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ABSTRACT: We developed an ELISA procedluire to assess time presemmce of M. anati.s-specilic

serunm antibody in dimcks. Sera from exposed and ummexposed Pekimm ducks (Arias platyr/iynchos)

were uisedl to stammdardlize time ELISA ammdl to establish referemmce ramiges to classify ELISA results

as exposedl or not exposed. We conducted serological surveys of female waterfowl iim time cemmtral
and easterim Ummited States between 1988 aimd 1992 to assess time freqiieimcy of exposimre immwild
waterfowl. Adult 1)reedling mmiahlards (Ana.s’ platyrhynchos), wintering mimallards, ammdl black ducks

(Arias rubripes) Imad imigh prevalences of exposumre to M. anati.s’ (25% to >80%). 1mmcomparisomi,
none of time breedhing adult canvash)acks (Ayt/mya vali.s’ineria) imad senmm ammtibodv levels imidicatimig

exposure. Approximately 50% of time juvenile nmallards and black ducks were exl)osedl to M. anatis

by 8 montlms of age, indicating imighm tramismission rates ammmommgwild h)irds.
Key words: Mycoplasma anatfs, serology, enzyimie-hinked imniummosorbent assay, ELISA, wild

ducks, Pekin, mimallard, Anas platyrhynchos, canvasi)ack, Aythya valisineria, Ammmericamm black di mck,

Arias’ rubripes, mycoplasmmmas, suirvey.

INTRODUCTION

Mycoplasmimas (Mycoplasma spp.) fre-

quently hmave been isolated! from domestic

chmickemms (Gallus galbus) and! tuirkeys (Mdc-

agris galbapato) (Jordan ammd Amimimm, 1980;

Kleveim, 1994). Many of these mycoplas-

mnas cause clinical disease of time respira-

tory systemim or joint synovia (Yod!er, 1991).

In addition, aviamm mycoplasmas cause de-

creased productivity in captive-reared wild!

turkeys (Rocke et al., 1988) and domestic

poultry, arid! suppress growth rates in

young h)irds (Stipkovits, 1979). However,

less is known about the occurrence aimd ef-

fects of mnycoplasnnas in wild! (lucks.

Mycopbas ma anatis, M. cboacale, and!

other umimiclentified species have been iso-

lated frommm wild! North American d!ucks

(Gold!berg et al., 1995). Mycoplasma ana-

tis imas also been isolated fronm wild! ducks

in Egypt (El-Dimerd!ash et ah., 1985) amid!

Spairm (Povedla et al., 1990; Astorga et al.,

1994) amid! recovered from d!ommmestic ammdl

semni-domestic (lucks thmroughmout time \vorld!

(Bradbtmmy et al., 1987; El-Ebeed!y et al.,

1987; Ivammics et al., 1988). Mycopla.s’ina

anatis can be pathmogemmic to duickhimmgs aimd!

eggs, causes reduced growthm rates imm

young i)irds (Thin arid! Gout, 1989; Sammmumel

et al., 1995), amid! hmas been associated! witim

clinical dhsease in dlomestic ducks (Jordaim

and Amiim, 1980; Ivanics et al., 1988). My-

coplasmmmas (incluidling M. anatis) have beemm

cultured frommm mmewly imatcimed d ickhings

(Goldberg et al., 1995); thus vertical tramis-

mission from heims to duckhimmgs may occur.

Because few serological tests have been

developed! to measure antii)odlies to M. an-

atis, little is krmowim about exposure to thus

organism in wild! d!uicks.

As part of our studies to assess time

health status of wild! waterfowl iii tIme cemm-

tral and eastern United! States, we oh-

tamed serum samimples fromim mmmahiar!s (Arias

pbatyrhyncho.s’), canvashacks (Aytluja rabi-
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sineria), amid Amnericamm black (lucks (Ana.s’

rubripes). Our objectives for this portiomm

of time study were to develop aim emmzyme-

linked inmmmmummosorbemmt assay (ELISA) to

mmieasure serum antibodly, and determmmine

exposure of wild ducks to Al. anatis.

MATERIALS AND METHODS

StandardIzation of ELISA

Serimmmm ammtih)ody to Mycopla.s’ina anati.s was

mmmeasimred umsing ELISA essemmtially as dlescnbed
hiy Thiomimas ammd Sharp ( 1988), witim time simbsti-

tuitiomm of M. anatis-specific (luick ammtisera
(Goldberg et al., 1995) amid Al. anatis type

strain (Nummimber 25524, American Type Culture
Collection, Rockville, Marylammd, USA) as time
ammtigemm. Time specificity’ of time duck ammtisera was
verifiedl in time ELISA usimmg imeterologoims asian

mmiycoplasma ammtigens. We tested time specificity
of our ELISA amid foumnd mmmimmimmmalcross-reactiv-

ity with antigemms fronm stock cultures of the type
strain of M. gallisepticum, M. synoviae, M. gal-

linanon, M. gallipovonis, Al. umeru, amid M. io-

wae (Goldberg et al., 1995).

Negative referemmce serummmm was obtained frommi

an ummminfected 3-wk-old mmmallard raised imm an iso-

lation rooimm during our experimimental Al. anati.s’

studies (Sammmimel et al., 1995). We were unable
to recover mmmycoplasmimas frommm a traclmeah swab,
or tracheal or hmmmg tissues of this bird or any

otimer birds (n = 41) raised iii time same isolatiomm

room, umsing time procedumres of Goldberg et al.
(1995). Positive reference sera were obtained
frommm two 6-wk-old mallards initially immfected in
ovo with a field isolate of Al. anati.s (Sammmuiel et
al., 1995) amid imyperimimmmmunized by intratracimeal
inoculatiomm at 3 wk of age. Mrjcopla.sma anatis
was recovered frommi time traclmeal swabs from
botim birds h)y time mnetlmods of Goldberg et al.
(1995). Blood was collected b jumgular s’emmi-
puimmcture immto uimmtreated syringes ammd time serummmm
was separated by centrifugation (1500 X G for

20 mmmimm).TIme positive referemmce antisera were

pooled and frozemm at -20 C.
All ELISA tests were commdimcted following

tIme proceduire of Tlmommias and Slmarp (1988).
Briefly, after mimmimal sonication to disperse ag-
gregated cells, Al. anati.s’ antigemi was dilutedl to
5 pg mnycoplasmmma protein/mimi iii 0.1 M Na2CO3
(pH 9.6), amid 0.1 mu1 of dilumted ammtigemm (0.5 p.g
proteimi) was thmemm placed in wells of a 96-well
mmmicrotitration plate (Linbro, Flow Laborato-
ries, Itmc., McLeamm, Virginia, USA). Fohlowiimg

incubation at 37 C ovenmigimt, plates were
washed thmree tinmes with 0.15 M NaCI comitain-
ing 0.1% (weigimt/volummie) Tweeum 20 (Sigmmma

Cimemmiical Comumpammy, St. Louis, Missoumri, USA).
Next, 0.1 ml duck ammtisera dihltedl appropriate-

ly in phmosplmate buffered saline containing

0.05% (weight/vohummme) Tween 20 (PBS-T, pH
7.2) was placed in mimicrotitration wells and in-

cuhated for 90 mum at 20 to 22 C. After washing

as described above, affinity purified! goat anti-

dumck Imiirnimnoglobumlin G-imorseradhish peroxi-
dase (Kirkegaard and Perry Laboratories,

Gaithmersburg, Maryland) dihumted 1:500 in PBS-
T was added to mmmicrotitration wells (0. 1 ml/
well) amid incumbated at 20 to 22 C for 1 hmr,

followed! again by washmiimg. Color reagemmt (0.1
mmml) containing 0.4 mmmM 2,2’-azino-di-(3-etimyl-
hemmzthmiazoline-6-sulfonate) ( Sigmuma Chmemmiical
Co.) amid 1.5 ruM H20., iii 0.05 M citrate (pH
4) was then placed immto each well. Color was

developed for 45 mum at 20 to 22 C, and time
enzyme reaction was stopped by additiomm of 0.2
muil of 0.1 M hydrofluoric acid in 0.001 M etim-

ylemme-diarni ne-tetraacetic acid . Absorhammce

( A405) was mmmeasumred omm a mmiicrotitration plate

reader (MR580, Dyumatechm Laboratories, Alex-
andria, Virginia). Time (lumal wavelength mimode
was set at 410 mmmiifor test and 450 mmmiifor ref-
erence wavelengths, and a blammk was used on a
commtroi well, wimicim was included imm all assay
steps, but was mmot coatedi with antigemm. Time
nmean absorbamice (optical density, OD)
sumrement of qumadruphicate test sera was calcu-

lated and values were expressed as time percent

positivity relative to time positive reference samn-

pie; time ELISA value percemmt (EV%) = [(Test
OD - Negative referemmce OD)/(Positive ref-

erence OD - Negative referemmce OD)] X 100

(de Savigmmy and Vohler, 1980; Wright et al.,
1993).

Referemmce ranges for ELISA reactivity
(EV%) were estabhisimed for classifyiimg sera
frommm individual wild ducks as exposedl or not
exposed. Two) groumps of dommmestic Pekin ducks
were used to estabhisim tIme classification crite-
riomm. One groump (five mmmales, 34 femmiales) of 18-
wk-old Pekium ducks was obtained frommi a re-

search facility of a commumimercial (hick producer

(Maple Leaf Farms, lime., Milford, Indiamia,
USA). Based on prehimmmimmary ELISA serology,
Pekimm duicks frommm this soumrce were deemimed urn-

likely to have been exposed to M. anatis and

this grouip is referred to as tIme reference neg-
ative group. A secondl grouip (21 males, 42 fe-
males) of lO-mimo-old Pekimm dumcks, time reference
positive grouip, was also obtaimmed fromum a Maple

Leaf Farmmms closed commercial Pekin duck pro-
duction flock which had ELISA reactivity in pi-
lot studies. After collection of blood and tra-
chmeal swabs, ducks were umecropsied to collect

tissue sammiples (trachea, lummmg,and reproductive
orgamms) for isolation of mmmycoplasmmmas. Ducks
frommi these two groups were evaluated inde-
pemmdemmtly with swab and tissume sammiples pro-

cessed as described by Goldberg et al. (1995).
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Primumary mmmicroi)iological isolatiomi and passage
of mycoplasnmas was attemumpted uisimmg time mime-

diumn fornmumiatiomm of Jordlan (1983). Adldition-

ally, with time exception of nimme Pekimi dumcks
fronm the reference positive group, dumplicate

isolation attemiipts frommi swab and tissue sammm-
ples were mumadle uising SP-4 nmediumm (\Vhmit-

commib, 1983). Sera collected from time referemice
negative and positive groumps were assayedi for

Al. anatis-specific aumtibody in ELISA omm two

separate occasiomis. We averaged time replicate
ELISA EV% nmeasumremmmeumts for Pekin ducks imi

the reference negative (i� 14.6, 12 12.4)

and reference positive (.�I 81.1, � 78.8)

groumps.

Field methods and sample collection

\�Te obtained serummi samples frommm breedlimmg

mallards and cammvasbacks in tIme central Ummited

States, and from wintering mumallards andl black
ducks in time eastenm United States. Study lo-
cations and field mmmetimods are slmmmummmarizedl jim

Goldberg et al. (1995). Breeding mallards were
captured near Kumlm, North Dakota (46#{176}25’N,
98#{176}55’W) and Hitterdal, Miminesota (USA)
(47#{176}00’N, 96#{176}15’W) prior to spring nesting at-

tempts in 1988, 1989, and 1990. Breeding caim-
vasbacks at Agassiz National Wildlife Refumge

(NWR), near Tlmief River Falls, Minmiesota

(48#{176}18’N, 96#{176}00’W) were sammipled in time spring

of 1990. In tIme fall and winter of 1990 to 1991,
1991 to 1992, and 1992 to 1993, serumum sammuples
were collected fronm jumvenile (<12 nmo old) mal-

lards and black dumcks at time Ottawa NWR mmear

Oak Harbor, Ohmio (USA) (41#{176}37’N, 83#{176}10’W).
Adult (>12 mumo old) black dumcks were sammmpled
at the Tennessee N\VR near New Johmmmsommville,
Tennessee (USA) (35#{176}50’N, 87#{176}50’W) dlurimmg
time winters of 1990 to 1991 and 1991 to 1992;
juivenihe black ducks were samumpled dumring 1991
to 1992. All sera were stored at -20 C uimtil

testing. Ommly sera from female birds were used

in this stumdy.

Statistical analysis

\Ve condumcted a quadratic discrimmminant anal-

ysis (SAS, 1989) to statistically classify time as’-
erage ELISA antibody EV%s of tIme positive
(exposed) and negative (unexposed) referemmce
groups of Pekin ducks. We umsed time discrimuui-
nant analysis to establish a cut-off value thmat
provided a 95% probability of correctly classi-
fying positive titers to increase time specificity of
our test. Time ELISA valumes frommm oumr wild! h)ir(1
serum samples were classified as exposedl or
umnexposedi using criteria frommu timis evalumation.
We compared mumean ELISA antibody levels

among reference groups usimmg a t-test (Zar,

1984). McNernar’s test for relatedi samumples

(Daniel, 1978) was used to compare tIme pro-

portions of Al. anatis recovered from tIme same
tissumes using Jordan’s or SP-4 media. We ana-
lyzed seroprevalemuce diata fromuu wild birds usimmg

logistic regressiomi imietimods ( Hosmer ammo! Le-
mumeshmow, 1989). Dime to time differences in spe-

cies and ages of wildl birds samumpled, ammalyses

were condumctedl separately for summer (breed-

imug ducks) and winter data. Exact 95% confi-

dence immtervals on reported seroprevalence
diata were calcumiated based omm the F olistribim-

tiomm (Zar, 1984).

RESULTS

We were unable to recover mycoplas-

imias from tissues or swabs of 39 Pekins in

time ummexposed (reference mmegative) group.

In time exposed (reference positive) group,

M. anatis was isolated! from 21 (33%) of

63 birds. We conmpared Jordan’s and! SP-4

media usiimg duplicate samples frommm 54

Pekins in time exposed group. None of time

ovaries fromum 35 femmmales were positive for

Al. anatis usiimg eitimer media. For males,

time frequency d)f positive cultures from re-

productive organs (vas d!eferens andi testes)

was higher (McNemar’s test, Z 2.24, P

< 0.05) usimmg Jordan’s mumedium (five of 19

birds; 26%) than SP-4 (0 of 19 birds). My-

coplasma anatis was recovered mumost fre-

queimtly frommm tracheal swabs, using eithier

Jord!ans (mmmc of 54 i)irds; 17%) or SP-4

media (imimme of 54 birols; 17%). Tracimea

and! lurmg tissues huad lower frequemmcy of M.

anatis recovery; four (7.4%) of 54 tracimeas

using Jordaim’s, two (3.7%) of 54 trachmeas

usimmg SP-4, timree (5.6%) of 54 lungs using

Jordlamms, and one (1.9%) of 54 lungs using

SP-4. Despite a huighmer frequency of iso-

latioim usiimg Jordan’s mmiediumn, we isolated

Al. anatis from four tracheal swabs and

one lung tissue using SP-4, but fld)t Jor-

dan’s mediumuu. hi contrast, we recovered

M. anatis in Jordaim’s mediummm from four

tracheal swabs, two tracimeal tissues, and!

three hummg tissues wimere M. anatis was not

recovered! in SP-4 medium. Overall, iso-

latiomms of Al. anatis were made more often

(composite Z = 2.33 based on McNemumar’s

tests for eacim comparison; P < 0.05) in

Jordamm’s muiediummi (21 of 216 samples;
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,.�Ul, .I(llilt: Juiv. juIv(’nile.

I I’revaleuuct’: nuuInl)er 1)ositiv(’,’hiuII(l)(’rsan�pl��l ((%)#{149}

Tumm.�; 1. Seroprevalemmce amid 95% c’ommfidemmce immtervah (C.!.) to Mycopla.s;na anatis imm l)ree(himig a(lult lieu

vmiallards (mmmcl(‘amuvash)ad’ks frouuu �51immmiesota and Northm l)akota i)aseol Oh ELISA.

IAXation Species Year Prevalence (%) 95% Cl.

Mimmmiesota Mallard 1988 11/16 (69) 4l%-89%

Mimmmiesota rslallard 1989 5/6 (83) :36%-100%

Mimmmiesota Mallard 1990 16/19 (84) 60%-97%

N. l)akota Mallard 1988 1/1 (100) 3%-100%

N. l)akota Mallard 1989 13/18 (72) 47%-90%

N. l)akota Mallard 1990 10/12 (83) 52%-98%

Mimmmiesota Cammvashack 1990 0/19 (0) 0%-18%

Prevalen’e: numnulxr positive! uuuumhvr sampled (‘4 ).

9.7%) thmamm SP-4 (12 0)1 216 saiumples;

5.6%), where 1)0th mimeo!ia were umsed.

Meaim ELISA EV% for time reference

mmegative group (I� = 13.5, nu 39, SD

5.09) ss’as lower (t 15.8, P < 0.001) timamm

time referemmce p�sitivo’ group (x = 79.9, n

= 63, 51) = 32.6). Based oim time quadratic

oliscrimimimmammt analysis, aim E LI SA cutoff val-

tie of 27.3% would h)est classify time EV%

of time Pekimm (luicks immto positive armd! neg-

ative referemmce groups.

For suuimmmmmer saimmples, differences in cx-

posumr� to Al. anatis were mmmost promioumnced
betweemm species; exposuire iii caimvashack

ducks was lower timarm in immahlards (0% vs.

78%, P < 0.001) (Table 1). No dlifferemmces

� pre ulemmce (P > 0.5) were foummo! h)e-
tsveemi locatiomms or years iii breedimmg mmml-

harols.

Ao!uilt black ducks samumpled in time wimmter

hmao! a hmighmer exposure to Al. anati.s’ (P =

0.049) durimig 1990 to) 1991 timamm (luring

1991 to 1992. Adult black o!umcks had! simmi-

ilar prevalence of exposuire (P 0. 1 1 ) i)e-

tween samn�)limmg locations imm Oimio amid! Ten-

mmessee. Jumvemmile (lucks imad elevated! Ire-

oluencies of exposure (averaging 50%) I�y

timeir first winter (Table 2). Juvenile exl)o)-

sure also varied! among our aimnual sammiples

(P < 0.005); exposure was hmighmest o!urimmg

I 992 to 1993. Juivenile black (lucks amid! jut-

venue mnallardls hmad simumilar exposure (P �

0.80). However, jumvemmile i)lack ducks sammm-

pled! in Tennessee during 1991 to 1992

had a lower prev�tlence of exposure thmamm

juveniles sammmpled! imm Ohio (P < 0.005).

Other temporal and spatial cimammges imi

prevalence of exposure were (hfficumlt to
evaluate because admits aimd juvemmiles were

mmot consistently samumpled at all locations

each year.

l’kIii.E 2. Seroprevalemice amid 95% commfidemmce interval (C.!.) to Alt,coplasma anatis jIm wimiterimmg uimallards

and black uhmcks fromum Ohio ammd Tenmmessee based oum ELISA.

IAxatiohu Species Year Age’ Prevalence ((4)1 95% C. I.

Ohio Black duck 1990 to 1991 Ad 1/4 (25) 1%-81%

Ohio Black duck 199() to 1991 Jumv 13/34 (38) 22%-56%

Ohio Black (luck 1991 to 1992 Juis 12/35 (34) 19(4-52%

Ohio Black duck 1992 to 1993 Jums’ 31/42 (74) 58’/c-86%

Ohio Mallard 1990 to 1991 Jims’ 12/28 (43) 24%-63%

Ohio Mallard 1991 to 1992 Jums 20/38 (53) 36(4-69%

Ohio Mallard 1992 to 1993 Jus’ 26/45 (58) 42(4-72%

Temimiessee Black duck 1990 to 1991 Ad 15/21 (71) 48(4-89%

Temimiessee Black (luck 1991 to 1992 Ad 10/24 (42) 22(4-63%

Temmumessee Black chuck 1991 to 1992 Juv 4/23 (17) 5(4-39%
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DISCUSSION

We developed an M. anatis-specific

ELISA procedure to assess time presence

of serum antibody in ducks. Sera from cx-

posed and unexposed domestic Pekin

ducks were used to standardize time ELI-

SA. One Pekin duck from time exposed

(reference positive) group had! inconsis-

tent, low ELISA antibody EV% from time

replicate assays (5.6% and 30%) and our

attempts to culture M. anatis from thmis

bird were unsuccessful. This bird was not

included in any of our evaluatioums because

of the low and inconsistent EV% results.

We suspect this bird was either not ex-

posed, it did not become infected, or it (lid!

not produce ammtibodies to M. anatis infec-

tion. Determination of time most appropri-

ate cut-off value for classification depends

on the true proportion of positive and neg-

ative birds in time sammmpled population. To

be conservative, we increased time ELISA

cut-off value to 31.6% to give an estimated

95% probability that Pekins exceeding timis

EV% belong to the positive group. Timis

modification was designed to iimcrease time

specificity of time test (Wrigimt et al., 1993)

so that only birds whmichm were highly likely

(�95%) to be exposed to M. anatis were

considered positive. Timis imigher cut-off

level was used to classify wild ducks as ei-

ther exposed or not exposed. Based omm our

serological survey of wild duck populations

in time central and eastern United States,

there was a hmigh frequency of exposure in

both adult and juvenile birds.

Jordan’s medium was more effective for

M. anatis isolation timan SP-4, and we re-

covered M. anatis most frequently fronm

tracheal swabs. However, using SP-4 me-

dium, we recovered M. anatis isolates

from three birds (from two tracimeal swabs

and one lung tissue) wimichm were culture-

negative using Jordan’s medium. Similar to

our results with M. anatis, Fritz et al.

(1991) found a variation of Jordan’s me-

dium better suited for isolation of M. gal-

lisepticum frommm cimickens timaim a mumodified!

SP-4 mediunm. If possible, botim Jordamms

and SP-4 medlia and several tissume types

shmould be used for M. anatis isolatio)mm.

We frequently found! M. anatis imm time

testes and vas deferens of male Pekins, i)ut

were unable to isolate M. anatis from time

ovaries of femuiale Pekimms imm oumr immfected

group; imowever, we imave frequently isolat-

ed Mycoplasma spp. (immcludling M. anatis)

frommi time ovaries of wild ducks ammd! froum

newly imatcimed o!uckliimgs (Goldberg et al.,

1995). It is possible that time mimales may

serve as a source of femimale infectiomm d!ur-

immg col)ulatiomm, a.s occurs for otimer myco-

plasnmas (Yainamuioto, 1991 ). Immfectioim of

ovaries or sexumal transimmission could! facii-

itate vertical transmission olurimmg egg for-

rotation, witim emmsuing immcreases in egg mmior-

tality and! redluctions in dluckhilmg growtim

(Samnmuel et al., 1995).

Mycoplasma anati.s’ has causeo! clinical

disease, embryo immortality, arid! red!uced!

growth imm d!omestic duckhings, i)ut little is

known about its occurrence or co)nse-

quemmces in wild! ducks. We foumid evid!ence

timat wild! ad!ult immallards ammo! black (lucks

commmiommly are exposeo! to M. anatis; 68%

of time h)irds we sampleo! imad serummim anti-

bod!y levels, ilmd!icating previous exposure.

Based! on antibody titers of juivenile birds,

exposure frequently occurs within time first

8 imio after hatch, timus emmvmrommimmemmtah

routes of exposure may be co)mmmmumomm.Nest-

ing mallards had a simumilar frequmency of ex-

posure amoimg years, but saiimple sizes were

geimerally too) smmmall for detectimig ammmmuial

variation. We found ammnual chiamiges in ex-

posure of juveniles samumpleo! iim time fall ammo!
winmter; imowever, no co)Imsistent p�ttterims

were evident and we do not kmmow what

factors may influemmce thus variatiomm.

1mm contrast, none of time cammvasbacks we

sampled imad ammtibody levels denmoimstrat-

ing prior expo)sure, iimmplymmmg olifferemitial

species exposure to) M. anatis. Altimougim

our sample of canvasbacks was small, we

also were ummable to) isolate M. anatis frommu

tracimeal swabs of these birds (Goldberg et

al., 1995), supporting our commclusion of imm-

frequemmt exposure mm this group of canvas-

backs. As an alternative explanation, mmeg-
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ative results in our sample of canvasbacks

may be due to the inability of our ELISA

to detect antibodies in the sera of species

not closely related to mallards. Species

other timan mallards also can develop an-

tibodies to M. anatis. Astorga et a!. (1994)

found the prevalence of exposure for wa-

terfowl in Spain to range from 0 to 13%,

using a imemagglutination-inhibition test.

In thueir survey, antibody response to M.

anatis occurred in several species of Anat-

idae, immcluding diving ducks.

In domestic ducks, M. anatis can cause

diseases, affecting respiratory and repro-

ductive systems, wimich may lead to eco-

nomic losses through decreased productiv-

ity and poor growth. Based on our data,

we believe exposure to M. anatis is com-

mon among the mallard and black ducks

sampled, and many juveniles are exposed

during their first year. However, the con-

sequemmce of M. anatis infection in wild

birdls is still uncertain. In particular, little

is known about the various routes of cx-

posure, how and when infection occurs,

time frequency of vertical or sexual trans-

mission and its effect on hatching success

of wild! birds, and what factors may influ-

ence transmission. Further research will

i)e needed to address these questions, as

well as to determine the prevalence of ex-

posure imm other species of waterfowl.
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