Bates et al. --
(1968) reported lead-induced arrest of erythroid elements in bone marrow 

and Clemens et ~- (1975) observed inhibition of mitosis in the epithelium 

of the proventriculus of lead poisoned mallards. Lead might act in a 

similar manner inhibiting mitosis in areas of active lymphocyte replication. 
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The occurrence of acid-fast intranuclear inclusion bodies in renal 

proximal tubular epithelium appeared to be dose dependent. Renal proximal 

tubular epithelial cells that contained intranuclear inclusion bodies were 

usually morphologically normal. Inclusions were not present in areas where 

epithelial destruction had occurred. This supports observations by Goyer 

et ~- (1970a,b, 197lb) that inclusion body formation may have a sparing 

effect on the viability of the individual cell. 

The clinical signs of lead poisoning in waterfowl have been· 

explained traditionally on the basis of anorexia. Muscular weakness, 

proventricular impaction and pectoral muscular atrophy have been related 

to inappetance and starvation (Cook and Trainer, 1966). Clemens et ~· 

(1975} suggested the muscular atrophy was due directly to toxic effects 

of lead on muscle cells. However, the lead induced peripheral neuropathy 

observed in these experiments supports speculation by Hunter and Haigh 

(~978) that the clinical syndrome in waterfowl is neurogenic in origin. 

The presence of demyelinating lesions in vagus, brachial and sciatic 

.nerves suggests that demyelination is a rather diffuse process as was 

postulated by Fullerton (1966) in experimentally lead poisoned guinea. 

pigs. The pathogenesis of the demyelination in this experiment is not 

clear. Vascular endothelial proliferation and edema within endoneural 

compartments as suggested by Lampert and Schochet (1968) were not 

recognized in these experiments. The production of lead neuropathy in 

experimental rats and guinea pigs required continuous chronic exposure 

over a number of months (Fullerton, 1966; Lampert and Schochet,.l968). 

The severe demyelinating peripheral nerve lesions described in these 

experiments occurred within 12-15 days and may be a result of the 

exceptionally high circulating lead levels. These findings suggest that 

avian species may.be a potential model for examining the pathogenesis of 

lead induced neuropathies. 
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3.0 AVIAN CHOLERA IN WATERFOWL 

3.1 Literature review 

3.1.1 The bacterium 

Avian cholera is caused by Pasteurella multocida, a Gram-negative, 

ovoid to elongate, non-motile, non-sporeforming, bipolar bacillus 

(0.25-0.4 u by 0.6-2.5 u). The morphological variation and biochemical 

properties of~- multocida have been reviewed by Carter (1967), Heddleston 

(1975b) and Hussaine (1975). In general, ~- multocida grovs as an aerobe 

or facultative anaerobe on a variety of culture media at an optimum 

temperature of 37C and pH of 7.2 (Carter, 1967). Colonial growth 

in vitro may take several forms summarized in Table 25. Colonial 

morphology, mouse virulence and typability of~- multocida are closely 

linked to the presence or absence of a capsule. Smooth-rough colonial 

variation can occur after subculturing in vitro, resulting in loss _of 

the capsule and a subsequent-decrease in virulence (Carter, 1957, 

Heddleston, 1972). Virulence can be restored by animal passage 

(Heddleston, 1972). ~- multocida can be isolated from heart blood, 

bone marrow and all visceral organs of birds dying of the septicemic form 

of avian cholera and from localized lesions of birds affected ~ith a 

chronic form of the disease. The bacterium can be seen on blood or fresh 

tissue smears stained with methylene blue, Gram stain, Giemsa stain or 

carbol-fuchsin stain. The presence of a capsule can be demonstrated wi-th 

celcion blue, India ink or nigrosin stains (Carter, 1957). The biochemical 

characteristics, which differentiate P. mult6cida from other avian 
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TABLE 25. Colonial morphology and smooth-rough variation of P. multocida 
cultures· on agar media (adapted from Collins, 1977T. 

a 

b 

c 

d 

e 

Colonial 
morphology Capsule 

Mucoid 

Smooth 
irridescent 

. Smooth granular 
or non-irridescent 

Rough 

+ ~ capsule is present. 

+ - bacterium is typable. 

d 

d 

+ - capsule may or may not be 

- - capsule is not present. 

bacterium is not typable. 

present. 

- 77 -

Mouse 
virulence 

High 

High 

Variable 

Low 

Typable 

e 

e 



species, are summarized in Table 26. Broth culture of E· multocida 

stored at room temperature remained viable for 2 years and lyophilized 

cultures kept at -23C retained their virulence for 26 years (Heddleston, 

1972). However, f.. multocida is readily destroyed by heat (60C for 10 

minutes) and by a variety of common disinfectants (Heddleston, 1972). 

3.1.2 Classification of P. multocida 

f.. multocida was classified originally according to the species from 

which it was isolated, for example, f.. aviseptica. This zoological 

classification proved inadequate as cross-reactions occurred among 

isolates. There are currently two methods for classification of 

f.. multocida, each of which is based on a different technical approach. 

As well, many non-encapsulated forms defy available serotyping methods 

and are classified as untypable. Carter (1955) developed a hemagglutination 

test and identified four serotypes of P. multocida based on the presence 

of capsular antigens A, B, C and D. An additional capsular antigen (E) 

was identified later (Carter, 1963). Type C has been dropped from the 

classification so that four capsular antigens A, B, D and E are now 

recognized. Destruction of the capsule using hydrochloric acid 

(Namiska, 196lc) .or hyaluronidase (Carter, 1972) unveiled somatic "0" 

antigens. At least 11 specific "0 11 antigens have been recognized 

(Namiska and Bruner, 1963) and many P. multocida isolates may contain 

multiple somatic antigens (Namioka and Minata, 196lb). A new classification 

system combines both the capsular antigen type of Carter and the somatic 

antigens types of Namioka (Table 27). Type A and occasionally type D 

capsular antigens have been present consistently in avian cholera outbreaks. 
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TABLE 26. Differenti~l characteristicsa of the Pasteurellae species of avian origi~ (adapt~d from 
Heddleston, 1975b) 

Test P. multocida P. gallinarum 

Arabinose -u b -
Dextrin -U +c 
Dulcitol -U 
Fructose + + 
Galactose + + 
Glucose + + 
Glycerol +U + 
Inositol - v 
Inulin 
Lactose -U 
Maltose . - + 
Mannitol + 
Mannose + + 
Melibiose 
Raffinose -U + 
Rhamnose -U 
Salicin 
Sorbitol +U v 
Sucrose + + 
Trehalose -U +U 
Xylose +U 
Gelatin 
Hemolysis 
H2S +U +U 
lndol + 
Litmus milk 
MacConkey 
Motility 
Methyl red 
Nitrate ·reduction + + 
Urease 
a U = typical reaction. V = variable reaction. 
b - No growth or reaction. 
c + growth or reaction. 

P. haemolytica 

-U 

+ 
+ 
+ 
+ 
+U 

+U 
-u 
+ 
+ 

v 

+ 
+ 
+U 
+U 

+ 
+U 

slightly acid U 
+U 

+ 

P. anatipestifer 

+U 

-U 
slightly alkaline 

v 



TABLE 27. Antigenic structure and virulence off_. multocida strains (adapted from Collins, 1977) 

Capsular Somatic Carter 

Host association 11 k11 antigen 11 0 11 antigen Serotype Mouse Lo50 
a Chicken Lo50 

a 

Swine and mouse A 1 1 :A 1-2 72 X 105 

Swine A 3 3:A Low virulence 

Fowl, turkey, 
duck, swine A 5 5:A 1-5 10-50 

Cattle A 7 7:A 5xlo1-lo3 Low virulence 

Cattle A 8 8:A High virulence 

Turkey A 9 9:A High virulence 
co 
0 

5xlo1-loe Cattle B 6 6:8 Low virulence 

B 11 11 : B Low virulence 

Swine D 1 1 :0 

Swine, fowl 0 2· 2:0 Low virulence 

Cat, dog 0 3 3:0 10-80 

dog 0 3 3:0 106-108 

Sheep, swine 0 4 4:0 

Swine 0 10 10:0 

Cattle E 6 6:E 

a Numbers of organisms. 



Other capsular types also have considerable species specificity, 

supporting in part the original zoological classification. 

Heddleston (1962) developed a classification system utilizing 

cross-protection tests in chickens, and identified four common serotypes 

of avian E· multocida, (1, 3, 4 and 5), based on known reference strains 

X-73, P-1059, P-1662 and P-1702, respectively. Heddleston's serotype 1 

corresponds to Carter's Serotype S:A (Collins, 1977) but the relation-

ship among other serotypes is unclear. 

The infectivity of E· multocida depends upon the serotype and 

virulence of the bacterium, the method of exposure, the size of the 

exposure dose and the susceptibility of the bird (Heddleston, 1972, 

1975b). Heddleston's serotype 1 (Carter's S:A, reference strain X-73) 

is highly pathogenic for chickens and turkeys. Injection of 102-103 

bacteria intravenously or 104 organisms intramuscularly killed mature 

chickens within 48 hr (Heddleston, 1975b). Heddleston's serotype 3 

(reference strain P-1059, likely Carter's Serotype 8:A) was equally 

pathogenic when injected into turkeys and mature chickens but spread 

less rapidly than did serotype 1 in flocks under cohabitation exposure 

(Heddleston, 1975b). Carter's serotype 9:A was highly virulent for turkeys 

and serotype 2:0 had low virulence for all avian species (Collins, 1977). 

3.1.3 Reported species involvement 

Most species of birds are susceptible to infection byE· multocida. 

Jaksic et ~- (1964) a·nd Rosen (1971) have reviewed the occurrence of 

pasteurellosis in over 50 species of wild birds. The disease in domestic 

poultry has received most attention. Outbreaks in p~ultry may occur 

either as an acute septicemic disease with high morbidity and mortality, 
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or as a chronic localized disease with low morbidity. Acute outbreaks 

are usually associated with Pasteurella serotypes of high virulence, 

whereas chronic disease is caused by organisms of low virulence with 

a marked capability to persist and localize. Outbreaks in wild birds 

have been repor~ed in all North American flyways. Waterfowl are most 

commonly involved but sporadic cases involving a wide range of other 

avian species have been reported (Table 28). 

Outbreaks involving waterfowl are frequently of massive proportions 

(Table 29). Losses in an outbreak in 1965-66 in California reached 70,000 

birds (Rosen, 1972). In Chesapeake Bay, 88,000 birds died in 1970 

(Bellrose, 1976). The disease is enzootic in waterfowl wintering in 

north central California and the Mule Shoe Refuge of Texas. Most out

breaks of pasteurellosis occur on recognized wintering areas during the 

late fall, winter and early spring~ Reed and Cousineau (1967) reported 

a die-off in nesting colonies of common eider ducks (Somateria mollissima) 

on the St. Lawrence River. The reported mortality in snow and Ross' 

geese midway in their spring migration to their Canadian Arctic nesting 

grounds (Wobeser et ~· , 1979) s ugges 1S that cho 1 era l.s not confined to 

crowded wintering areas,but might also be present on the breeding sites. 

3.1.4 Factors precipitating avian cholera outbreaks 

The factors that precipitate an avian cholera epiornitic are obscure, 

but at least three factors appear to be necessary: (1) a concentrated 

population of susceptible birds, (2) some source of infection, and 

(3) some trigerring stressor. 

3 . 1 . 4 . 1 Stress 

There is evidence that pasteurellosis in birds is precipitated 

by some stressor such as capture, adverse weather conditions or over-
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1ABLE 28. Wild avian species, other than waterfowl, reported to have 
died of avian cholera. 

Order 
Passiformes 

Galliformes 

Common Crow (Corvus brach~r. hynchos) 
Robin (Turdus mi ratorius) 
Common. Grackle Quiscalus Jrascula) 
Starling (Sturnus vulgaris 
Baltimore Oriole (Icterus golbula} 
Evening Grosbeak (Hesperiphora respertina} 
Cedar Waxwing (Bombycilla cedorum) 

Ruffled Grouse (Bonasa umbellus) 

Ring-necked Pheasant (Phasianus colchicus) 

California Quail (Lophortyx californicus) 

Strigiformes 

Falciformes 

Short-eared Owl (Asia flammaus) 
Snowy Owl (Nfctea-standiaca) 
Screech Owl O~us asia) 

Golden Eagle (Aguila chrysaetos) 
Sparrow Hawk (Falco sparvevius) 
Bald Eagle (Haliaetus 1eukocephalus) 
Marsh Hawk (Circus cyaneus) 

Charadriiformes 

Gruiformes 

Gulls (Larus sp.) 

Northern Phalarope (Lobipes lobatus) 
Least Sandpiper (Erolia minutilla) 

American Coot (Fulica americana) 

Sandhill Crane (Grus canadensis) 

Ciconiiformes 
Great Blue Heron (Ardea herodias) 

Podi cipedi·formes 
Eared Grebe (Podiceps caspicus) 
Pied-billed Grebe (Podilymbus podiceps) 
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Zinkl et al. (1971) 
Bivins\""1955) 
- (1955) 

Bivins (1953) 
Faddoul et al. (1967) 
-·- (1967} 

Locke and Banks (1972) 

Green and Schillinger 
( 1936) 

Hudson (1944) 
Rosen and Morse (1959) 
Faddou1 et a1. (1967) 
Hinshaw andlEm1en 

( 1943) 

Rosen and Morse (1959) 
Hunter (1967) 
Faddou1 et ~· (1967) 

Rosen (1973) 
Rosen (1967) 
Rosen (1972) 
Rosen and Morse (1959) 

Rosen and Bischoff 
(1949) 

Rosen and Morse (1959) 
Rosen (1972) 
Rosen (1949) 
Rosen and Bischoff 

(1949) 

Rosen and Bischoff 
( 1949) 

Petrides and Bryant 
( 1951 ) 

Rosen and Morse 
(1959) 

Vaught et al. (1967) 
K1ucas andlocke 

. (1969) 
Rosen {_1972) 
Zinkl et ~- (1977) 

Rosen and Bischoff 
(1949) 

Rosen (1967) 
Zink1 et ~- {l977) 



o:> 
+:::> 

Location 
(flyway) 

California 
(Pacific) 

Texas 
(Central) 

Maine 
(Atlantic) 

TABLE 29. Species and numbers of birds dying in avian cholera epiornitics 
in North American waterfowl. 

Year Species # of birds dead· Reference 

1944-45 
1948-49 

1955-56 

1958-59 

1965-66 

1968-69 

1970-71 

1944-45 

1947-48 

1949-50 

1963-64 

mallard, pintail, American wigeon, American coot, all 
species ducks, geese, gulls, phalarope, blue heron, tern, 
sandpiper and cat 

mainly whistling swan 

American coot, American wigeon, snow geese, gull, pheasant, 
short-eared owl, marsh hawk, meadow mice, white-footed 
mice, weasel 

(not reported) 

American wigeon, pintail, mallard, green-winged teal, 
American coot 

ducks, 'American coot, lesser snow geese, whistling swan, 
Ross' geese, white~fronted geese, cackling geese, shore 
birds, sandhill crane, gull, bald eagle 

rna 11 a rd , pi n ta i 1 

(not reported) 

mallard, pintail, American wigeon, green-winged teal, muddy 
duck, Northern shoveler, American coot, lesser scaup, various 
geese 

common eider 

20,000 
40 ;000 

8,000 

70,000 

1,238 

37,000 

300 

36,000 
4,400 

200 

Rosen (1959) 
Rosen and 
Bischoff (1950) 

Rosen and Morse 
(1959) 

Rosen (1972) 

-- (1972) 

-- (1972) 

Quortrup et ~.(1946 

Petrides and 
Bryant (1951) 

(continued) 



co 
U1 

Location 
(flyway) Year 

Missouri 1967-68 
(Mississippi) 

Chesapeake Bay 1970 
(Atlantic) 

Florida 
(Atlantic) 

Nebraska 
(Central) 

Saskatchewan 
(Central) 

1970 

1975 

1977 

1977 

Species 

mallard, white-fronted geese, green-winged teal 

old squaw, white-winged seater, buffle-head, 
whistling swan, black seater 

American coot 

white-fronted geese, Canada geese, snow geese, mallard, 
pintail, American wigeon, gadwall, Northern shoveler, 
green-winged teal, blue-winged teal, wood duck, lesser 
scaup, redhead, canvasback, ring-necked duck, bufflehead, 
ruddy duck, American coot, pied-billed grebe, common 
merganser, shandhill crane 
crow 

mallard 

snow geese, Ross' geese, Canada geese, American 
wigeon, redhead 

# of birds dead Reference 

7,000 Vaught et al. 
(1967) --

88,000 

6,000 

25,000 

3,000 

20,000 

250 

Bellrose (1976) 

Klucas and Locke 
( 1969) 

Zinkl et al. (1977) 

'------ ( 1975) 

Wobeser et al. 
(1979) --



crowding. A die-off in quail diagnosed as avian cholera was precipitated 

by trapping and shipment of the birds (Hinshaw and Emlen, 1943). Rosen 

and Bischoff (1949), Rosen and Morse (1959) reported that waterfowl die-

offs in California often followed a period of cold weather. Drought 

conditions, producing overcrowding of waterfowl have precipitated avian 

cholera outbreaks in California (Rosen, 1969) and Texas (Klucas and 

Locke, 1970). Vaught et ~- (1967) attributed an outbreak of avian 

cholera in waterfowl in Missouri to poor management of water ~evels and 

resultant overcrowded condit"ions. Petrides and Bryant (1951) found that 

the occurrence of avian cholera die-offs correlated positively with high 

waterfowl population densities and low water levels. Wind has been suspected 

of being an initiating factor in avian cholera epiornitics (Petrides and 

Bryant, 1951). However, the authors were unsure whether the apparent 

increased mortality _on windy days was real, or was due to more efficie~t 

data collection as carcasses were blown to one end of the ponds. Rosen 

and Bischoff (1950) reported -that rainy· weather precipitated outbreaks 

in domestic poultry. Eveleth et ~- (1949) found that experimentally 

inoculated poultry succumbed to normally sublethal doses oft. multocida 

if food was withheld for 48 hr. Rosen and Bischoff (1949) suspected that 

a similar mechanism may affect waterfowl deprived of food because of adverse 

weather conditions. Petrides and Bryant (1951) suggested that wintering 

waterfowl consuming primarily corn, were marginally nutritionally deficient 

and thus more susceptible to disease. 

3.1.4.2 Source of the bacterium 

The source of P. multocida is unknown, but carrier birds may be 

involved. Harshfield (196_5) reported tnat resistant birds carried the 
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organism in their nasal cavity and acted as potential sources of infection 

for other birds. Prichet and Hughes (1932) isolated E· multocida from 

the respiratory tract of clinically normal chickens and Olsen et tl· 
(1966) reported chronically infected carrier turkeys. Quortrup et !l· 
(1946) reported that avian cholera occurred in a flock of domestic ducks 

housed w1th a wild mallard that had recovered from a previous E· multocida 

infection. Rosen. and Bischoff (1949) cited a report from the Netherlands 

in which domestic poultry were reported to have been infected by a flock 

a free-flying wild ducks. Vaught et tl· (1967) cultured P. multocida 

from liver of apparently normal American coots, and suggested that this 

species must be a carrier. The cholera outbreak in snow and Ross' geese 

in mid-migration (Wobeser et !l·, 1979) strongly supported the concept 

of carrier birds. However, Donahue and Olson, (1969) found that none 

of 400 waterfowl tested carried P. multocida in their nasal clefts, and 

only 2 of the 400 birds had agglutinating antibody titers to f.. multocida. 

Rosen and Bischoff (1959) reported that an avian cholera outbreak 

in waterfowl occurred in an area where, 9 months previously, carcasses 

of avian cholera-killed birds had been buried. The authors speculated 

that soil contamination acted as the source of infection. However, this 

seems unlikely as Harshfield (1965) reported that under optimum conditions 

P. multocida can survive for 3 months in soil, 1 month in manure and for 

2 weeks in ice. Rosen and Bischoff (1950) were able to culture f.. 

mu1tocida from soil after 4 months but the bacterium was avirulent at 

that time. 

Several authors (Rosen and Bischoff, 1950; Rosen and Morse, 1959; 

Petrides and Bryant, 1951} have speculated that rodents and gulls may 

disseminate P. multocida. Garbage dumps near outbreak sites contaminated 
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with offal from poultry houses could serve as a potential source of 

avian P. multocida. Gulls and ~odents feeding on this cont~minated 

material could become infected and serve as carriers. Mice suffer high 

mortality after~- multocida challenge but the rat (Rattus norvegicus) 

is very resistant (Petrides and Bryant, 1951} and could act as a reservoir 

species. 

American coots were the index species in several avian cholera 

outbreaks in waterfowl (Rosen and Bischoff, 1950; Rosen and Morse, 1959; 

Klucas and Locke, 1969). It has been postulated that the coprophagic 

habits of coots, feeding on potentially contaminated gull feces, might 

result in American coots being exposed. The 1958 avian cholera outbreak 

in California coincided with a population eruption of meadow mice 

(Microtus montanus) and whi tefooted mice ( Peromyscus sp.) .. Some of these 

rodents were found dead of a hemorrhagic disorder caused by f.. multocida. 

It was not determined if infected rodents had initiated the waterfowl 

die-off, but gulls, owls, marsh hawks and a weasel (Mustela sp.) found 

dead of pasteurellosis had mouse remains in their stomach (Rosen and 

Morse, 1959}. 

The· infection spreads through waterfowl populations by one or more 

of the following ways: 

(1) direct bird to bird contact via aerosol droplets, as Heddleston 

(1975b) described in cohabitation studies with poultry. 

(2) oral infection from contaminated water. Pabs-Gagnon and 

Soltys (1971) reported turkey losses were·caused by contaminated 

water supplies. Rosen (1972} showed that water contaminated 

by carcasses of American coots that died of avian cholera, was 
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infective for 3 weeks for laboratory mice. 

(3) oral infection by eating contaminated invertebrates or 

arthropods infesting dead carcasses, in a manner similar to 

that described for the dissemination of botulism (Hunter, 

1970; Harihan and Mitchell, 1977). Quortrup et ~- (1946) 

recovered f.. multocida from Dermanyssus mites infesting 

carcasses of ducks dead of avian cholera. 

3.1.4.3 Species vulnerability to infection with f. multocida 

There are definite species and age differences in vulnerability to 

avian cholera among domestic poultry. Turkeys suffer higher mortality 

to avian cholera than do chickens. Older chickens have higher mortality 

than do younger chickens, and young turkeys have higher mortality than 

do older turkeys (Bond and Olson, 1974; Heddleston, 1975b). 

Biologists have observed different mortality patterns among water

fowl species dying of avian cholera. Few experimental data are available, 

but Rosen (1969) found that a four times larger challenge dose of f.. 

multocida was required to kill gulls than was needed to kill American 

coots. Wobeser et ~- (1979) found that mallards, American coots, 

pintails and domestic chickens (both immature and adult) all succumbed 

to intra-airsac and nasal swab challenge with as few as 2-10 f.. multocida 

isolated from dead snow geese. Vaught et ~- (1967) reported that Canada 

geese were quite resistant to P. multocida infection. 

Mortality data from California and Texas indicate that dabbling 

species (eg.·mallard) accounted for the grea~est overall mortality, but 

the relative frequency of mortality by species varied from outbreak to 

outbreak. In the 1949-50 outbreak in Texas, the greatest relative 
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mortality occurred in green-winged teal, lesser scaup, American coots, 

ruddy ducks and American wigeon in order of decreasing frequency 

(Petrides and Bryant, 1951). During the 1968 die-off at TuleLake 

Refuge, Caltfornia American wigeon had the highest mortality, followed 

by pintails, green-winged teal., American coots and the mallard. During 

the 1958 die-off at the same location in California (Rosen and Morse, 

1959) American wigeon were the most vulnerable, followed by snow geese, 

gulls and American coot. Species vulnerability can apparently change 

from year to year. Rosen (1969) reported that swan mortality in 1962 

was 5.6% of the local population compared to duck losses of 0.14%. In 

the same area~in 1969, swan losses were only 0.47%, while duck losses 

reached 2.5%; despite comparable population densities and weather 

conditions in the two years. 

Avian scavengers seem to be more resistant to infection than are 

waterfowl. Klucas and Locke (1970) reported heavy scavenging on cholera

infected carcasses by turkey vultures (Cathartes auva), black vultures 

(Coragyps. atratus), bald eagles, ·crows, black birds (Ayelarius phoeniceus) 

and a wide range of reptiles and mammals without any observed mortality. 

However, Rosen and Morse (1959) reported relatively heavy mortality in 

short-eared owls and marsh hawks in the area of an avian cholera outbreak. 

Scavenging on dead carcasses has led to sporadic m()rtality of bald eagles 

(Rosen, 1973), snowy owls (Hunter, 1967} and the common crow (Zi nkl et ll·, 

1977). 

It is difficult to establish species susceptibility differences by 

analysis of field data. A complex of factors including differences in 

species, feeding behaviour, food availability, local population density, 
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wind direction and velocity all appear to interact to change the nature 

and course of an epiornit~ic. In general, dabbling species received the 

most exposure, as shoreline areas are contaminated by dead birds floating 

to shore, and by moribund birds attempting to reach shore to avoid drowning. 

Diving ducks usually receive less exposure as they tend not to inhabit the 

heavily contaminated shoreline areas. 

Although outbreaks of avian cholera have been monitored routinely 

from a biological standpoint, the causative bacterium, ~- multocida has 

been inadequately studied. Most waterfowl outbreaks where the bacterium 

has been serotyped have been caused by Heddleston•s Serotype I (reference 

strain X-73} (Petrides and Bryant, 1951; Rosen, 1972; Zinkl et ~-, 1977). 

Th~ bacterium isolated from the 1948-49 die-off (Ro~en and Bischoff, 1949) 

was tentatively serotyped as Heddleston•s Serotype 3 (reference strain 

P-1 059). The die.:. off reported by Faddoul et ~- ( 1967) i nvo 1 vi ng· 

passerine birds and pheasants was caused by~- multocida type 3. The 

various serotypes of P. multocida vary considerably in their virulence 

and it would not be surprising to see different epizootiological 

patterns occurring· in avian outbreaks caused by different serotypes. 

3.1.5 Clinical manifestations of avian cholera 

During the initial stages of acute cholera outbreaks clinical 

signs were seldom seen. Quortrup et ~- (1946) described birds as being 

either i•healthy 11 or dead and stated that some birds appeared healthy 

10 minutes prior to death. Experimentally infected chickens had cyanosis 

of the comb, droopy wings, drowsiness and occasionally dyspnea 

(Quortrup et ~-, 1946}. Losses of hundreds of apparently hea 1 thy 

waterfowl have occurred overnight (Vaught et ~., 1967; Klucas and 

Locke, 1970) with birds found dead in a sitting position, their crops 
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full of grain suggesting they were well enough to for.age just prior to 

death. Zinkl et ~- (1977) observed sick waterfowl resting on their 

sternum and having terminal convulsions. As outbreaks progress an 

increased number of sick birds have been seen with abnormal flight 

patterns (Rosen and Bischoff, 1950; Zinkl et !l·' 1977). Misjudged 

landings and circling behavior may be a consequence of chronic f_. 

multocida localization in the middle ear. Rosen and Bischoff (1949, 

1950) suggested that as an epiornitic progressed, the virulence of 

the bacterium may decrease, resulting in survivors with chronjc lesions. 

However, they were unable to experimentally alter the virulence of the 

organism after 50 successive passages through coots. 

3.1.6 Pathology of avian cholera 

3.1.6.1 Acute form 

The acute form of avian cholera is characterized by lesions of a 

hemorrhagic septicemia, although in peracute cases death may precede 

the formation of lesions. Widespread vascular alterations with petechial 

hemorrhages over the myocardium and most serosal surfaces have been 

described in chickens (Rhoades, 1964) and waterfowl (Hudson, 1944; 

Quortrup et ~., 1946; Rosen and Bischoff, 1949; Gritman and Jensen, 

1965; Vaught et !l· , 1967; Z i nkl et ~- , 1977; Wobeser et !l· , 1979). 

Frank hemorrhage into the intestinal tract was reported in ducks (Vaught 

et !l· , 1967), pheasants (Hudson, 1944} and various passerine species 

(Faddoul et ~., 1967). Pigeons and chickens inoculated with f_. multocida, 

isolated from dead coots, developed a hemorrhagic typhlitis (Raggi and 

Stratton, 1954). Chickens challenged with isolates of P. multocida 
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from chickens, developed general.ized passive congestion throughout the 

viscera, but had few areas of actual hemorrhage (Rhoades, 1964}. A 

catarrhal enteritis with no evidence of hemorrhage was described in 

California quail (Hinshaw and Emlen, 1943) and in snow and Ross' geese 

(Wobeser et al., 1979). The liver of affected birds may be of normal --
size (Rhoades, 1964} or swo 11 en and mott 1 ed ( Gri tman and Jensen, 1965) . 

Multiple focal areas of necrosis, varying in size from pinpoint to several 

em, were seen commonly in chickens and waterfowl (Hudson, 1944; Quortrup 

et ~·, 1946; Rhoades, 1964; Vaught et ~·, 1967; Zi nkl et ~·, 1977; 

Wobeser et ~., 1979) and appeared histologically, as areas of acute 

coagulation necrosis with little or no associated inflammatory reaction. 

Bacteria have been found within the necrotic foci (Zinkl et ~., 1977). 

The lungs were congested and contained areas of focal pneumonia characterized 

by necrosis, fibrin, and cellular exudation (Zinkl et ~., 1977). The 

spleen was usually described as normal but several authors reported the 

occurrence of a swollen mottled spleen and histological evidence of 

necrosis and destruction of splenic follicles (Faddoul et !1·, 1967; 

Zinkl et ~·, 1977; Wobeser et ~·, 1979}. Rhoades (1964) described 

necrosis of hematopoietic cells in bone marrow of chickens inoculated 

with P~ multocida. 

Acute mortality and lesions of a hemorrhagic septicemia have been 

produced experimentally in chickens challenged with cell-free endotoxin 

from f.~ multocida (Heddleston and Rebers, 1975), suggesting that the 

lesions of acute avian cholera may be due to massive endotoxemia. 

3.1.6.2 Chronic form 

The chronic form of avian cholera is common in chickens and turkeys. 

The chronic disease has not been described in waterfowl;. however, Rosen 
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and Bischoff (1949, 1950) described American coots with abnormal flight 

patterns and misjudged landings suggestive of middle ear infections. 

Chronic cholera was described recently in common crows.(Zinkl et ~., 

1977}. Turkeys infected with Heddl eston 's serotype 3 (reference strain 

P-1059} commonly develop a cranial form of avian cholera with invasion 

off_. multocida into the middle ear and air cavities of the spongy porti.on 

of the bones of the ca lvari urn (0·1 son et ~- , 1966). Caseous exudation 

in the middle ear exerted pressure on tympanic membranes and caused clinical 

evidence of incoordination (Olson et ~-, 1966). Olson et ll· (1966) 

reported extension of infection from the middle ear into the meninges 

producing a fibrinous meningitis which resulted in areas of demyelination 

of the medulla ·~and spina 1 cord. 

Chronic lung lesions were common in turkeys and were associated with 

dypsnea and· catarrhal nasal exudate (Harshfield, 1965). Air sac membranes 

of turkeys infected with f_. multocida, were thickened, opaque, contained a 

caseous yellow exudate and the infection often extended into the bones 

(Heddleston, 1972). Fibrinous pleuritis and diffuse focal pneumonia was 

reported in crows (Zinkl et !l·, 1977). 

Thorp et !l· (1931) reported suppurative arthritis of the coxofemoral 

joints and osteomyelitis of the femur in turkeys that died of avian cholera. 

Heddleston (1972) observed caseous arthritis in the hock joints and sternal 

bursa of turkeys challenged with f_. multocida. Bivins (1953) inoculated 

experimental chickens intramuscularly with·p_. multocida, isolated from 

starlings, and produced a caseous synovitis and arthritis in the hock 

joints. Harshfield (1965} and Heddleston (1972) reported that E· 
multocida localized in the wattles and comb of chickens and was capable 

of causing rupture and 11 abscessation" of the oviduct and ovaries. 
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The lack of reports of chronic avian cholera in wild birds may be 

explained by one or more of the following: 

(1} a highly virulent serotype of.!:_. multocida may be involved 

in waterfowl die-offs. Wobeser et !l· (1979) reported acute 

mortality in several avian species challenged with only 2-10 

bacteria isolated from an avian cholera die-off involving 

snow geese. 

(2} waterfowl may be•inaive"with respect to certain serotypes of 

.!:_. multocida. A serological survey (Donahue and Olson, 1969) 

for.!:_. multocida antibodies in waterfowl revealed that only 

2 of 400 waterfowl tested had evidence of previous exposure 

to P. multocida. 

(3) waterfowl may be very resistant to infection with P. multocida 

serotypes commonly associated with chronic disease. Heddleston•s 

serotype 3 (reference strain P-1059) was isolated from various 

passerine birds with lesions of chronic avian cholera (Faddoul 

et ~-, 1967). A f... mul toci da suspected of being serotype 3, 

but not identified conclusively, was isolated from a single 

die-off of American coots that displayed abnormal flight 

behavior (Rosen and Bischoff, 1943); however, lesions were not 

described. 

(4) chronically debilitated birds, being more vulnerable to predation, 

may be removed from the population by predators before they are 

located by man. 

(5) chronic infections may be missed by the sampling procedures 

used by investigators. 
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3.1.7 Impact of avian cholera 

Waterfowl populations have tended to remain quite stable over the 

last 10 years regardless of focal epiornitics of avian cholera (U.S. 

Migratory Game Bird Briefing Book, 1975). Dabbling species suffered 

the greatest mortality during avian cholera die-offs, but their 

tremendous reproductive capacity enables them to recover from losses 

sustained by disease. In the future this may change, and as waterfowl 

concentrations increase due to habitat destruction, infectious diseases 

may play a more important role in population dynamics. At present, the 

real danger lies in the potential irreparable harm to rare and endangered 

species. Rosen (1972) described the loss of 7.5% of the Ross' goose 

population and 13% of the wintering whistling swan population in the 

1970-71 California die-off. Trumpeter swans (Cygnus buccinator) have 

died in avian cholera epiornitics (Gritman and Jensen, 1965) and their 

wintering areas are uncomfortably close to enzootic areas in California. 

Zinkl et ~· (1977) reported that whooping cranes (Grus americana) 

were present,_but not involved in the epiornitic in Nebraska in 1975; 

however, mortality was reported in the closely related sandhill crane. 
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3.2 Experiment III: Infection trials with Pasteurella multocida 

(P-19781-2) in mallard ducks 

3.2.1 Rationale 

Pasteurellosis is the most important infectious disease of waterfowl; 

however, the lesions associated withE· multocida infection in mallard 

ducks have not been described adequately. The objectives of experimental 

infection trials I through V were to: 

(1) establish a reproducible lethal dosage of~- multocida for 

mallard ducks challenged by airsac inoculation 

(2) determine the clinical manifestations of P. multocida infection 

in mallard ducks 

(3) study the pathogenesis of E· multocida infection in mallard 

ducks 

(4) determine the gross and microscopic changes of lethal and 

sublethal exposure to ~- multocida in mallard ducks . 

. 3. 2. 2 Materia 1 s and methods 

3.2.2.1 Experimental birds and management 

Day-old mallard ducks were obtained1 and raised in the same manner 

as were the birds in Experiments I and II. At 5 weeks of age consecutive 

infection trials with~- multocida were undertaken. Two replicates of 

Trial I were performed using 5-week-old birds. Trials II through V 

utilized older birds (Table 31). All infection trials were done in a 

separate isolation room. Birds were housed in cages as described in 

Experiment I, and birds that received different dilutions of bacteria 

were kept in separate cages. 

1 Dr. J.L. Shapiro, Avian Behavior Laboratory, Department of Psychology, 
University of Manitoba, Winnipeg, Manitoba, Canada. 
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3.2.2.2 The bacterium 

An unserotyped isolate of f.. multocida identified as P-19781-2, 

and originally isolated from domestic ducks, was obtained in lyophilized 

form2. The culture was reconstituted in Brian Heart Infusion broth (BHI), 

incubated aerobi·ca lly for 24 hr at 37C, and passaged through 1 aboratory 

mice to ensure virulence. An isolate from the spleen of one mouse was 

grown in BHI for 24 hr at 37C and portions of this culture were inoculated 

into serum vials containing litmus milk. These aliquots were frozen 

immediately at -70C. For each trial, one aliquot was thawed, inoculated 

into BHI and incubated at 37C for 24 hr. After incubation, the broth 

culture was diluted immediately by serial 10 fold dilutions in BHI and 

appropriate dilutions were used for duck inoculation. The number of 

bacteria in each dilution was determined by parallel plate count. The 

number of bacteria in each dilution varied somewhat from trial to trial. 

After trial I was completed a malfunction occurred in the -70C 

freezing unit resulting in the thawing of the frozen aliquots. P. multocida 

was recovered from the thawed vials, grown in BHI and passaged through 

laboratory mice to ensure the virulence of the bacterium. Aliquots of 

~· multocida were prepared in litmus milk as previously described, frozen 

at -70C and used as inocula for trials II through V. 

Ducks were challenged by inoculation of 0.5 ml of the appropriate 

dilution of bacterial culture into the right abdominal air sac using a 

tuberculin syringe and a 22g, 3.8 em needle. Control birds were inoculated 

in the same way with 0.5 ml of sterile saline and housed in a separate 

room. 

2 Dr. Jessie Price, Long Island Duck Research Laboratory, Long 
Island, New York. 
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3.2.2.3 Experimental design 

The challenge schedule for each trial, including the age of the ducks 

used and the number of bacteria inoculated as determined by parallel plate 

counts, is shown in Tables 30 and 31. One bird from the group which 

received the· highest number of bacteria within each trial was bled prior 

to bacterial· challenge and at 12, 24 and 48 hr after inoculation. Blood 

smears were prepared, stained with methylene blue and examined micro

scopically for the presence of bacteremia. Ducks were observed for 

clinical signs of E· multocida infection and all birds that died were 

necropsied as soon as possible after death. Mortality, time to death 

and the distribution of lesions was recorded. At 1 week post-infection 

(p. i.) surviving birds were killed by intravenous injections of a 

saturated barbiturate solution1 and necropsied immediately. Smears of 

heart blood stained with methylene blue were prepared from each duck 

and examined for the presence of bacteria. 

3.2.2.4 Analytical methods 

Samples of major organs were taken from all birds in Replicate A 

of trial I and from any birds that had gross lesions in subsequent trials. 

Tissues were fixed in 10% neutral formalin, embedded in paraffin, sectioned 

and stained with H&E for light microscopic examination. Assessment of 

histologic sections was done in "a blind 11 manner as described in 

Experiment I. Special stains including Gram stain, Van Kassa stain, 

Chadwints Phosphotungsten acid hematin (PTAH} stain, Lendrum•s Acid 

Picro Mallory stain, Martin's-scarlet-blue stain and Masson's trichrome 

stain w~re used as required.· 

1 Lethal, Hoescht Pharmaceuticals, Montreal, P.Q., Canada. 
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Selected tissues were submitted to the Department of Veterinary 

Microbiology, Western College of Veterinary Medicine, for microbiologic 

culture. Identification of P. multocida was made on the basis of in 

vitro biochemical reactions. 

3.2.3 Results 

3 . 2 . 3 . 1 - ~1o rta 1 i ty 

In general, there was a direct relationship between mortality and 

numbers of bacteria inoculated, but there was a large amount of variability 

in the response to infection {Tables 30 and 31). With the exception of a 

single bird in Replicate A of trial I there was no mortality among birds 

challenged with fewer than 106 bacteria. r~ortality was significantly 

higher among 5-week-old mallards than among birds older than 9 weeks of 

age {Chi 2- test, P < .05). Birds 18 weeks ~f age withstood challenge of 

-109 bacteria without mortality. 

3.2;3.2 Clinical observations 

Infected birds died acutely and those that were observed prior to 

death were severely depressed, anorectic and lethargic. Sick birds lay 

trembling in sternal recumbency and a tenacious mucoid fiuid discharged 

from the nares and mouth. Heavy growth of f.. multocida was· isolated from 

this mucoid discharge. Death was observed in three ducks. All three 

ducks sat trembling with their wings outspread, exhibited opisthotonus 

and died in a terminal clonic spasm. Two of the birds remained in this 

position {_Fig. 13) and rigor mortis appeared to occur immediately. The 

cloacal temperature of these birds just prior to death was 43, 44 and 

44.5C, respectively. 
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TABLE 30. Experiment III Experimental design and results of infection of 5-week-old mallard 
ducks with Pasteurella multocida (P-19781-2)a. 

Number of birds 
Number of Number of Number of Time to with bacteria in 

Trial I bacteria inoculated birds inoculated birds dead death (hr) heart blood smears 

Replicate A 1.25xl08 3 3 20-46 3 
1.25xlo7 2 2 30-48 2 
l.25xlo6 2 2 48 2 
1.25xlo5 2 1 120 1 
1.25xlo4 2 0 0. 
1.25xlo3 2 0 0 

__. 
0 __. 

1.25xlo2 2 0 0 
1.25xlo1 ') 0 0 '-

1.25xlo0 2 0 0 

Replicate B 3.08xlo9 2 2 24,60 2 

3.08xlo8 2 1 60 1 
3.08xlo7 2 0 0 
3.08xlo6 2 0 0 
3.08xlo5 2 0 0 
3.08xlo4 2 0 0 
3.08xlo3 2 0 0 
3.08xl02 2 0 0 
3.08xlo1 2 0 0 

a Control birds in both trials remained healthy. 



TABLE 31. Experiment III Experimental design and results of infection of 9, 11, 16 and 18-week-old 
mallard ducks with Pasteurella multocida (P-19781-2)a. 

Numbe·r of birds 
Number of bacteria Number of birds Number of Time to with bacteria in 

Trial Age of birds inoculated inoculated birds dead death (hr) heart blood smears 

II 9 weeks 8 1 1 70 1 2.45xlo
7 2.45xl0 1 1 48 1 

2.45xl0~ 1 0 0 
2.45xl0 1 0 0 
2.45xlol 1 0 0 

III 11 weeks 8 2 2 48 2 1.65xl0 
~ l.04xlo7 2 1 50 1 
0 3.30xlo6 2 1 50 1 N 

l.04xlo6 ' 1 1 96 1 ' 
7.8xlo5 1 0 0 

IV 16 weeks 8.8xlo7 3 0 0 
B.Bxlo6 3 0 0 
B.Bx1o5 3 0 0 
2.7xl0~ 3 0 0 
1.3xlo

4 
3 0 0 

B.BxlO 3 0 0 
5.5xloj 3 0 0 
8.8xl0 3 0 0 

v 18 weeks 9 2 0 0 3.4xlo
7 3.3xl0 2 0 0 

l.05xlo7 3 0 0 
5.3xlo6 4 1 60 1 
3.3xlo6 4 0 0 

. 2. 1 xl o6 4 0 0 

a Control birds in all experiments remained healthy. 



Blood samples taken from ducks 12 hr p.i. contained large numbers of 

circulating heterophils and phagocytic mononuclear cells tnat had phago

cytized ~ipolar organisms. Few bacteria were observed free in the 12 hr 

smears (Fig. 14). Samples drawn at 24 hr p.i. from ducks that died 

subsequently, had massive numbers of bacteria in the peripheral blood 

and only a few degenerating heterophils were evident (Fig. 15). Birds 

that survived bacterial challenge had no visible bacteria in the samples 

collected at 24 or 48 hr p.i. 

Five birds developed ocular lesioris. The affected birds were from 

different trials and had received different dosages oft· multocida 

(Table 32). These ducks became transiently lethargic, anorectic and 

photophobic. The ocular involvement was unilateral in all cases and 

consisted of copious ocular discharge and marked corneal opacity. The 

eye of two ducks appeared excessively prominent suggesting that glaucoma 

was present; the globe ruptured at day 6 in these birds. The three other 

birds with ocular lesions developed deep corneal ulcerations and one bird 

appeared to have prolapsed Decements membrane through the ulcerated area. 

These ducks showed no clinical evidence of ill health other than photo

phobia. 

3.2.3.3 Gross pathology 

Birds that died within the first 120 hr p.i. has lesions of an acute 

hemorrhagic septicemia (Table 33). Diffuse petechial and ecchymotic 

hemorrhages were most prominent over the left ventricle, along the 

coronary groove and throughout the myocardial fat (Fig. 16). Occasionally 

there was hemorrhage into the pulmonary parenchyma. Petechiation was 

common on most serosal surfaces and particularly on the gizzard, trachea 
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Fi~. 13. Mallard duck that died acutely after dosaae 

with 1.65 x 108 oroanisms of f.. multocida (19781-2) .. 

The bird remained in this sittino position, 

suqaestinq the immediate onset of riaor mortis. 
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• • • • •- . • • • • .. • -Fig. 14~ Blood smear from a duck taken 12 hr. post-i.noculation 
with~- multocida (19781-2) revealing a few bacteri~ in 
peripheral blood and a phagocyte containing bacteria 
(arrow). Methylene blue X 750. 

Fig. 15. Blood smear from a duck, taken 24 hr. post-inoculation 
with P. mul toci da (19781-2), with massive bacteremia. 
Methylene blue X 500 . 

. - 105 -



TABLE 32. Distribution and type of ocular lesions that occurred in five 
mallard ducks inoculated with J:. multocida (19781-2). 

Age of Number of Corneal Corneal 
birds (weeks) organisms inoculated· opacity ulceration 

5 1. 25xl o4 . +a + 

5 3.08xlo7 + 

16 8.8xlo7 + + 

18 2.1x106 + + 

18 3.3xlo6 + 

a + - lesion was present. 

b - lesion was not present. 
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TABLE 33. Occurrence of gross· lesions in mallard ducks infected with t. multocida (19781-2). 

Q) 
(/) 

(/) ...... 
0') ...... ..f-l 
tO ..f-l ...... 

..c: ...... ..f-l c (/) S- -c tO ...... . ...... 
S- S- c. ..f-l 0 - tO Q) -c . .,... 
E Q) u ..c: ...... Q) S-Q) c (/) (/) (/)(/) (/) ..... . ..... :::lC :::3 V) ..c Q) •r- ..f-l ...... ::l ...... S- S- .-- ..... Q) c (/) Q) (/) u ..f-l~ .f-l....-- Q) Q) ~..f-l .-- 0 c -c .-- 0 S- ...... ~ ...... .-- c. c. (/) c.. .,...., 0 Q) c. S- tO .-- ...... .-- tO CI)Q) (/) •r-N (/) u ~ :::s-o :::lU (/) (/) :::l..f-l (/)· Q) C/) ...... Q) c u.._.. uo :::3 :::::s oc ::l .-- Q) .-- c c ...... u u~ 0 0 C•r- 0 Q) .--tO tOQ) tO..._... c c ..... c S-S- .-- S- S- VlS- (/) ...... ...... :::3 .-- .,... tO ..f-l Q) .-- Q) Q) Q) -c S- S- 0').-- S- .-- c c 0 > > S-> S-.-- ..c ..c CtO ..a ::l •r-

0 Time to death Q) ~ ...... . ..... •r- Q) .,.... •r- ...... ..... tOE .. ,.... u 0 
'-J 

(.!) (/) ....J ....J C:X:Vl C:X:E u.. LL. (/)(/) LL. 0 "'"':) 

0-48 hr. 11 a 11 0 4 7 3 4 2 5 0 0 0 
11/93 IT IT IT IT IT IT IT IT IT IT IT IT 

48-120 hr. 7 7 0 5 2 6 3 5 1 0 0 0 
8/93 8 8 8 8 8 8 8 8 8 8 8 8 

Euthanized 0 0 0 0 3 20 7 4 0 3 5 1 
at 1 week 74 74 74 74 74 74 74 74 74 74 74 74 
74/93 

Total 18 18 0 9 12 29 14 11 6 3 5 1 
93 93 93 93 93 93 93 93 93 93 93 93 

a Number of birds with lesions per number of birds examined. 



and syrinx. Often the entire carcass was c~ngested. Hemorrhage into 

the duodenum and jejunum occurred in 32% (6 of 19} of the ducks. The 

spleen was enlarged 2 to 3 times normal size (Fig. 17) and was soft, 

pale and friable. Areas of hemorrhage, 1-10 mm in diameter and 

resembling hemorrhagic infarcts, were found commonly in the liver. 

These lesions were dark reddish-black with a peripheral zone of hyperemia 

(Fig. 18) and extended into the liver parenchyma. A thin fibrino-purulent 

exudate covered the hepatic capsule of 37% (7 of 19) of the birds (Fig. 19). 

Air sacculitis occurred in 94% (18 of 19) of the ducks and was categorized 

as being either severe and diffuse or mild and focal. Involvement of one 

entire air sac or several air sacs was classed as diffuse air sacculitis. 

The air sac membranes were thickened, granular and opaque (Fig. 20). Air 

sacs occasionally contained caseous material but were usually filled with 

flocculant fluid that clotted upon exposure to air. Mild focal air 

sacculitis was characterized by small localized accumulations of fibrin 

within the air sac (Fig. 21). Birds that died within 48 hr p.i. had a 

significantly higher prevalence of severe diffuse air sacculitis (P< .05, 

Chi 2 test) than did birds that died between 48 and 120hr p.i. Fibrinous 

pericarditis with adhesions between the pericardial sac and the epicardium 

occurred in 37% (7 of 19) of the ducks. 

None of the birds that survived bacterial challenge had evidence 

of septicemia. The spleen of all surviving birds appeared normal grossly, 

although many were slightly enlarged and congested. The congestion was 

likely caused by the euthanasia solution used, as the spleen of two of 

three control ducks had a similar appearance. One bird had a depressed 

pale focus in the liver. Fibrinous perihepatitis was present in 7% 

(5 of 74} of the birds and diffuse fibrinous air sacculitis was present 
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Fig. 16. Viscera from a
8
duck which died acutely after inoculation 

with 1.25 x 10 organisms of P .. multocida, with petechial 
and ecchymotic hemorrhages over surface of myocardium and 
severe fibrinous perihepatitis. 

Fig. 17. 

1 
t'Y! ()It [' '' 7 0 I ·l 

C: D l="t- __ .:..;,1_:.1_.;.~-...LLA~-----_. 

Swollen, mottled spleen, with multiple focal areas of 
necrosis, from a mallard duck inoculated with 3.08 x 109 
organisms of P. multocida (19781-2). 
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Fig. 18. Viscera from mallard duck, which died acutely after inoculatior 
with 3.08 x 108 organisms of P. multocida (19781-2), with 
hemorrhagic infarcts in the 11ver and hemorrhage in the 
duodenum. 

Fig. 19, Severe fibrinous perihepatitis in a mallard duck inoculated 
with 3.08 x 108 organisms of~- multocida (19781-2). 
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Fig. ·20. 

Fig. 21 . 

Severe, diffuse fibrinous airsacculitis in a mallard duck 
inoculated with 1.65 x 108 organisms of P. multocida 
( 19781-2). 

Mild, focal airsacculitis in mallard duck surviving challenge 
with P. multocida (19781-2) . 
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in 5% (4 of 74) of the ducks. The air sac lesions extended cranially 

and caused a diffuse fibrinous pleuritis (Fig. 2:1) in three birds. Mild 

focal air sacculitis was present in 28% (21 of 74) of the surviving 

birds. Unilateral ocular lesions were present in 7% (5 of 74) of the 

ducks. Bilateral fibrino-purulent synovitis and arthritis was present 

in the hock joints of a single bird. Bacterial culture of these joints 

yielded pure cultures of P. multocida. Control birds had no lesions and 

there was no reaction in the air sacs to saline injections. 

3.2.3.2 Histopathology 

The distribution and severity of pulmonary lesions was related to 

survival time p.i. (Table 34). Birds that died acutely (24-48 hr p.i.) 

had congestion of pulmonary vessels, bacteria within smaller capillaries 

and occasional hemorrhages into the airways. Birds that lived for more 

than 48 hr p.i. had edema in the lamina propria of secondary and tertiary 

bronchioles (Fig. 23). Occasionally there was necrosis and sloughing of 

the bronchiolar epithelium. The lymphoid tissue was loose and edematous 

and there was necrosis within many lymphoid nodules (Fig. 24), but the 

lung parenchyma was usually not involved. Two birds had a multifocal, 

necrotizing pneumonia associated with small vessels that were apparently 

plugged with bacteria. 

Bacteria were not evident within the lungs of birds which survived 

bacterial challenge. Peribronchiolar lymphatic tissue was solid and cellular 

with large lymphoblastic cells replacing the smaller lymphocytes. A well 

organized fibrinous pleuritis was present in three surviving birds (Fig. 25) 

and a diffuse, proliferative, interstitial reaction with a marked increase 

in both size and number of interstitial cells occurred in two birds 

(Fig. 26). 
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Fig. 22~ Cross section of lung with severe fibrinous pleuritis; 
a more chronic reaction to challenge by !:· multocida 
(19781-2) .. 

Fig. 23. Lung of a duck rece1v1ng 3.08 x 108 organisms of 
P. multocida (19781-2). Edema of lamina propria 
of secondary bronchioli as a result of lymphatic 
plugging. H & E X 75~ 
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Lung of a duck receiving 3.08 x 1 organisms of 
P. multocida (19781-2). Peribronchiolar lymph 
nodule with edema and necrosis. H & E X 325. 

Fig. 25. Lung of a duck receiving 1.65 x 108 organisms of 
P. multocida (19781-2). Severe fibrinous pleuritis. 
H & E X 30. 
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Fig. 26, Lung of a duck receiving 

with proliferation 
H & E X 400. 
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TABLE 34. Occurrence of histologic lesions in lungs of mallard ducks infected with P. multocida 
(19781-2). 

Edema of 
Time Lymphoid Lymphoid lamina Epithelial Lymphoblast Fibrinous Interstitial 

to death necrosis edema propria sloughing proliferation pleuritis reaction 

--
0-48 hr. 3/8 6/8 1/8 0/8 0/8 0/8 0/8 
8/33 

48-120 hr. 4/7 4/7 5/7 1/7 0/7 0/7 0/7 
--J 

--J 7/33 0"1 

I 

Euthanized 
at 1 week 0/18 0/18 l/18 0/18 11/18 3/18 2/18 
post in-
fection 
18/33 

Total 7/33 10/33 7/33 2/33 11/33 3/33 2/33 

a Number of birds with lesions/number of birds examined. 



Birds which died within 120 hr p.i. had myocardial congestion and 

bacteria were evident within smaller arterioles and capillaries of the 

heart. Fibrinous pericarditis and epicarditis was present in 33% 

(5 of 15) of these ducks. Necrotic debris, fibrin, bacterial colonies 

and remnants of inflammatory cells covered the epicardial surface and 

extended for a short distance into the myocardium between muscle fibers. 

Serous myocarditis was present in 57% (4 of 7) of the birds that died 

between 48 and 120 hr p.i. (Table 35). There was separation of muscle 

fibers with edema, fibrin and infiltration of histiocytes. There were 

focal areas of necrosis, encircled by large oval macrophages, (Fig. 27), 

and areas of degeneration of individual muscle fibers. The cytoplasm of 

many of the swollen fibers was basophilic and granular (Fig. 28). This 

proved to be dystrophic calcification when examined with Von Kassa stain. 

Birds that were euthanized had no evidence of myocardial edema or 

degeneration; however, chronic myocarditis with the infiltration of fibrous 

tissue and macrophages between morphologically normal myocardial fibers 

was present in 11% (2 of 18) of the birds. Organized fibrinous epicarditis 

with a fibrino-purulent exudate overlaying a granulomatous base was 

present in ~2% (4 of 18) of the surviving ducks (Fig. 29). Fibrinoid 

necrosis of small and medium-sized arterioles was present in a single 

duck (Fig. 30). The vessel walls were thickened irregularly with 

eosinophilic material and there was vacuolation and fragmentation of 

smooth muscle fibers. 

Birds .that died acutely had massive necrosis of lymphoid fo-llicles 

and cif areas surrounding sheathed arterioles in the spleen (Table 36). 

Splenic follicles were replaced by eosinophilic fibrinoid material and 
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Fig. 27. Myocardium of duck receiving 1.65 x 107 organisms of 
f_. multocida (19781-2). Serous myocarditis with 
accumulations of histiocytic cells around foci of 
necrosis. H & E X 125. 

Fig. ?;8.. Myocardium from duck receiving 1.65 x 107 organisms 
of f.. multocida (19781-2). Serous myocarditis and 
dystrophic calcification of individual muscle fibers. 
H&E X 500. 
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Fig. 29 .. Myocardium fromduck rece1v1ng 1.65 x 106 organisms 
of P. mu1tocida (19781-2). Fibrinous epicarditis. 
H &-E X 30. 

Fig. 30. Myocardium from duck receiving 3.08 x 107 organisms 
of P. mu1tocida (19781-2). Fibrinoid necrosis of a 
medium sized artery. H & E X 750. 
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TABLE 35. Occurrence of histologic lesions in the myocardium of mallard ducks infected with f.. multocida (19781-2). 

Bacteria Fibrinoid 
Time to Subendocardial Subepicardial Serous Chronic in Fibrinous necrosis of 
death hemorrhage hemorrhage myocarditis myocarditis vessels epicarditis Edema arterioles 

0-48 hr 
8/33 0/8a 4/8 0/8 0/8 7/8 2/8 l/8 0/8 

48-120 hr 
-

7/33 2/7 l/7 4/7 0/7 7/7 3/7 3/7 0/7 
I 

__, 
N 
0 

Euthanized 
at 1 week 
post in-
fection 
18/33 0/18 0/18 0/18 2/18 0/18 3/18 0/18 l/18 

Total 2/33 5/33 4/33 2/33 14/33 8/33 4/33 1/33 

a Number of birds with lesions/number of birds examined. 
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TABLE 36. Occurrence of histologic lesions in the spleen of mallard ducks infected with P. multocida (P-19781-2). 

Time to 
death 

0-48 hr 
6/31 

48-120 hr 
7/31 

Euthanized 
1 week post-
infection 
18/31 

Total 

Focal 
necrosis 

6/6 

7/7 

0/18 

13/31 

Edema 

5/6 

3/7 

0/18 

8/31 

Reticuloendothelial 
activation 

l/6 

0/7 

10/18 

11/31 

a Number of birds with lesions/number of birds examined. 

Follicular 
atrophy 

6/6 

7/7 

1/18 

14/31 

Bacteria 
in vessels 

5/6 

4/7 

0/18 

9/31 

Activated 
splenic follicles 

0/6 

0/7 

16/18 

16/31 



necrotic debris (Figs. 31 and 32). Bacteria .and fibrin thrombi were 

present within the necrotic foci and in many of the associated vessels. 

Birds that survived for 1 week had prominent splenic follicles and 

large cuffs of lymphoblasts around the sheathed arterioles. The red 

pulp areas were cellular and reticuloendothelial cells were prominent. 

Focal areas of acute coagulation necrosis with little or no 

inflammatory response occurred in the liver of 57% (8 of 14) of birds 

that died within 120 hr p.i. (Table 37, Fig. 33). Most areas of necrosis 

contained bacteria. There was generalized hepatocyte swelling and 

individual hepatocyte necrosis. Hepatic sinusoids were often distended 

with eosinophilic hyaline material (Fig. 34) and cellular debris. 

Hemorrhagic lesions suggestive of hemorrhagic infarcts were observed in 

27% (4 of 15) of the ducks. These discrete areas of hemorrhage contained 

bacteria and necrotic debris but the surrounding hepatocytes appeared 

normal. Fibrinous perihepatitis occurred in 17% (3 of 18) of ducks that 

survived bacterial challenge. 

Bacteria were present in meningeal vessels of 50% (7 of 14) of the 

ducks that died acutely and cerebell·ar hemorrhage occurred in 28% 

(4 of 14) of these birds (Table 38). Absence of cellular reaction to 

the hemorrhage suggested that it had occurred terminally. Diffuse 

fibrinous meningitis, characterized by thickened meninges, exudation of 

fibrin and the accumulation of large numbers of macrophages and heterophils, 

was present in 21% (3 of 14) of the ducks (Figs. 35 and 36). 

A single duck euthanized at 1 week p.i. had meningitis with fibrin 

and mononuclear cell accumulation but there was no necrosis or acute 

inflammatory cell infiltration. No lesions were observed in the other 
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Fig. 31. Spleen from duck rece1v1ng 3.08 x 109 organisms of 
P. multocida (19781-2). Massive necrosis of follicular 
areas and colonization by bacteria. H & E X 30. 

Fig. 32. Spleen from duck rece1v1ng 3.08 x 109 organisms of 
P. multocida (19781-2). Necrosis of splenic 
follicle with complete destruction of normal 
architecture. H & E·x 125. 
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Fig. 33. Liver from duck rece1v1ng 1.65 x 108 organisms of 
P. multocida (19781-2). Acute focal areas of coagulation 
necrosis. H & E X 125. 

Fig. 34. Liver from duck receiving 3.08 x 109 organisms of 
P. multocida (19781-2). Distention of hepatic sinusoids 
with eosinophilic hyalin debris. H & E X 500. 
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Fig. 35. Cerebellum from duck rece1v1ng 1.65 x 107 organisms 
of P. multocida (19781-2). Fibrinous meningitis. 
H &-E X 30. 
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Fig. 36. Cerebellum from duck rece1v1ng 1.65 x 107 organisms 
of P. multocida (19781-2). Fibrinous meningitis with 
fibrin, necrotic debris, inflammatory cells and bacterial 
colonies. H & E X 125. 
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TABLE 37. Occurrence of histologic lesions in the liver of mallard ducks infected with~. multocida (19781-2). 

Activation 
Time to Focal necrosis Focal necrosis of periportal 
death (no reaction) (with reaction) lymphoid tissue 

0-48 hr 3/Ba 0/8 0/8 
8/33 

48-120 hr 5/7 l/7b 1/7 
7/33 

Euthanized 
at 1 week 
post-in-
fection 0/18 0/18 2/18 

18/33 

Total 8/33 l/33 3/33 

a Number of birds with lesions/number of birds examined. 

b Reaction consisted of heterophil infiltration. 

Hyalin-like 
Hemorrhagic Bacteria Fibrinous material in 

infarcts in vessels perihepatitis hepatic sinusoid 

1/8 5/8 0/8 5/8 

3/7 7/7 0/7 7/7 

0/18 0/18 3/18 l/18 

4/33 13/33 ~/33 13/33 
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TABLE 38. Occurrence of histologic lesions in the brain of mallard ducks infected with f_. multocida 
(19781-2). 

Time to death 

0-48 hr 
8/33 

48-96 hr 
7/33 

Euthanized 1 week 
post-infection 
18/33 

Total 

Hemorrhage in cerebellum 

2/8a 

2/7 

0/18 

4/33 

a Number of birds showing lesions/number of birds examined. 

b Mild chronic meningitis. 

Bacteria in vessels Meningitis 

3/8 l/8 

4/7 2/7 

0/18 l/l8b 

7/33 4/33 



birds that survived bacterial challenge. 

Bacteria were present within glomerular capillaries of birds which 

died acutely (Fig. 37); however, there was no associated inflammatory 

reaction. 

Birds which died acutely had congested serosal vessels in the 

intestine and several ducks had inflammation within the walls of mesenteric 

and serosal vessels. The inflammatory reaction appeared to be associated 

with bacteria localized within small vessels supplying the media of 

larger arteries (Fig. 38). Lymphoid nodules throughout-the length of the 

gastrointestinal tract were edematous and necrotic. This change was most 

common near the esophageal-proventricular junction. Bacteria were present 

at almost all locations including within proventricular glands. Edema 

and focal necrosis occurred in Meckel's diverticulum of four ducks dead within 

120 hr p.i. 

The bursa of Fabricius was examined microscopically from only two_ 

birds.that died acutely and from two surviving birds. The bursae from 

surviving birds were large, active and contained well developed lymphoid 

follicles (Fig. 39). The bursae removed from birds dead within 120 hr 

p.i. had extensive fntrafollicular necrosis and edema and numerous 

heterophils were present within the interfollicular spaces. There were 

areas where only fibrous stroma and remnants of edematous follicular 

tissue remained (Fig. 40). 

The microscopic _findings were similar ·in the three birds with 

ocular lesions. The anterior chamber of the anterior compartment 

contained blood and heterophils. The lens was prolapsed in the anterior 

chamber and lay adjacent to the posterior surface of the cornea. The 
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Fig. 3t .. Kidney from duck rece1v1ng 1.65 x 106 organisms of 
P. multocida (19781-2). Phagocytized bacteria within 
mesangial cells of glomerulus. H & E X 500. 

Fig. 38. Vasculitis involving mesenteric artery of duck receiving 
3.08 x 10' organisms of P. multocida (19781-2). 
H & E X 125. -
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Fig. 39. Bursa of Fabricius from duck surviving challenge of 
3.08 x 105 organisms of P. multocida (19781-2). 
Normal, active follicular architecture. H & EX 30. 

Fig. 40. Bursa of Fabricius from duck rece1 v1 ng 3. 08 x 1 o7 
organisms of P. multocida (19781-2). Severe follicular 
depletion leaving only follicular remnants and supporting 
stroma. H & E X 30. 
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cornea had ruptured in two ducks and iris and degenerate lens material 

had prolapsed through the rupture. The posterior chamber of the anterior 

compartment contained heterophils and fibrillar material suggestive of 

fibrin. The retina was not involved but the choroid was congested, 

edematous and contained areas of hemorrhage. 

3.2.3.5 Bacteriology 

P. multocida was cultured from the liver, lung and spleen of all 

birds that died acutely. Many of the ducks that survived bacterial 

challenge had lesions that appeared to be resolving. Bacteria could be 

recovered only from localized lesions and not from other tissues in 

these birds (Table 39). 

3.2.4 Discussion 

Avian cholera in-waterfowl is recognized to be an acute or peracute 

disease. Most deaths in these experiments occurred within 24-48 hr p.i. 

and the lesions seen were consistent with a hemorrhagic septicemia. 

However, birds that survived challenge with~- multocida (isolate 

P-19781-2), developed lesions similar to those described in chronic 

fowl cholera in chickens (Rhoades, 1964). Mortality was significantly 

higher (Chi 2 test, P <.05) among younger ducks than among birds older 

than 9 weeks of age. 

Lesions of hemorrhagic septicemia have been reported in 

pasteurellosis in mammals and are thought to be due to terminal 

endotoxemia (Corrigan and Kiernat, 1975). Endotoxin in mammals may 

initiate disseminated intravascular coagulation (DIC) by two possible 

mechanisms; either by interaction with platelets or by direct activation 

of clotting factor XII, the Hageman factor (Elin and Wolff, 1976). 
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TABLE 39. Results of bacterial culture of selected tissues taken from ducks which survived challenge 
with P. multocida (19781-2) but which had gross lesionsa. 

Gross lesionsb Tissues submitted for culture 

Air 
Trial Pericarditis Perihepatitis Pleuritis sacculi tis Liver Lung Spleen Air sac Joint 

I A +c + d + +/-e +/- +/- +/--
A - - - + +/- +/- +/- +/+ 
A - - + + +/- +/- +/- +/+ 
B - - - + +/- +/- +/- +/+ 

IV + + - + +/- +/- +/- +/+ 
v - + - + +/- +/- +/- +/-

+ - - + +/- +/- +/- +/-
+ - - - +/- +/- +/-
+ - - + +/- +/- +/- +/+ +/+ 
+ + - + +/- +/- +/- +/+ 

+ +/- +/- +/- +/-
+ - - + +/- +/- +/-. +/-
+ + + + +/- +/- +/- +/-

+ +/- +/- +/- +/-

a Each entry represents the gross lesions found in a single duck and the tissues submitted for culture 
from that duck. The table should be read horizontally. 

b All gross lesions appeared to be resolving and were characterized by fibrin exudation. 
c + lesions were present. 
d 1 . . - es1ons were not present. 
e +/- appropriate tissue was submitted for bacterial culture but no bacteria was isolated. 
f +/+ appropriate tissue was submitted for bacterial culture and P. multocida was isolated. 



Birds lack factar XII in their clotting mechanism (Sturkie, 1965) and 

nucleated thrombocytes replace the mammalian platelet. It is unlikely 

that DIC was responsible for the widespread hemorrhage observed in acute 

mortality due to~· multocida, unless the DIC was secondary to vascular 

damage. Structures which resembled fibrin thrombi, similar to those 

seen in DIC in mammals, were commonly observed within capillaries in 

H&E stained tissue of birds that died of acute cholera. However, these 

failed to retain a variety of fibrin stains including Chadivin•s PTAH 

stain, Lendrum•s acid Picro Mallory, Martin•s scarlet-blue s.tain and 

Masson•s trichrome stain. 

Birds which have not been exposed previously to f. multocida seem 

to be dependent primari·ly upon the abi 1 i ty of heterophi 1 s ·and other 

non-specific phagocytic cells to phagocytize and remove the initial 

infecting organisms. Following initi~l infection~- multocida likely 

becomes bacteremic. Blood smears prepared 12 hr p.i. had many heterophils 

and m·onocytes containing phagocytized bacteria but fe'Jt free bacteria 

were evident. In birds that died subsequently of cholera, the blood 

at.24 hr contained massive numbers of free bacteria and only a few 

degenerate heterophils. It appeared that a critical point was reached 

very early post-infection, at which time the phagocytes either controlled 

the infection or the bacteria proliferated and 11 overwhelmed 11 the 

phagocytic system. ~- multocida has been shown to follow a logarithmic 

growth pattern iD_ vivo, with a generation time of only 15 minutes in 

mice (Collins and Woo1cock, 1976). t. multocida may replicate within 

phagocytic cells (Olson et ~., 1966) and endotoxin release by the 

bacteria may cause a transient leucopenia (Elin and Wolff, 1976) 
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thereby reducing the number of available phagocytes. Carter (1973) 

infected normal mice intraperitoneally with f. mOltotida, and found 

that 98% of the bacteria resisted phagocytosis and remained extracellular 

despite a marked host macrophage and heterophil response. Passive 

immunization, by the inoculation of immune antibodies into the peritoneal 

cavity of mice challenged with t· multocida, significantly increased 

phagocytosis of· bacteria (Collins and Woolcock, 1976; Woolcock and 

Collins, 1976). The humoral response depended on the availability of 

opsinizing antibodies that enhanced phagocyte efficiency (Collins, 

1973). In this experiment birds were "naive" with respect to 

P. multocida. The infection was too immediate to allow time for the 

development of antibodies or activation of macrophages. Once bacterial 

growth ~vivo overcame the initial nonspecific heterophil response 

the bacteria multiplied freely within the host and localized in any 

tissue. A dose-time-mortality response was observed in all infection 

trials; the more bacteria that were inoculated the more rapidly was 

the hostls nonspecific resistance overcome. 

Birds which were able to limit the in vivo replication of~· 

multocida developed chronic lesions that appeared to be resolving at 

the termination of the trials. The lesion distribution suggested that 

many birds had experienced an early bacteremia but had been able to 

confine and localize the infection. The sequestration of bacteria 

within a localized lesion may be a potential mechanism for the spread 

of the disease in the field. The lesions observed in birds which 

survived bacterial inoculation were similar to those described in 

chronic ~holera in chickens (Rhoades, 1964}. Similar chronic lesions 
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have not been described in avian cholera dieoffs in wild waterfowl. 

This suggests that serotypes oft· multocida of much greater virulence 

are responsible for field outbreaks. 
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4.0 INTERACTION BETWEEN LEAD, IRON AND AVIAN CHOLERA 

4.1 Literature review 

4.1.1 Introduction 

Increasing awareness of lead poisoning in waterfowl resulted in research 

to develop a ballistically efficient and economically feasible non-toxic 

substitute for lead pellets. Attempts to develop a lead pellet which would 

fragment in water and dissipate into the environment have been unsuccessful 

(Green and Dowdell, 1936). Various metals and metallic alloys including 

lead-magnesium (Dowdell and Green, 1937; Locke et ~., 1967), copper (Locke 

e t !]_. , 19 6 7 ; I rw i n , 19 7 4) , t i n (Grandy et ~. , 19 68) , 1 ea d- i ron ( I rw i n , 

1974; Finley et ~·, 1976a), zinc (Grandy et ll·, 1968) and iron (Locke 

et ~- '· 1967; Irwin, 1974) have been tested for ballistic efficiency and 

toxicity. Teflon, zinc and molybdenum coated iron pellets (Grandy et ~., 

1968) and plastic coated lead pellets (Locke et ~., 1967) had unacceptable 

ballistic characteristics. Only iron and lead-iron pellets have proven to 

be adequate ballistically and non-toxic at pellet levels ingested commonly 

by wild waterfowl. However, both lead and iron can interact with infectious 

.agents through a variety of humoral and cellular mechanisms resulting in 

altered host immunologic responsiveness. 

4.1.2 Immunosuppression by lead 

The action of lead on the immune system is poorly understood, but 

several basic mechanisms may be operable (Table 40), including impaired 

endotoxin detoxification, depressed immunoglobulin production and/or 

interference with interferon production. 
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TABLE 40. Reported effects of lead on the immune system. 

Decreased Decreased Decreased 
interferon immunoglobulin endotoxin Decreased 
production production detoxification phagocytosis 

+a b 

c 

+ 
+ 

+ 
+ 
+ 
+ 

+ + 

+ + 
+ -
+ 
+ 

a The parameter defined in the column heading occurred. 
b The parameter defined in the column heading was not investigated. 
c The parameter defined in the column heading did not occur. 

Increased 
susceptibility 

to shock 

+ 

+ 
+ 

Gainer (1974) 
Vengris (1973) 
Hemphill (1971) 
Hemphill et al. (1973) --
Hemphill (1974) 
Kqller (1973) 
Koller and Kovacic (1974) 
Ko 11 e r e t ~. ( 19 7 6) 
Trejo et ~· (1972) 
Hoffman (1974) 
Reigart and Graber (1976) 
White and Mcleod (1976) 
Selye et ~- (1966) 
Cook et ~· (1974) 
Halper et ~- (1973) 
Truscott (1970) 
Filkins (1973) 
Filkins and Buchanan (1973) 



4.1.2.1 Impaired endotoxin detoxification 

Endotoxin is detoxified by the reticuloendotnelial system (RES} 

(Palmerio and Fine, 1969} and by hepatocytes (Farrar and Corwin, 1966}. 

Simultaneous administration of lead and endotoxin enhanced the susceptibility 

of rats (Filkins, 1970; Trejo and DiLuzio, 1971; Trejo et ~., 1972; 

Filkins and Buchanan, 1973; Cook and Di Luzio, 1973}, chickens (Truscott, 

1970) and baboons (Helper et ~., 1973) to endotoxin. Selye et ~- (1966) 

suggested that lead ~cted as an RES-blocking agent. Lead depressed the 

phagocytic capability of Kupffer cells and decreased clearance of colloidal 

carbon (Trejo et ~., 1972; Filkins and Buchanan, 1973), but did not alter 

intravascular clearance of endotoxin as measured by bio-assay (Filkins and 

Buchanan, 1973). RES blockade alone did not alter the host response to 

endotoxin (Crafton and DiLuzio, 1969; Trejo et ~., 1972). 

Primary hepatocyte injury due to carbon tetrachloride increased the 

susceptibility of guinea pigs to endotoxin (Formel et ~., 1960; Farrar 

and Magnani, 1964) and a relationship was shown between the degree of 

liver necrosis; the susceptibility of the animal to endotoxin; and the 

ability of liver tissue homogenates to detoxify endotoxin in vitro 

(Farrar and CoNin, 1966). Ultrastructural evidence of Kupffer cell and 

hepatocyte damage was shown in lead-endotoxin challenged rats (Cook et 

~-, 1974) and baboons (Helper et ~-, 1973). Trejo et ~- (1972) and 

Cook et ~- (1974) have suggested that severe hepatocyte dysfunction, 

rather than RES phagocytic impairment, was the mechanism of lead-endotoxin 

synergism. Rats (Filkins, 1973} and baboons (Helper et ~-, 1973) 

challenged with lead and endotoxin, died from hypoglycemic shock. Death 

from endotoxemia alone is.due to circulatory collapse (Palmerio and Fine, 
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1969; DePalma et !l·, 1967) and progressive hypoglycemia (Farrar and 

Corwin, 1966; DePalma et !l·, 1967). Intoxication with lead has produced 

hepatocyte alterations in dogs (Staples, 1955), sheep (Butler et ~., 

1957), primates (Zook et !l·, 1973) and birds (Locke et ll·, 1967; 

Bates et !l·, 1968; Del Bono and Braca, 1973). Several workers (Filkins, 

1973; Filkins and Buchanan, 1973; Cook et !l·, 1974) have postulated that 

lead potentiates the action of endotoxin in producing acute hypoglycemic 

shock. 

4.1.2.2 Impaired immunoglobulin production 

There have beeh conflicting reports in the literature as to whether 

or not lead impairs immunoglobulin production and function. Williams 

et ~- (1954) were the first to suggest direct interaction between lead 

and antibody~ vivo. Hemophill (1974) suggested that lead suppressed 

anti body produ·cti on and decreased the activity of the properdin pathway. 

Mice treated with lead nitrate for 30 days had increased susceptibility 

to Salmonella typhimurium infection (Hemphill et ~., 1971) and had a 

significant decrease in serum gammaglobulin levels (Hemphil et ll·, 1973). 

Rabbits presensitized with lead acetate had a 10-fold decrease in antibody 

production when challenged with pseudorabies virus (Koller, 1973). Koller 

and Kovacic (1974) and Koller (1975) found suppression of both the primary 

and secondary immunoglobulin responses in chronically lead dosed mice. 

This depression persisted for up to 6 weeks after exposure to lead had 

ceased (Koller, 1975). Mice acutely exposed to lead had enhanced IgM 

responses but significantly depressed IgG responses (Koller et ll·' 1976). 

Other workers (Trejo et !l· , 1972; Vengri s, 1973; Hoffman, 197 4) have been 

unable to demonstrate lead-induced impairment of antibody synthesis. 

Hoffman (1974) observed no evidence of immunologic deficiency in lead 

poisoned sheep challenged with Senatia marcescens. Chickens given 160 mg 
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lead acetate/Kg body weight orally for 35 days had a normal antibody 
' ' 

response to challenge with. Marek's Disease virus (Vengris, 1974). 

Reigart and Graber (1976) found no suppression of complement levels, 

immunoglobulin production or anamnestic response among lead-exposed 

children challenged with tetanus toxoid a~tigen. 

4.1.2.3 Impaired interferon production 

Mice exposed to lead were found to be more susceptible to 

encephalomyocarditis virus than were controls (Gainer, 1974}. Lead 

suppressed interferon production in mice inoculated with interferon 

inducers Poly I/Poly C and Newcastle Disease virus, but did not interfere 

with performed interferon activity. However, Vengris (1974) was unable 

to demonstrate a decrease in either interferon synthesis or activity 

among chickens dosed with lead and exposed to Newcastle Disease virus 

and Marek's Disease virus. 

4.1.3 Bacterial enhancement by iron 

Iron alters host resistance to a variety of infectious diseases. 

Schade and Caroline (1954) postulated that iron was an essential part 

of bacterial metabolism, and many bacteria, including Staphylococcus 

aureus (Schade, 1963), r. multocida (Bullen and Rogers~ 1969), Yersinia 

pestis and!· pseudotuberculosis (Jackson and Morris, 1961), certain 

types of f.. co 1 i (Bull en and Rogers, 1969), Klebs i e 11 a pneumoni ae 

(Martin et ~·, 1963), Listeria monocytogenes (Sword, 1966), and 

Salmonella typhimurium (Jackson and Morris, 1961}, have a metabolic 

requirement for iron. Bullen and Rogers (1969} reported that 

bacteri·ostatic effects of both norma 1 and fmmune sera were abo 1 i shed 
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when challenge doses of either P. multocida or E. coli were reinforced 

with iron compounds. Bullen et ~- (1968) demonstrated that a wide variety 

of iron forms, (ferric, ferrous, haematin, lysed guinea pig erythrocytes 

and crystalline h·uman hemoglobin), enhanced the virulence of normally 

avirulent£.. coli inoculated intraperitoneally into guinea pigs. Apathogenic 

colonies of 'j_. pestis were made virulent for mice by adding low levels of 

ferrous iron (Brubaker et ~., 1969). Sword (1966} markedly enhanced the 

virulence of L. monocytogenes for mice by intraperitoneal inoculation of 

iron compounds. Bullen et ~- (1967} abolished the protective effects of 

Clostridium welchii antitoxin in mice by injecting ferrous iron simultaneously 

with the antitoxin. 

Iron-binding proteins have been identified in serum (Schade and 

Caroline, 1946), duodenal mucosa, milk, saliva, bile, seminal secretions 

(Worwood et ~-, 1971; Forth et ~-, 1971; Pollack et ~-, 1972) and in 

myeloperoxidase, an enzyme present in the granules of neutrophils (Chandra, 

1973). The availability of these proteins is important for regulation of 

body iron homeostasis and indirectly for binding free iron, making it 

unavailable for bacterial growth. Schade and Caroline (1944) demonstrated 

that in vitro growth of Shigella dysenteria, Staphylococcus aureus and 

£.. coli, were decreased significantly if iron-binding conalbumin from 

egg white was added to the media. The enhancement of in vivo bacterial 

growth appears to be dependent upon saturation of these iron-binding 

proteins resulting in unbound serum iron being available for utilization 

by bacteria (Table 41). 

Certa i.n pathogens have the ability to sequester i. ron by producing 

their own iron-binding protetns (siderophores) .. Salmonellae produce 
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TABLE 41. ... In vitro" evidence of bacteria 1 growth enhancement by iron. 

Bacterial Bacterial 
Culture Dosage of growth growth not Form of 

Organism media iron enhanced enhanced iron Reference 

Pasteurella rabbit saturate + F.A.C. a Bullen et ~- (1967 
multocida serum transferrin . 

Eschirichia rabbit saturate + F.A.C. 
coli (0111) serum transferrin 

rabbit saturate + F.A.C. 
serum transferrin 

Yersinia human 1.4 ug Fe/ml serum + F.S. b Jackson and Morris 
lest·s serum 5.6 ug Fe/ml serum + F.S. + F.A.C. (1961) 

3 7) 
~ 

+::a 
Salmonella human 5.6 ug Fe/ml serum F.S. + F.A.C. N + 
t~~himuri urn serum 

Sta~h~lococcus human 5.6 ug Fe/ml serum + F.S. + F.A.C. 
au reus serum 

Shigella human 5.6 ug Fe/ml serum + F.S. + F.A.C. 
dysenteria serum 

Yersinia pestis human 6 ug Haemin/ml serum + Haemin 
(M3, M7) serum 

human 10 ug RBC/ml serum + lysed mouse RBC 
serum 

Listeria synthetic 0.1 ug Fe/ml serum + F.S. + F.A.C. Sword (1966) 
monocytogenes media 

100 ug Fe/ml serum + F.S. + F.A.C. 

a Ferric ammonium citrate. 
b Ferrous sulfate. 



2,3-dihydroxybenzoylserine and certain fungi produce densferrioxamines 

(Weinberg, 1974). Sword (1966) reported that Listeria monocytogenes can 

enhance its own virulence by utilizing iron released through hemolysis 

of host red blood cells. 

Iron has not been incriminated in direct impairment of primary 

immunologic defences although Chandra (1973) reported that myeloperoxidase 

levels and subsequent neutrophil killing efficiency were decreased in 

human patients with iron deficiency anemia. 

Parenteral administration of quantities of iron sufficient to 

saturate transferrin levels resulted in positive enhancement of bacterial 

growth and subsequent increased bacterial virulence (Table 42). Sword 

(1966) was unab 1 e to demonstrate enhanced' virulence of L. monocytogenes 

in mice dosed orally with large quantities of iron, but the virulence 

of the bacteria increased if the iron was administered by the intra

peritoneal '(IP) or intravenous (IV) routes. Intestinal absorption of 

iron is reg~lated stringently, and it is difficult to saturate serum 

iron-binding proteins by administering oral iron. 
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TABLE 42. 11 ln vivo .. evidence of iron-infectious disease interaction. ---

Route No effect 
bacterial Form of Dosage Route of iron Enhanced on 

Organism Species challenge iron of iron administration mortality mortality Reference 

Clostridium guinea pig IVa FACb 5 mg/kgc IV + Bullen et ~- (1967) 
welchii 
Escherichia guinea pig IPd FAC 5 mg/kg IP + Bullen et ~· (1968) 
co 1 i ( 0111) IP Haematin 5 mg IP + 

IP e L . G . P . E . 1 9 2 mg IP 
IP human Hbf 135 mg IP + 

Klebsiella mice IP FAC 2 mg/kg IP + Martin et ~· (1963) 
pneumoniae IP FAC 2 mg/kg IMg. + 

Ich FAC 2 mg/kg IM + 
--1 

.r::::. IC FAC 

.r::::. 
2 mg/kg IP + 

Pseudomonas mice IP FAC 2 mg/kg IP + Martin et ~· (1964) 
aeruginosa 
Yersinia mice IV F.S. i 40 ug IV + Brubaker et ~- (1969) 
pestis IP F.S. 40 ug IP + 

SQj F.S. 40 ug SQ + 

Listeria mice IP FAC 240 ug IP + Sword (1966) 
monocytogenes IP F.S. 240 ug IP + 

IP produced + 
hemolytic 
anemia 

IP F.S. not stated oral + 

a intravenous e lysed guinea pig erythrocytes i ferrous sulphate 

b ferric ammonium citrate f human purified hemoglobin j subcutaneous 

c mg Fe/kg body weight g intramuscular 
h intracardiac 

d intraperitoneal 



4.2 Experiment IV: Interaction between Pasteurella multocida 

(19781-2) and ingested lead, lead-iron and iron pellets 

in mallard ducks 

4.2.1 Rationale 

Both iron and lead are capable of interacting with the immune system· 

and of potentiating certain infectious disease processes. The objectives 

of this study were to: 

( 1) determine if ingested 1 ead, 1 ead-i ron or i. ron pe 11 ets enhanced 

mortality among mallard ducks challenged with f.. multocida 9 or 

21 days after dosing with pellets 

(2) study the morphological changes in the spleen of lead-exposed 

mallard ducks challenged with f.. multocida 

(3) study the microscopic ·lesions in the peripheral nervous system 

of mallard ducks exposed to lead. 

4.2.2 Materials and methods 

4.2.2.1 Experimental birds and management 

Day-old mallard ducklings were obtained1 and raised under the same 

management conditions as ducks in Experiment I. All ducks were fed a 

commercial duck ration2. Ducks in group B of trial II were fed· commercial 

diet for the initial 5 weeks and thereafter fed whole mixed grain (50% 

wheat, 50% barley). Birds of different ages were used in each trial as 

outlined under experimental design. The infection trials were done in 

a separate isolation room where birds were housed in cages as described 

in Experiment I. 

a Dr. J.L. Shapiro, Avian Behavior Laboratory, Department of Psychology, 
University of Manitoba, Winnipeg, Manitoba, Canada. 

b Unmedicated duck and goose starter, Federated Cooperatives Limited, 
401-Z2nd Street East, Saskatoon, Saskatchewan, Canada. 
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4.2.2.2 Pellet types 

The pellets used were lead, lead-iron and iron pellets as described 

in section 2.2.2.2 of Experiment I. 

4.2.2.3 The bacterium 

Frozen vials of P. multocida (19781-2) prepared for Experiment III 

were used as challenge bacteria in all trials. The bacterial cultures 

were reconstituted and diluted in the manner described in Experiment III 

and a lxlo-3 dilution of broth culture was used as the standard inoculum 

in all trials. The absolute number of bacteria in each inoculum varied 

from trial to trial. 

4.2.2.4 Experimental challenge 

The ducks were dosed with the appropriate pellet type via stomach 

tube as described in Experiment I. Control birds were stomach tubed in 

a similar fashion but received no pellets. Bacteri~l challenge was by 

intra-air sac inoculation as described in Experiment III. Each duck 

received 0.5 ml of a 1x103 dilution of broth culture of~- multocida. 

Pellet control ducks received a similar inoculation of sterile saline. 

4.~.2.5 Experimental design 

Four trials were performed using ducks of different ages. Ducks in 

Trials I, II, III and IV were 16, 18, 5 and 7 weeks old, respectively. 

Ducks in Trials I, II and III were dosed with the appropriate type and 

number of pellets as outlined in Tables 43, 44, and 45, respectively. 

On day 9 post-dosing·with pellets the birds were exposed to f. multocida. 

This corresponded to the time at which blood lead concentrations were 

found to be maximal in Experiment II. The ducks in Trial IV were dosed 

with p~llets as shown tn Table 46 and exposed to f. multocida on Day 21 

post-dosing, (in experiment II, the blood lead concentrations were 

decreasing by day 18). All trials lasted 7 days after bacterial 
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TABLE 43. Experiment IV Trial I - Experimental design and results of 
combined challenge with ingested lead pellets and Pasteurella 
multocida infection in 16 week-old mallard ducks. Bacteria 
were administered 9 days after administration of pellets. 

Number of Number of 
birds pelletsa 

2 4 

2 8 

2 8 

2 0 

a Number of pellets per bird. 

b Number of bacteria per bird. 

Number of 
organismsb 

2.04xl06 

2.04xlo6 

0 

2.04xlo6 

c Number of dead/number challenged. 
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0/2 0 

0/2 0 

0/2 0 

l/2 50 



TABLE 44. Experiment IV Trial II - Experimental design and results of 
combined challenge with ingested lead pellets and Pasteurella 
multocida infection in 18 week-old mallard ducks. Bacteria 
were administered 9 days after administration of pellets. 

Number of Number of Number of 
Group (feed) birds pelletsa organismsb Mortalityc 

A (commercial 5 4 2.0x106 2/5 
feed) 5 8 2.0x106 l/5d 

5 10 2.0x1o6 l/5 
3 10 0 l/3d 

5 0 2.0x106 3/5 

B (mixed grain) 5 4 2.0x106 0/5 
5 8 2.0x106 l/5 
5 10 2.0x1o6 l/5d 

3 10 0 l/3d 

4 0 2.0x106 2/4 

a Number of pellets per bird. 
b Number of bacteria per bird. 
c Number dead/number challenged. 
d Death attributed to lead poisoning. 
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40 
20d 

20 
33d 

60 

0 
0 

20d 
33d 

5Q 



TABLE 45. Experiment IV Trial III - Experimental design and results of 
challenge of 5 week-old mallard ducks given various numbers of 
lead, lead-iron and iron pellets and challenged on day 9 with 
6.0xlo5 Pasteurella multocida (19781-2). 

Pellet Number of Number of 
type pelletsa birds P. multocida Mortality 

Lead 4 5 +b 0/5c 

8 5 + 0/5 
10 5 + 0/5 
10 2 d 0/2 

Lead-iron 4 5 + 0/5 
8 5 + 0/5 

10 5 + 0/5 
10 2 0/2 

Iron 4 5 + l/5 
8 5 + 2/5 

10 5 + l/5 
10 2 0/2 

None 0 8 + 3/8 

a Number of pellets per bird. 
b + - bacteria inoculated. 
c Number dead/number challenged. 
d - - no bacteria inoculated. 
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0 
0 
0 
0 

0 
0 
0 
0 

20 
40 
20 

0 

38 



TABLE 46. Experiment IV Trial IV - Experimental design and results 
of challenge of 7 week-old mallard ducks given various 
numbers of lead, lead-iron and iron pellets and challenged 
on day 21 with 1.25xlo5 Pasteurella multocida (19781-2). 

Pellet . Number of Number of 
type pelletsa birds P. multocida Marta 1 i ty 

Lead 4 6 +b 0/6c 

8 6 + 1/6 
10 6 + 0/6 
10 5 -d 0/6 

Lead-iron 4 6 + 0/6 
8 6 + l/6 

10 6 + 2/6 
10 5 0/6 

Iron 4 6 + 2/6 
8 6 + 0/6 

10 6 + l/6 
10 5 0/6 

None 0 6 + 2/6 

a Number of pellets per bird. 
b + - bacteria inoculated. 
c Number dead/number challenged. 
d - - no bacteria inoculated. 
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0 
17 
0 
0 

0 
17 
33 

0 

33 

0 
17 

0 

33 



challenge. Any birds that died were necropsied as soon as possible after 

death and at day 7 a~l surviving birds were killed with intravenous injection 

of a saturated barbiturate solution and necropsied immediately. The gross and 

microscopic criteria established in Experiments I, II and III were used to 

determine the cause of death, i.e. whether the ducks had died of avian 

cholera, lead poisoning or the combined effect of both agents. 

4.2.2.6 Analytical methods 

Routine samples of major organs were taken from all birds in 

Trial II. The tissues were fixed in 10% neutral buffered formalin, 

embedded in paraffin, sectioned and stained with H&E for light microscopic 

examination. Particular attention was given to the lymphoid organs 

(spleen and bursa of fabricius) and the peripheral nervous system. 

Brachial, vagus and sciatic nerves were dissected free and stapled in 

a slightly-stretched position on cardboard before immersion in formalin 

to prevent contraction of nerve fibers. Microscopic evaluation of all 

tissues was done in a "blind" manner as described in Experiment I. Nerve 

sectidns that had changes suggestive of lesions were stained with luxol

fast-blue cresyl-violet stain for myelin. Osmium tetroxide teasings 

(Walsh, 1970) were prepared from nerves that had advanced lesions. 

Liver and kidney from all birds in Trial II except the Pasteurella 

cont~ol birds that died of E· multocida infection, were analysed for 

lead content by the Department of Physiological Sciences, Western College 

of Veterinary Medicine, using atomic absorption spectrophotometry. Lead 

concentrations wer.e reported on a "wet weight" basis. 

Liver, lung and spleen of all birds that died and any surviving birds 

with extensive lesions were submitted for bacterial culture to the Department 

of Veterinary Microbiology, Western College of Veterinary Medicine. 

- 151 -



4.2.3 Results 

4.2.3.1 Mortality 

The mortality which occurred in Trials I-IV is shown in Tables 43-46, 

respectively. Ducks in Trial II that were predosed with lead pellets had 

a significantly lower mortality due to J:. multocida than did Pasteurella 

control birds (Chi 2 test, P<.05}. There was no difference in mortality 

among birds dosed with 4, 8 or 10 lead-pellets. Ducks in Trial III 

dosed with either lead or lead-iron pellets had significantly lower 

mortality than did either the Pasteurella control group or the group 

dosed with iron pellets (Chi 2 test, P<.Ol). There was no significant 

difference in mortality· between groups dosed with iron and the Pasteurella 

controls. Ducks in Trial IV predosed with lead pellets had significantly 

lower mortality than did the Pasteurella control ducks (Chi 2 test, P<.05). 

There was no difference in mortality among birds pretreated with lead-iron 

pellets, iron pellets and Pasteurella control birds. 

4.2.3.2 Gross pathology 

The gross lesions observed in trials I, II, III and IV are summarized 

in Tables 47, 48, 49, and 50, respectively. In all trials the relative 

frequency of occurrence of lesions was higher among the Pasteurella control 

birds and those dosed with iron pellets than among the birds which received 

lead pellets. However, only in Trial IV was this difference significant 

statistically. The group predosed with lead pellets had a lower prevalence 

of airsacculitis than did the pasteurella control birds in that trial 

(Chi 2 test, P<.05}. 
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TABLE 47. Experiment IV Trial I -Occurrence of gross lesigns in 
16 week-old mallard ducks challenged with 2.04xl0 ·Pasteurella 
multocida (19781-2) organisms 9 days after dosage with lead 
pellets. 

Lesion 

Number of Number of Widespread Splenic Hepatic Air sac 
birds pelletsa hemorrhageb necrosis necrosis lesions 

2 4 0/2 0/2 0/2 l/2 

2 8 0/2 0/2 0/2 2/2 

2 gC 0/2 0/2 0/2 0/2 

2 0 l/2 l/2 l/2 2/2 

a Number of pellets per bird. 
b Number of birds with lesion/number challenged. 
c Lead control, not challenged with~- multocida. 
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TABLE 48. Experiment IV Trial II - Occurrence of gross lesions in 
18 week-old mallard ducks challenged with 2.0x1o6 Pasteurella 
multocida (19781-2) organisms 9 days after dosage-with lead 
pellets. 

Lesion 

Number of Number of Widespread Splenic Hepatic 
Group (feed) birds pelletsa hemorrhage necrosis necrosis 

A (commercial 5 4 l/5b 2/5 0/5 
diet) 5 8 0/5 0/5 0/5 

5 10 0/5 0/5 0/5 
3 lOc 0/3 0/3 0/3 
5 0 3/5 3/5 0/5 

B (mixed grain 5 4 0/5 0/5 0/5 
diet) 5 8 0/5 1/5 l/5 

5 10 0/5 0/5 0/5 
3 1 ac 0/3 0/3 0/3 
4 0 l/4 2/4 0/4 

a Number of pellets per bird. 
b Number of birds with lesion/number challenged. 
c Lead control, not challenged with P. multocida. 
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3/? 
2/5 
1/5 
0/3 
5/5 

3/5 
l/5 
l/5 
0/3 
2/4 



TABLE 49. Experiment IV Trial III - Occurrence of gross lgsions in 
5 week-old mallard ducks challenged with 6.05xl0 Pasteurella 
multocida (19781-2) organisms 9 days after dosage with lead, 
lead-iron or iron pellets. 

Lesion 

Pellet Number of Number of Widespread Splenic Hepatic Air sac 
type pelletsa bi-rds hemorrhage necrosis necrosis lesions 

Lead 4 5 0/5b 0/5 0/5 3/5 
8 5 0/5 0/5 0/5 2/5· 

10 5 0/5 0/5 0/5 l/5 
10 2c 0/2 0/2 0/2 0/2 

Lead-iron 4 5 0/5 0/5 0/5 4/5 
8 5 0/5 0/5 0/5 1/5 

10 5 0/5 0/5 0/5 2/5 

10 2c 0/2 0/2 0/2 0/2 

Iron 4 5 1/5 l/5 l/5 4/5 
8 5 1/5 1/5 0/5 4/5 

10 5 0/5 l/5 0/5 2/5 
10 2c 0/2 0/2 0/2 0/2 

None 0 8 2/8 3/8 2/8 5/8 

a Number of pellets per bird. 
b Number of birds with ·lesion/number challenged. 
c Pellet controls, not challenged with f. multocida. 

- 155 -



TABLE 50. Experiment IV Trial IV- Occurrence of-gross lesions in 
7 week-old mallard ducks challenged with 1.25xlo5 Pasteurella 
multocida (19781-2) organisms 21 days after dosage with lead, 
lead-iron or iron pellets. 

Lesion . 

Pellet Number of Number of vJi despread Splenic Hepatic Air sac 
type pelletsa birds hemorrhage necrosis necrosis lesions 

Lead 4 6 0/6b 0/6 0/6 3/6 
8 6 1/6 l/6 l/6 5/6 

10 6 0/6 0/6 0/6 0/6 
10 5c 0/5 0/5 0/5 0/5 

Lead-iron 4 6 0/6 0/6 0/6 5/6 
8 6 l/6 l/6 0/6 4/6 

10 6 2/6 2/6- 2/6 5/6 
10 5 c· 0/5 0/5 0/5 0/5 

Iron 4 6 2/6 1/6 l/6 5/6 
8 6 0/6 0/6 0/6 5/6 

10 6 1/6 l/6 0/6 2/6 
10 sc 0/5 0/5 0/5 0/5 

None 0 6 2/6 2/6 0/6 6/6 

a _Number of pe 11 ets per bird. 
b Number of birds with lesion/number challenged. 
c Pellet controls, not challenged with f. multocida. 
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4.2.3.3 Histopathology 

The microscopic lesions found in the organs of birds that died 

acutely of E· multocida (19781-2) were similar to those described in 

Experiment III. Particular attention was given to the lymphoid systems 

of birds which received both lead and P. multocida and to the nervous 

system of ducks dosed with lead. 

Peripheral nerve lesions were found only in those birds fed the 

mixed grain diet, and not in birds fed the commercial diet. A segmental, 

demyelinating, peripheral neuropathy which involved random nerve fibers 

was found in 50% (4 of 8) of the grain-fed ducks dosed with 10 lead 

pellets and in 10% (1 of 10) of the birds that received four lead pellets. 

The lesions were similar to those described in Experiment II. The vagus 

nerve was affected more often and more severely than were the brachial 

or sciatic nerves. There was no relationship apparent between the occurrence 

of peripheral nerve lesio.ns and retention of lead in the kidneys (Table 51). 

Areas of microhemorrhage were seen within the cerebellum of two 

surviving grain-fed ducks dosed with 10 lead pellets and challenged with 

E· multocida and one lead control duck dosed with 10 lead pellets. These 

areas were characterized by vac_uolation of the junctional area between 

the molecular and granular layers, small accumulations of macrophages, 

and necrosis of individual Purkinje cells. The foci of necrosis and 

macrophage accumulation likely represented areas of post hemorrhage. 

The pathogenesis and significance of these lesions is unclear. 

Splenic changes in birds that su_rvived E· multocida challenge were 

categorized into one of three groups (active, arrested, depleted) based 

upon the morphology of the splenic follicles. "Active" follicles were 

large, well developed and contained many mature basophilic small 
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TABLE 51. Experiment IV Trial II. The occurrence of peripheral neuropathy in lead-poisoned 18-week-old 
mallard ducks fed a commercial ration and those fed a diet of mixed grain. The ducks were 
challenged at day 9 with Pasteurella multocida (19781-2). The retention of lead in the kidney 
(ppm wet weight) of each bird is also shown. 

Commercial diet Grain diet 
Number 

of a Vagus Brachial Sciatic Kidney Vagus Brachial Sciatic Kidney 
pe.ll ets nerve nerve nerve 1 ead (ppm) nerve nerve nerve lead (ppm) 

4 b 15.30 NEe NE - .. - - -
4 - NE - 7.47 - NG - NE 
4 - NE - 4.63 - - - NE 
4 - NE - 2.43 - - - 14.94 
4 - NE - 2.67 ++d +e. + 69.26 

8 - NE - 18.93 - NE - 52.36 
8 - NE - 53.88 - NE - 64.21 
8 - NE - 46.34 - - - 16.48 
8 - - - 10.52 - - - 29.41 
8 - NE - 32.39 - NE - 8.20 

10 - - - 20.83 - NE - 115.9 
10 - NE - 16.42 + NE + 32.67 
10 - NE - 12.55 + + + 28.88 
10 - - - 15.77 + - + 9.81 . 
10 - - - 9.36 ++ + +· 125.00 

a Number of pellets per bird 
b no evidence of neuropathy 
c NE - not examined 
d ++ - severe neuropathy present 
e + - neuropathy present 



lymphocyt_es and numerous mitotic figures. Sma 11 dark lymphocytes and 

plasma cells encircled the follicular areas and extended into the red 

pulp (Fig. 41). 11 Arrested 11 follicles were approximately twice the size 

of those observed in active spleens, and were composed of large lightly 

basophilic lymphoblastic cells, with few mitotic figures and few mature 

lymphocytes. The areas around sheathed arterioles contained predominantly 

reticuloendothelial (RE) cells suggestive of RE hyperplasia (Fig. 42). 

11 Depleted 11 follicles were atrophic and inactive and the RE component of 

the spleen was prominent. These closely resembled spleens 

described as 11 Severely depleted 11 in Experiment II. The occurrence of 

the various classes of splenic follicular morphology is summarized in 

Table 52. 

No ~orphologic differences in the bursae were found between the 

Pasteurella control birds and those birds pretreated with lead, with 

the exception of two ducks that had kidney lead concentrations of 115 

and 125 ppm, respectively. These birds had severely depleted follicular 

areas in the bursae. 

4.2.3.4 Tissue lead concentration 

The retention of lead in liver and kidneys of birds fed either whole 

mixed grain or commercial diet is summarized in Table 53. Lead retention 

in grain-fed ducks was consistently higher than (sign test, P<.Ol), but 

not significantly different (unpaired 11 t 11 test, p>.05} from lead retention 

in ducks fed the commercial diet. Dosing with a larger number of pellets 

did not result in increased soft tissue lead retention in either diet 

group. 
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TABLE 52. Experiment IV Trial II~ Occurrence of various classes of.splenic morphology among 18-week-old 
mallard ducks challenged with 2.0 x 106 Pasteurella multocida 9 days after having been dosed 
with various numbers of lead shot. Concentration of lead in kidney (ppm wet weight) are also 
shown. 

Active follicle Arrested follicle Depleted follicle 

Number Number Number 
of Lead of Lead of Lead 

pellets (ppm) pellets (ppm) pellets (ppm) 

0 0.89 4 11.63 10 125.00 

0 0.78 4 69.20 8 18.93 

0 1.23 10 16.42 8 53.88 

4 2.67 10 9.36 10 12.50 

4 2.43 10 28.80 

10 9.80 

10 15.77 
Mean lead concen-
t~ation in kidney 
(x ~ SE) of each 
class 4.79 + 1.94 26.65 + 12.12 A7.82 + 20.53 

Classes of morphology defined in text (Page ) . 
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TABLE 53. Experiment IV Trial II. Concentration of lead {ppm wet weight) in liver and kidney 
. of 18 week~old mallard ducks fed either commercial diet or mixed grain and dosed with 
lead pellets. The birds were challenged with Pasteurella multocida (19781-2) on day 9 
after dosing. 

Liver 

Number 
of Commercial Grain Commercial 

pellets diet diet diet 

a (i + SE) of 2 ducks 

b (i! SE) of 5 ducks · 

a 

b 7.91 + 2.52 

28.37 + 7.77b 

14.67 + 1.70b 

Kidney 

Grain 
diet 

a 

42. 10 + 27. 16a 

40.61 + 10.8lb 

62.47 + 24.03b 



4.2.3.5 Bacteriology 

Pasteurella multocida was isolated from the l~ng, liver and spleen 

of all birds that died acutely after challenge witn P. multocida. No 

bacteria were isolated from four ducks that died in Trial II. However, 

all four birds had gross and microscopic lesions consistent with lead 

intoxication. Pasteurella multocida was not~isolated from the tissues 

of birds that survived bacterial challenge. 

4.2.4 Discussion 

None of the pellet types tested increased mortality due to subsequent 

infection with P. multocida. Prior exposure to lead in the form of lead 

or lead-iron pellets had a decided protective effect for birds. The 

mortality among groups given lead shot and challenged with~· multocida 

was always lower than the mortality among groups .given~- multocida alone. 

Lead-iron shot had a lesser protective effect; bird~ challenged at 9 

days post-dosing with lead-iron pellets had a lower mortality rate than 

did infected controls, but no protection was evident among lead-iron birds 

challenged at 21 days post-dosing. This suggested that the protection 

afforded by lead was dependent upon the blood lead concentration which 

from Experiment II was known to decline by 18 days post dosing. 

Birds that received lead pellets had degenerative changes in the 

spleen. Normal splenic white pulp has a variable appearance as it 

responds to different stimuli. The splenic white pulp of non-lead treated 

birds, that survived f_. multocida challenge, responded in normal fashion 

with production and release of mature small lymphocytes and plasma cells. 

The spleen of a number of birds pretreated witfi lead had large splenic 

follicles that contained undifferentiated lympfloblasts but had almost 
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no mature small lymphocytes or plasma cells. These follicles appeared to 

be responding to the P. multocida challenge but were unable to differentiate 

to mature lymphoid cells. The, morphological appearance of these follicles 

was similar to that described by Wobeser et ~· (1976) in methyl mercury

intoxicated mink. Lukes (1970) described similar proliferation of un

differentiated basophilic stem cells in several disease states in humans 

including graft rejection, infectious mononucleosis, Herpes simplex 

infection, post-radiation therapy and post-bone marrow damage. The severe 

follicular depletion observed in the group classified as 11 depleted 11 was 

similar to changes described in mercury-poisoned ferrets (Mustela putorius) 

(Hanko et ~-, 1970) .and rats (Diamond and Sleight, 1972) and in poly

chlorinated biphenyl (PCB)-intoxicated chickens and rabbits (Street and 

Sharma, 1975). Birds with microscopic evidence of altered splenic 

reactivity had higher but not significantly different (unpaired 11 t 11 

P<.05) mean soft tissue retention of lead than did birds with normally 

responding splenic follicles. 

Ducks pretreated with lead had microscopic evidence of altered 

splenic reactivity and yet suffered significantly lower mortality to 

~- multocida than did birds that received no lead. This suggested that 

lead either stimulated some undefin~d host defence mechanism or directly 

inhibited the bacteria. Pretreatment of birds with iron pellets produced 

no observable effect on the susceptibility tot· multocida. 

Peripheral nerve lesions similar to those described in Experiment II 

occurred in lead-dosed ducks fed gral'n but not in birds fed the commercial 

diet. There was no obvious relationship between the occurrence of nerve 

lesions and soft tissue retenti'on of lead; for example, one duck with a 
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lead concentration of 9.81 ppm in the kidney had severe neuropathy 

whereas birds with much greater tissue lead retention, including a single 

bird with 115.9 ppm lead in the kidney, did not develop nerve lesions. 

The pathogenesis of lead-related neuropathy may be dependent on 

circulating lead concentrations rather than upon soft tissue lead 

retention. 
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4.3 Experiment V: Interaction b~tween Pasteurella multocida 

and lead in vitro 

4.3.1 Rationale 

The results of the lead pellet-Pasteurella multocida infection 

trials (Experiment IV) suggested that lead was either increasing the 
11 resistance 11 of ducks to f.. multocida or was decreasing or inhibiting 

the pathogenicity of the bacterium. The lead pretreated ducks had 

microscopic changes in the spleen that suggested altered or decreased 

immunologic reactivity. These observations suggested that lead must be 

interacting directly with the bacterium. The objective of this experiment 

was to investigate the effect of lead on the growth of f.. multocida 

(19781-2) in vitro. 

4.3.2 Materials and methods 

Three separate trials were performed. Lead acetate powder was 

incorporated into 5% sheep blood agar plates at various concentrations 

(Table 54). The maximum concentration of lead used corresponded to the 

blood lead concentrations observed in lead-exposed mallard ducks in 

Experiment II. Pasteurella multocida (19781-2) was recon·stituted in 

the standard manner from frozen litmus milk vials prepared in Experiment III. 

A lxlo-6 dilution of broth culture was prepared to obtain a countable 

number of colonies on agar plates. A 0.1 ml amount of this dilution 

was plated on lead-impregnated blood agar plates and onto an equal number 

of blood agar plates that contained no lead (Table 54). Colonies were 

counted after 24 hr incubation at 37C. The colony growth of both the 

lead treated and control plates in Trial I was photographed at 24 and 
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48 hr incubation using a 11 Reprovit" camera set at a fixed height. 

Colony size was then measured by enlarging prints of these photographs 

to a standard size that facilitated easy measurement. 

4.3.3 Results 

The results of the 24 hr plate counts are summarized in Table 54. 

Growth of P. multocida was significantly decreased on all plates that 

contained lead (paired 11 t 11 test, P<.05). Bacterial growth was inhibited 

completely at lead concentration of 20 ppm. Colonies on blood agar 

containing lead were reduced significantly in size compared to those on 

the control plates after 24 hr incubation {paired "t 11 test, P<.05). 

4.3.4 Discussion 

The results of these experiments showed that lead at coricentrations 

similar to those found in ducks exposed to lead or lead-iron pellets 

inhibited the growth oft. multocida (19781-2) ~vitro. The decreased 

colonial size of P. multocida grown on blood agar containing lead 

suggested that the action of lead was bacteriostatic, slowing bacterial 

generation time. 
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TABLE 54. Experiment V. The effects of various concentrations of lead added to blood agar media on 
the~ vitro growth of Pasteurella multocida (19781-2). 

Size of colony (mm) 
Lead in Number of Number of (x + SE) 

Trial media (ppm) plates colonies (x + SE) 24 hr. 48 hr. 

1 0 5 45.00 + 2.81 1.55+0.16 2.50 + 0.23 

10 5 18.20 + 2.52 lo05 + 0.05 2o00 + 0.09 

2 0 6 269.00 + 9.11 

5 6 0.50 + 0.22 

10 6 0.17 + 0.17 

3 0 6 41.00 + 2.50 

5 6 26.33 + 1.91 

10 6 29.67 + 1.98 

20 6 .0 



5.0 GENERAL DISCUSSION 

The primary objective of this study was to determine if lead, 

lead-iron or iron shot would enhance the pathogenicity of the bacterium 

Pasteurella multocida, the causative agent of avian cholera. This concern 

ar6se from observations that both lead and iron may act in synergism 

with various infectious agents and from the realization that many water

fowl ingest and carry sublethal quantities of shot in their digestive 

tract. The results of these experiments have shown that none of the 

shot types increased the vulnerability of birds to .E_. multocida and that 

lead had an unexpected protective effect against infection. This 

protective effect appeared to be related to the blood lead concentration 

and in vitro trials demonstrated that lead, at concentrations equivalent 

to that present in the blood of ducks that had ingested lead shot, inhibited 

the growth of .E_. mul tocida·. These findings suggest that the observed 

protective effect in vivo was due to direct action of lead on the bacterium, 

rather than being due to stimulation of some unknown resistance factor. 

Birds exposed to lead had microscopic evidence of degenerative changes 

in follicular areas of the spleen. Splenic follicles of lead-exposed birds 

challenged with .E_. multocida appeared to be unable to produce mature 

lymphocytes and plasma cells, suggesting maturation arrest of lymphoblasts 

within germinal centers. As the B-cell dependent areas were most severely 

affected, these birds might have had suppressed humoral responses. Primary 

antibody suppression has been reported in lead-exposed mice (Hemphill et 

!]_., 1973; Koller and Kovacic, 1974) and rabbits (Koller, 1973) using 

immunologic techniques, but morphological alterations in splenic follicles 
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have not been well described. Despite this microscopic evidence of 

altered immune responsiveness, lead-exposed ducks challenged with 

f.. multocida, had significantly lower mortality than did birds not 

exposed to lead. The immediate response to P. multocida challenge in 

ducks previously 11 naive 11 with respect to the bacterium is likely 

dependent upon heterophils and other non-specific phagocytic cells. 

An infective dose-mortality response was observed in the experimental 

P. multocida infections, i.e. the larger the infective dose of bacteria 

the more rapidly an overwhelming infection developed. This was likely due 

to the number of bacterial generations, and hence the amount of time 

required, before an overwhelming number of bacteria was reached. If 

less bacteria were given, more generations of bacteria were required to 

produce an overwhelming infection, thereby increasing the likelihood of 

control by the host. 

Lead reduced both the number and the size of colonies of P. multocida 

on culture media~ vitro, suggesting that it was acting in a bacteriostatic 

manner. Lead may have performed the same function in vivo, retarding 

bacterial growth and allowing time for host resistance factors to overcome 

the infection. Lead did not appear to have any deleterious effect upon 

heterophils and other non-specific phagocytes and any suppressive effects 

on humoral or cellular immunity might be inconsequential in the immediate 

response to f.. multocida. The phenomenon of protection from avian cholera 

by lead is unlikely to be of any significance in the wild, but the lack 

of enhancement of P. multocida infection by any of the shot types is of 

importance. The altered splenic follicular reactivity observed in lead

exposed ducks may have significance in other diseases of waterfowl 
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such as viral infections in which humoral or cellular immunity are of 

more importance than in acute_ avian cholera. 

The results of these experiments have demonstrated the ability of 

waterfowl on an adequate diet to resist the toxic actions of lead and 

have also confirmed the greater susceptibility of older birds to lead 

poisoning. Lead-iron and iron pellets had no apparent adverse effects 

on mallard ducks. 

The blood lead concentrations of ducks dosed with lead pellets peaked 

at approximately 9 to 10 days post-dosing and then declined. Clinical 

signs and erythrocyte fluorescence followed a similar pattern. Ducks 

dosed with an equivalent number of lead-iron pellets had lower circulating 

lead concentrations than did those given lead pellets, but the temporal 

blood lead distribution was similar in the two groups. The blood lead 

concentration in the lead-exposed ducks was many times higher than blood 

lead concentrations reported in lead-poisoned mammals. Similar findings 

in birds have been reported by others (Barret and Karstad, 1971; Clemens 

et ~., 1975). Despite the remarkably high blood lead concentrations 

found in the birds, soft tissue retentidn of lead was similar to that 

reported in mammalian species. 

A potentially important byproduct of this study was the recognition 

of peripheral neuropathy and encephalopathy in ducks dosed with large 

numbers of lead pellets. Many of the clinical signs seen in lead-poisoned 

birds, such as paresis, muscular atrophy, gizzard ·atony, crop impaction and 

muscular tremors, have been attributed variously to anorexia (Cook 

and Trainer, 1966 ), direct toxic effects of lead on muscle cells 

(Clemens et ~., 1975) or anemia (Irwin, 1977). Lead is neurotropic in 
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most species and lead-induced encephalopathy and neuropathy have been 

reported in mammals. Only a single reference was found in the 

literature (Hunter and Haigh, 1978) that reported similar lesions in 

birds. The present experiments demonstrated that a diffuse degenerative 

neuropathy could be present in lead-exposed birds that were still eating, 

were in good body condition and were not anemic. This suggested that 

nervous tissue damage was an early lesion and may be of importance in 

explaining the clinical manifestations of lead poisoning in birds. The 

pathogenesis of the encephalopathy and neuropathy are not known. Pro

liferative vascular lesions such as those described in lead-poisoned 

primates (Sauer et ~·, 1970; Zook et ~·, 1970), dogs, (Zook, 1972) 

and rats (Pentschew and Garro, 1968) were not observed in .the experimental 

ducks. Central nervous system lesions were restricted to the cerebellum. 

Goldstein et al. (1974) have suggested that capillaries in the cerebellum --
of young animals are more susceptible to lead than are vessels elsewhere· 

in the brain. The nerve lesions developed much more rapidly in lead

exposed mallard ducks (10-15 days) than has been reported in mammals 

(several months) perhaps due to the high level of lead in the blood of 

the birds. Birds may be a potential model for studying the pathogenesis 

of lead-related neuropathies. 
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6.0 CONCLUSIONS 

1. Juvenile (5-week-old) mallard ducks.were more resistent to lead 

poisoning than were 18-week-old ducks. 

2. Diet influenced blood lead concentratioris and the occurrence of 

pathological lesions. 

3. Some ducks poisoned with lead had encephalopathy, peripheral 

neuropathy and degeneration of lymphoic organs. 

4. Birds infected with P. multocida via airsac inoculation either 

died within 96 hr post infection, or recovered. 

5. Chronic focal lesions were found occasionally in joints, eyes 

and airsacs of apparently recovered birds. P. multoctda was 

recovered from these lesions but not from parenchymatous organs 

or the nasal cavity. 

6. Lead, lead-iron and iron did not potentiate disease due to P. 

multocida. 

7. Lead had a protective effect against f. multocida infection. 

8. Lead at concentrations equivalent to the blood lead concentration 

in birds inhibited the growth of f. multocida in vitro. 
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