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ABSTRACT
 

The Development of an :[ndIreot
 

Fluorescent Antibody Test for
 

Trypanosoma vivax,in Colombia
 

(May 1974)
 
Kenneth Bradley Platt, B.S., D.V.M., Cornell University
 

Co-Chairmen of Advisory Committee: 
Dr. L. G. Adams
 
Dr. L. C. Grumbles
 

An indirect fluorescent antibody test (IFAT) for
 
Trypanosomevivax infections was developed for a survey
 
involving over 2000 cattle distributed throughout 11
 

departments and territories in Colombia.
 

Antigen for the IFAT was derived from a strain of
 

. Vax isolated from a cow in the Department of
 

Cordoba, Colombia. 
The strain was maintained via
 
serial passage in hemopara 
 ite.free calves. Inoculation 

of approximately 2 x 109 trypanosomes into gpleneo­
toGized, trIamoinolon. aootcALd-treatod 
calves resulted 

In parasIutas suitable for IPAT ant1gon production at 

66 to 69 hours post inooulation. 

Thin blood saears were preN4 frog oitrated Z. 
VIVLIM1-dan bl oc, air dried a fixex In acetomeimeth. 
01o1,6o4o, -0 C for 0 nlzuts*, piod &Atien&11ds8 
Vero tor" 67 as .) "4 -7 0 and Ukd flcoenrully 
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in the IFAT for 144 and 116 days respectively.
 

Indirect fluorescent antibody test serum titers
 

of 1:100 or greater were observed at a mean time of
 

15.9 days post parasitemia (PP) with a range of 6 to
 

32 days. Maximum titers of 1:400 developed in 14 to
 

33 days PP in 8 calves. In one calf, 109 days PP were
 

required before the maximum titer was attained.
 

Serum titers persisted in calves up to 278 days PP.
 

Maternal antibodies capable of causing a positive
 

fluorescent reaction at 1:100 serum dilution.persisted
 

for 29 days after birth in 1 calf.
 

At serum dilutions of 1:100, the IFAT detected
 

positive reactions in 80.4% of 133 serum samples ob­

tained from 9 calves at various times during the 

course of T. vivax infections. At serum dilutions of 

1:50, the percentage of positive reaotions increased
 

to 97%.
 

The IhAT was specific for Z. vivgx. No cross 

reactivity w" observed between T. vivagx and A
 

Ar5Lnali. flh kAru t hkuia kLxuLM. 
Inrzt hrogga M. or LrxC .ut2n tgoloIL at 1:50 
serum dilution. Suspicious reaoion were oooulon­

ally observed wt" jr~ggga MVJI-poiLtive serum 

diluted 150 aOd 1:100 was used in the WAT for 

mw.o .. J l~ . .. .I ... . . ., 
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T. vivax. No false positive reactions were observed
 

when serums from 36 hemoparasite-free calves were
 

tested. Results from the IFAT were repeated within plus
 

or minus 1 dilutior approximately 80% of the time using
 

different antigen lots on the same and different days.
 

Samples obtained for the IFAT by eluting serum
 

from dried blood-impregnated filter paper that had been
 

stored at -20 C for 10 days 
or less, produced results
 

nearly equal to those obtained by using conventional
 

serum samples.
 

In field cases of trypanosomiasln, the IFAT was
 

up to 21 times more effectivc in detecting T. vivax­

positive cattle on 
the basis of antibody presence than
 

the thick blood e:aer techniqu,-. 

/ostilti; o1 the survey revealed the presence of 

, vivnx rntlhodl,,: in cattle from the departments of 

BoyAcn, Cordol1, Metit, Sucrn and Valle. No T, VIVA 

IFAT nItibfliot; were cOt-ctr-d it, rin'nru obtalnad from 
nAttlo In thr, departn-ntm of Antloqula, Cauca, Caquotap 

CundinAmaraa, Tolima a d VioW*4A. 
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the bast rosults. Good moults were obtained with 

0.010 MI GM 0.01l HOL. Poor r~aultp were produced 

with nothanol for 10 tooords, Five percent formalln 

and 093% setto sold produo.'d better results than 

Oboist*$ but the Innity of ft oroeomno Vs less tha* 

that prodIuo#4 by aootowe fixations 

Varying 4greoes of cops~ reo~tivity In the TA? 
!.7 

h~woboonroprto Wilon i±Also showed thAt no 
a,:gnif~a~nt, 4itrn'm In IVAT titri wits obsorvod 

*bo Zo o=212Uo aMd .k~ga -po#ttv9 bovine 

aormu 6" uso4 with #Ati~on preper#4 from 4 varlina 

22. 1q2'*o and warisats of Zo bIrvc.1. So 
oro*4 reactivity did exist, betwoon trypanooow. groupe, 

ft*Ibr~epo#I~v~bovine @#rum *xhlbl#4 

tftor# of 1t160 wham oxposed to both homolo40v. entlgom 

'4 a~j~j Motrs fro# 1:2040 ntigon, ramn#n 

tq 1,V0 **ro observed whon either Is *2woengg.or Is 

yx11 t~te wo .~o7.4.y IWilorn and Cmnhm5 

**m#4thot Momr t~o hteoa*uo mtlgiena rsly 

oxooo,40 P -#2 flunroont moonso at serum diluitions 

of i1*400 5ohindlor" Preaeat#d stlear findingo, 

bvN~m with hooopu Z. krAMI IPA? Moe of 10120 
prvimod Mtor1lagiw Miere or 3IM to 1j&O wihn Its 

!11zox anen,w" used, whoa ueu'q or homologous 



Z. bru2 titers of 1:2560 wor 
tested, heterologous
 

titer# of 1:10 and 1:20 were observed. 
Wiloiam$ 2 A.5 demonstrated cros reactivity 

when tRymLogL 0it antigen was subjected to both
 
rabbit anti Z. rhesiens, and T. gamblem 9 serum. 
Zwort 9 Al.61 showed signiticant cross reactivity 
between 2,. g and Z. gi When bovine 
seruas with either a 1:640 T. ooTUo)ena titer or a 
1:236n Z. k Pere used In the IFAT test employing
 

1. v1vax tntigon, poait1v. fluoresoent reoctions wore 
reoorled at aerun 4i1lutio4 of' 1:40. However, when 
bovine P itive i.val Aeor with a titer of 1:2560 
w4a u4e4 In conjunction with Z. kruol and Z. 
a .aong, antieon, heotrologou titers of 3:1280 

a*M 1:64) rspMotivoly were obtainod.
 

X'n-peaoifio tluoreeoence has boon a sporadic
 
prob'lo. Wilson rj ft3.7 tested serum from 
 101 known
 
othoento trypenosome neptive cattle with the IPA?
 

without ohoorvingg 
 talse positive reaction. They
 
M14 notla that a 
 Xreater inoidence of fluoreoenoo 

oaeurred in orua 4i1lu iona or 1:10 and 1:20 In 
eattle positive for . 1hoI)orl. Bailey gi Ai.6 
In testing humanm "sum*4 free or trypanosoins, 
d4tted I or )5, o4 reaction and 7 of 19, *3 reaotio' 
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to T. rThodesiense. Sadun et al.4 3 recorded a +1
 

"doubtful" reaction in a human infected with leish­

maniasis. However, in a second case of leishmaniasis,
 
4
no doubtful reaction was observed. Williams et al.A
 

detected no false positive reactions with serum from 

49 known trypanosome negative rabbits when tested 

against T. jrmrhense and T. rhodesiense antigen. 

To mJnImize the possibility of non-specific 

fluorpscence, various base line dilutions have been 

adopted for the IFAT Williams et al 54 
oT . used 1:64, 

Sadun et al.43 used I:16, Zwart et]6 chose 1:160 

and othurs have chosen 1:40.12 ' 15P36o51 , 55t57 

A principal difficulty of the IFAT has been 

differences in interpretation of the fluorescent end 

point. 5 C'n the ba,;is of a fluorescent response scale 

ranging from nerative tc ,'!, some workers have chosen 

+2 as P positive reaction.2 0 ,54,55,57 Others have 

chosen 3.5,6,12,36 Compounding this pr'oblem is the 

varkab1ity of fluorescent intensity depending on the 

method of antigen fixation. 6 1 

Detectable IFAT titers occurred as early as 7 to 8
 

0day8 post inoculation (PI).] , 4 5 ,5 6 However, a period 

an long as 49 dayti PI nay be required.56 Maximum 

titers of 1:2560 were reported by Zwart et al. 6 1 and 

http:required.56
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titers of 1:1280 were found by Wilson and Cunningham5 6
 

to occur after 100 days PI. The average time for
 

titers to decrease to a fluorescent grade of +2 at a
 

serim dilution of 1:40 following self cure was 110
 

days. However, chemotherapeutic sterilization caused
 

titers to decrease to +2 at a 1:40 serum dilution in
 

30 to 110 days.
56
 

Wilson and Cunningham5 6 categorized trypanosome­

exposed cattle into 4 groups: group 1, early infection,
 

characterized by a visiable blood parasitemia with a
 

negative IvAT titer; group 2, established infection,
 

possessing a visible parasitemis and an IFAT titer of
 

1:160 or greater; group 3, latent and cured infections,
 

not exhibiting visible parasitemias but possessing
 

IFAT titers of 1:80 or higher. If the titer remained
 

constant or increased after 6 to 8 weeks, the infection
 

was labeled latent and if a decrease in titer occurred,
 

the cow was considered cured. Group 4 was composed
 

of cattle with no titers or parasitemias. The above
 

classification system was proposed to evaluate the
 

immune status of herds and the effectiveness of
 

chemotherapeutic programs.
 

The accuracy of the IFAT for detecting specific-,
 

trypanosome antibodies in cattle has been verified.
 



1,4
 

12,55,56,57,61 Consequently the IFAT has been used 

effectively as an epidemiological tool in Africa.
 

Wjjson5 5 conducted a survey in Ugandan cattle and
 

compared STDM to mhe IFAT. In herds where both
 

methods detected the presence of trypanosomes, the
 

IFAT was up to 25 times more effective. in addition,
 

the IFAT detected trypanosome-positive cattle in herds
 

where STDM were ineffective. Other investigators
 

have used the 	IFAT in field surveys with similar
 

6l
success.36,Slp
 



MAKRIALA AND PI1TW 

?Kxperlinnta1 Animals 

Celves
 

Ho)steain-Priesan oa)ves tsr4.r k oorth# 014 worp oo. 

tained from the Bogota savanna which to eonrsioere4 to1* 

free or ticks, Lnas4 !gryI e, = . aM 

panocoma ., The ca)ves wore tran ort#4 to falsime vi# 

truck and housed In a tick &oated, *oreroa st4ble for 

the duration of the study. They were sienteta#4 orn t 

ratiton described In Table I at 3% of tho body woet h 44t. 

ly. Ground corn cob was used &a roaghage wad 04 t 

rate or 1% of body weight,daily. The alvos wer I ##1 

with the exception n" calves 1 M At the to. or2. in­

ooulation the calves ranged In *R@ tri.m 6 to 10 pontft 

Prior to use each calf was examined AM woitord 

for the presence of hemoparasites via sPtine blood 

smears, the complement fixation (CF) test$, rat Inoou­
tion and blood cultures, The C? test was used employ tn* 

anaplasma CP antigen supplied by the U.S5.D.A. a&d 

i abesia arZentino and BgbLoa kl gm A CP antige 

prepared aooording to the method of ahone#. Two 
5 ml. aliquotm of oitrated blood from each calf were 
inoculated intraperitoneally (1P) Into 2 adult rats t 
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meodificaton Of the mhod descrlbod by Da.ey?. 

fifty ml. or Infeote blood from oa"t I with a * 

relative persllemla Were colletoed Into tube# oonta.A4 
=DA £M @ontrift~4 10 alauwes at )00 ; toIn wtinn 

we.e From a point approximtely ) w. above, the
 
buffy layer, 0. *l. of trypanosoN rich plasma were
 

reoved from each or 6 tubes, poole4 &M mixe4 with an
 

eq al part of Alsever's solution. This mixture oon. 

tainnt: z.04 x 107 motile Irypoasoms "s oownte via a 

heooytonster was xorulto4 IV Into a hleep. 

To prevent the survival or Anv aa.ag.zr, 
the iheep Was In1 ~ot with&*pu-thoxyy thylgl1YOX41 
dithlosemloarbaone (0)ooiw)9 IV at th* rote of 

Age/4, o 014 da oa* Inoculation "n on 040h orf 
oa'ocative days thereafter. The sheep ws also in­

jeod with oxytetroaoOllne NO1 IV at the r te of 
12 s.sA, on the day or Inooulatlon &M on och or 11 

oonseoutive days thereafter. 

Itiat days following . JL Inooulatlon, 10 ml. 
or iMfeOt4 sheep blood vere prooe"sed as desoribed above 

&M y1o*4 1.1 x 10 7 motile trypanoeoms whoh were 

rGestrioue model OL-le Zv&A $*"a8l Io,Norwalk,0 CoMn 

baurroughosveIloom.s Co, 4esoauoh Park Triangle, N.0. 

http:aa.ag.zr
http:oonta.A4


4iw. istoly I#nAetv IV into *al 3. 

le41Atoly prior to . yA inoculation end for 
4 oonseoutive days thereafter, oalf 3 was injeoted with 
1oxaone IV at the rAte of 5 a./a. Cair 3 was also 

Injeoted with oxytotryolln TV at the rat* or 12 

Wk. on the day or trypanooe inoculation 4 8 
0o04#outlve 4AY* thoreafrer. blood aesar examnrtione
 
*or* *4M durim, the oourse or 4rug tretosnt J
am
 
thr1hout the durstion or this study. 

KaIer+,n. am 1 torai., aistenAo, or tho
 
strain was a crlishe 1n the expridnce1calve
 

dssorlt'4 abovo. TfYt~onE~s"vwA vivikyvs s yringe passed IV 
into r,*W 'alvat ohoemver the tfroqtieoy o" r e1te,~s 

4#olivbd or h survtival of provioualy 1nf'otv4 Oalves 

apP ar.d thratend. :)train 014trteno o calves rooelvod
 
IV inoculun varying in qufntity from 10 to 30 41, or
 

Infeoted blood with reative,parsltealas of -*I. Each 
call was sonitord throughout the course of' this study 
for the pretenco or hosoparsIteg other than Z. viM 
via stAined blood oears.
 

The strain was prerared and stored frozen at -70 C 
Moordin to the Pethod described by Cunningh a L l. , 

with th Axception or not rotating the saple during the 



IZ
 

oooling phase.
 

IM~f2006M tying 

TUr-M evAnil we._islated by , cf, oya 

the Universidad do Valle from an infected vampire bat 

(reloe rojjnd) oapturod in the Dqa& valley approx-

INAtely 45 ku west of Call, Colombia. IdentIfIcAtIon 

was mae via mOrPhOlOgY And the strin. ab0ity to
 

produce rapid massive parasitem1as and death In infoooed
 

rae1 And mice.
 

The strain wa preserve4 by adding glycerol at the 

rate of 10% to infected rat blood In 3.5 al. XlJIs 

serum vla)s. Vials were plaod In a polyurethae froa 

insulting Jacket with outside dimensions or 20 x 20. 

The Jacket containing viols was placed In the cooling 

ooeprjtmn;t or a dry ioe cabinet overnight. The 

following morning the vlso were removed and lowered 

Into the StorMo ares. Other preservation techniques 

included rapid freeing of Infected blood with glycerol 

conoentrations of 7.5 and 10.0 A storage In liquid 

nitrogen. 

T!:Zaoslom evant was maintained In 2 calves. 

Calf A receved 5.0 x 109 . sfuLz organisms obtained 

from inreted rats. PlttetA days post inoolation (Ij), 

I . . I I . J . _ [ _ _ l L , I].. ... [I I. III I / _ L - I J l I l I 
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200 el. of blood from calf A were injected IV into 
calt U. 
Patent Infections were demonstrated in each 
calf by Injecttng rats intraperitoneally with 3 ml. of 
blood from each calf at intervals up to 30 days. Thick
 
blood smear, napillary tube and wet mount examinations
 
were made on blood from Z. 
 aj calf A 9 o 
the first
 

16 days PI.
 

Trym~nosomo thatler 

?ravsnnsopa t heilori was isolated from a Zebu oow 
In the CTA? herd at Palenra by blood culture on modified
 
blood aear medium. 
The strain,was maintained by weekly 
s'abpassAe to fresh medium and incubated at 2? C. 

Indirect Pluoresoent Antibody Test
 

Antigen Froduction
 

TrypanogoA yvax Antigen. Antigen for the
 
Indirect fluorescent antibody test was prepared from 
the blood of rats, sheep and calves with high degrees 

or Z. vtvax paranitemias. Infeotod blood for antigen 
production was aollected Into a 2% sodium citrate 
solution at a ratio of 9 parts blwd to I part citrate 

solution.
 

kate were Injected intraporitonoally (IU) with 



3.0 to 6.0 ml. of trypanosome-infeoted bovine or rat
 

blood taken during ascending parasitemias. Supplemental
 

injections of 0.25 to 0.50 ml. of normal ovine serum
 
17
 

were given to T. vivax inoculated rats. Sheep were
 

injected with infected bovine blood.
 

Trypanosoma vivax organisms used for IFAT antigen
 

preparation were obtained fr-om each of 2 calves
 

designated T. vivax-calf A and T. vivax-calf B, here­

after referred to as calf A and calf B. Parasitemias
 

were obtained by inoculating each calf IV with approx­

imately 2.0 x l0( T. vivax organisms obtained from
 

. vivx-mpintenance calves. 

An attempt was made to suppress the immune response 

of each caif during antigen production by treatment 

with triamcinolone acetonide (Vetalog)i. Calf A was 

injected with 8 doses of Vetalog at a rate of 0.18 mg./ 

kg, IM at 2 to 3 day intervals prior to inoculating the 

calf with T. vlvnx and on the cay of inoculation. Calf 

B was injencted with 0.33 mg/kg. Vetalog IM on each of 

4 oonsccutive days prior to inoculation, on the day of 

inoculation and on the day after inoculation. 

blood from calves A and B was examined twice 

iE. A. Squibb and Sons, Inc., New Brunswiok, N.J.
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daily for the presence of trypanosomes following
 

inoculation. 
At the point when a minimum of 10 trypan­
osomes per x 400 field in a wet mount preparation were
 

observed, the parasitemias of both calves were monitored
 

at 4 to 6 hour intervals by preparing stained standard
 
thin blood smears and examining them under the x 100
 

objective with x 10 oculars. 
Blood was collected IV
 

for antigen production when the average number of
 

trypanosomes reached approximately 12 to 15 per x 1000
 

field on a thin blood smear preparation.
 

Trypanosoma evansi Antigen. 
 Rats were inocu-t
 

lated IP with stabilate and wet mount examinations of
 

tail blood were made on a daily basis. When levels of
 

parasitemia were such that infected blood would yield
 
20 or more trypanosomes per x 400 field in a thin blood
 
smear preparation, the rats were bled via cardiac
 

puncture. 
Two percent sodium citrate was used as an
 

anticoagulant at the rate of 1 part citrate to 9 parts
 

blood.
 

Trypanosoma theileri Antigen. 
 Fifth passage
 
forms of T. theileri were grown on modified blood
 

culture medium. The trypanosomes were harvested
 

with a Pasteur pipette by collecting the supernatant
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located adjacent to white shelf-like plaques of organisms
 

and the plaques themselves. This material was mixed
 

with an equal part of phosphate buffered saline (PBS)
 

PH 7.4 and thoroughly suspended before further pro­
cessing.
 

Antigen Processing, Fixation, Storage and Evaluation
 

Thin blood smears were made from T. vivax and T.
 

evansi-infected blood in the following manner from all
 

species of animals used for antigen production.
 

Antigen slides consisted of frosted 72 mm. x 25 mm.
 

x 1.2 mm. glass slides j previously cleaned in Alconoxk
 

detergent and stored in a solution consisting of
 

equal parts of 95% ethanol and acetone. A drop of
 

whole citrated blood 3 to 5 mm. in diameter containing
 

trypanosomes was placed onto the end of a slide and
 

evenly spread over the entire surface of the slide.
 

The smear preparations were immediately dried with a
 

fan, fixed as described in Table 2 and prepared for
 

storage. Trypanosoma theileri antigen suspension
 

JScientific Products, Evanston, Ill.
 

kAloonox Inc., New York, N.Y.
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TABLE 2. Agents and Methods Used in Fixation of
 
Indirect Fluorescent Antibody Test Antigen
 

Agent 
 0 C Minutes
 

Acetone, * Methanol;* 60:40 -20 15 
Acetone, Methanol: 60:40 -20 30 

1% Buffered Formalin 25 5 
5% Buffered Formalin 25 5 

10% Buffered Formalin** 25 5 

Heat 
 70 5
 
Heat 
 70 7.5 
Feat 
 70 10
 

Stalhelm's Method 
 25 17
 

Analytical grade. Merck and Co., Darmstadt,
 

West Germany
 

**Fisher Scientific, Fair Lawn, N.J.
 



smears were processed In A i414 oalI mner. 

Fix"d ntigen preparations Vr pa d in 

aluminum Toil ard placed in air tig polyVnyl bp 

with a toll packet containing approximaelyI1 to a 

grams of anhydrous calcium ohloride, The bags were 

wnially saled, removing as much air s posible and 

stored at -35 ad -20 C until used. 

Indirect fluoresoent antibody tot (IAT) ainitl6n 

preparations wore evaluated using the following 

criteria: a) adherence of antigen aatorlal to the 

glass slide through prooossing: b) visibility of 

antigen material throughout prooo olr4 o) &gro of 

background and extraneous fluorescence during the teat 

and d) morphology or fixed trypanosomos, 

Separation of ?Trxy osoa lv from 1T hroct'es 
and Serum Coopons 

Trypanosome rich blood was passed through a 

DE cellulose1 anion exchange column according to a 

modification of the method described by Laham.3 0 

The column was prepared by filling the outlet 

of a 50 ml,t 2.6 am* in diameter disposable syving. 

131o Rad Laboratories, Riohmond, ait, 
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with a diamon4 penoil into horiontal row of 3 

orol4i eoh. iSoh 4rea yva appro1mawel 6 m. in 

diateer nd was ad directly on thM antlign surfaoe 

or LM alx_ , Maoh era ws Nurhor 4Uzmtod with 

a rd wax pencil to serve both " a barrier against 

enoroeaLunt of test seruUs froa adjownt test sits 

and to aid In site location during the reading of the 

test. The top row of circles wa s deulngat position 

numbers 1, 6o 7, 12, 1); the seoond row 2, , 8, 11, 

14 and tho third row 3, 4, 9, 10 vnd 15. 

A Laet orholux binocular slorosoop~p equipped 
with x 12 ocular# and x 10, x 40, x 4 (oil) and x 100 

(oil) objective& with a dark fle4 oil condenser 

(01.20) was used for the 1Pei. Definitive re&d1dns 

were made with the x toil objective. Ultiaviolat 

light was supplied by an Osra high pressure meroury 

MDO-200 W lamp. A D 12 3 ma. exolter filte) and 

barrier filter (K 490) were routinely used. 

oxeoutilon of Indlroct Fluoreeoent Antibody Test 

The IPAT was conducted In an Identical manner 

for Z, Ila Z. s.lAaa and 1. lbailgr antigen. The 

PrMest Lets (Canada) Ltd., M ld, Ontario 



test proper waS divided Into 2 phase#. 

In ph"* I, positions 1, 2 end 3 reo ived ow drop 

delivered from modif'od Pipettes or known positive 

senu, kiown A tlvo Sore ad burrer respeotively. 

The roaining 12 positions received bovine sorums of 

unknown statue. The serum wore diluted 1:100 ror use 

in soronlng procedures In 2 fold Increments from 1:50 

to 1:800 for antibody titer datorminationa, Care was 

taken to place each drop or test material directly In
 

the oentor of each toat position. The antigon slides
 

wore then placed in a humidity ohaabor and inouhated
 

at )7 C for 30 minutes. Following incubation, the 

slidas ware removed and washed In 3 oonseoutlve bufror 

woehes at 0-4 C for m Oentle agitation
minutes each, 

of the wash solutions was maintained with a magnetto 

stirring bar and stirrer, The ant1in slides were air 

dried under a ran following the third wash and ohooked 

for positions from which antigen hUd been removed during 

Washing, 

In phase 11, all positions of the antigen slides 

roetved one drop of prepared conjugate delivered from 

* modified pipotto. The slide# were then inoubated 

and washed an above. An addition*2 wash of 10 

seconds was made In mildly sgtatPd distilled water. 



The slldan woe tO'fpn air dried, ro-Lnepooted for pool. 

tions with u~orinp antiltn and examined In numerioal 

order with the fluoreseont microscope. 

teoaotions were given I of 3 diffeornt !girae. 
negative, suspicious and positive. All suspicious
 

reactions woe ro-toe ted and re-evaluated.
 

Evaluation of Indirect Fluorescent Antibody Tet 

$"nettivity was dotormlned by titrating available 

serums from calves that had b.on uingularly Infected 

with Z. vivn x for a pathogenesls study. 13 The strain
 

was Islatod f'roM Al ini'eoted now near Velva In the 

deartmnt of !full*, Colombia. Prior to titration 

the sorums had been stored in excess of one year at 

-20 C. In Addition JPF? titers were determined (or 

serm. colleoted over periods of time ranging frem 36 

to 278 days from 9 . vIvAx straliu maintenan e calves. 

hopoatabi Iity
 

Repmatability of IFAT results for any given serum 

sample using the same antigen lot and conjugate on the 

same day and difterent days was dotrmined. Thirteen 

seorm samples f rom known . v positive calves were 

http:study.13
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coleotod, divided Into 3 aliquots end stored at -20 C 

until used. On eash of 3 consecutive days, dilutions 

were made of an allqtot trom each sample and IPAT titers 

were detAerined in dup'loate. Agrt#4mnt of duplioate 

titer results wan oontidered to occur when the titers
 

were equal or not differing by more than 1 dilution.
 

The prohability of' ropeating titers or identical serum
 

samples was exproeped as the normal approximation to
 

the mean at th4 93% conf'idenoe Intorval h 8 based on the 

totia number of" agreitmfnts per comparison. 

5Ame day comprinons were moae by oomparing the 

duplicate titers or the 13 different serums. Thin 

pronedure was repeated on 3 consecutive days. The total 

number of observationa and agreements ott all oocasions 

wnx uned In calculating the normal approximation to the 

The probability of' repeating IA',' titers of a
 

particular serum sample on ditf'erent days was determined
 

hy comparing duplicate titers of' each sample on a given
 

day with thn duplicate titers of' the same sample doter-


Moed o" each of' 2 other days. ComiAriaons wore made
 

In the following manner. The f'irst titer determination 

of day 1 was compared to the first and second doter­

mination of' both days 2 and 3. Subsequently# tho 



second titer determinatlon of day 1 was similarly 

compared. The procedure was repeated with each 
PAT
 

titer determination of days 2 and 3.
 

Indirect fluorescent antibody titer repeatability
 

for a g ven serum using 2 antigen lots was determined
 

by randomly selecting 14 serum saples from known Z. 
vivax-infeoted calves. Duplioate titers were deter­

mined for esch serum nample using both Z. vivax antigen
 

lots. '.'he 
first and seoond titer determinations of
 
each eaeple obtained with antigen lot A were 
 individu­

ally compared to the first and second titer deter­
minations of the same samples using 
antien lot B.
 

The total number of agreements was determined 
and 

expressed as the normal approximation to the mean. 

Speoioficity 

Serums from normal 
calves and calves Infected with 

Amalasma marxinotlo, BaboslA e tni , 2 aitronf f,­

&IflAJ,-Eperythroz2s2 1.2,# TryMLnogoma thelorle and 
Trynanosoaa e used In thewere IPAT for Z. vivix 
to determine possible degrees of non-speolfioity and 
cross reactivity. With the exception of one Z#.,hollor
 
positive serum of Texas origin, all infected calf serums 

used were from calves singularly Infected with the above 

. ! II.. . .. I J. !1 IllmIo m 
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organisms.
 

Thirty-six non-infected calf serums were obtained
 

from the Texas A & M serum bank at CIAT. Donor calves
 

rWnqed from 4 to 8 months in age and originated from
 

tick free altitudes in herds with no previous history
 

of hemoparasite infections.
 

To reduce the possibility of previous hemoparasito 

contamintion, serum from each calf was tested for the 

presence of complement fixing antibodies against &. -. 

ginale, P. bltemin end 1. arrent~na. Thick and thin 

blood smear examtnations were also made at blood nol­

leoted from each calf. In adAditlon subinoculations at 

pooled CAlf blood were also made into hemoparasilte-fre 

splenootomited calves, 

SIX L. Majg1ntil, 10 IL, kbis-mins, i ~.Arp-ntlr-4 

and 6 Rp throzoon U2, positive calf serums were ob­

tained trom the Texa A & IXserum bank at CT. Couple­

ment fixation titers were determined tor all samples with 
the exoption of the serums from calves Infected with 

- zorythrgoon lIM, 

pgoypnoo e thelleri infected adult ofittle were
 

identitfed by blood culture. 
Right serpi were obtained 

from Infected cattle located at Angleton$ Texas. Three 

serums were obtairAd tron infected Zebu cattle on the 

CIA? fare at PsAatra and from Zebu cattle at the tise 

* 47 A­+,+ + !+++ +++
+ + +++ ++++++++
+ + +++ + + + + + +:++ ++ +++ +++:+++ 
 +++++
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of slaurhter in th. 
 fnliopal abbatoir of Call. 
 TEn. 
nOM.4i 1h.0A&jU-1nfted serums were used in the IPAT 
utilizing Z. theAiler antigen to determine the homo.
 

logous titer.
 

T=y12nes2 OveanSi 
Positive serum waR obtained from 
th4 Previously debcribod Z. gvAnst-Infected Calves A and 
B at various lntervals throughout the course of info.­
tiOn. Homologous PA? titers wore determined for each 
SAMple using Z, OVansi antign prepared from infected 
rat blood, Only serums with titers of 1:100 or greater 
wore used in cross reactivity tests. 

The above sorums were diluted 1:50 and 1:100 and
 
examined for nn-.sPenifloty and cross rootivity In the 
IA? utilizing 2 different lots of Z. Ylvox ZPAT 
antigen. Confirmation or these results was made by 
randomly mixlng tie above samples with known 2,. 
pOsitive serums. 
 The test was thon read and the
 
resulto recorded.
 

Persistneo of Materl Antibody 

Pasgive Immunity studies were made using available 
suns obtained from calves born on the ZCA station 
at Thripana, Cordoba, Colombia. Serum were obtaine4 
fro* the oa)vqs on the day of birth a on subsoqusnt 
d4y at various intervcals. Serum from the 
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dams of tha calves was noc available. Prior to IFAT 

examination, the bovine serums had been stored at -20 C 

in excess of 2 years. Trypanosoma vivax IFAT status 

was recorded as positive or negative based on a serum 

dilution of 1:100. 

Use of Blood Saturated Filter Paper
 
Discs as Field Samples in
 

Indirect Fluorescent Antibody Test
 

Sample Preparation 

Blood was collected onto Whatman #1 filter paper
 

by allowing a single drop to fall approximately 5 cm.
 

onto horizontally held filter paper. Following the
 

complete absorption of the blood drop into the paper,
 

the oample wa: vigorously waved in the air to hasten
 

drying. The size of the sample was regulated by the
 

number of blood drops collected. Source information 

was written in pnncfl on the unused nortiun of the 

filter naper. Dried collected samples were placed in
 

polyvinyl baw. containing desiccant and stored at
 

-20 C until uned. Sngplu:i to Do tested were obtained 

by removing a dino 6 .m. In diameter with the aid of 

a paper punch from the cantor of each blood spot. 
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Determination of Dilution Factor
 

A sample set comprised of a filter paper blood
 

sample and whole serum sample was obtained from the
 

same syringe of blood obtained from each of 7 calves.
 

The equivalent dilution that a 6 mm. in diameter disc
 

would yield when placed in 0.1 ml. of pH 7.5 PBS was
 

determined in triplicate by placing one 6 mm. in
 

diameter disc in each of 3 wells in a disposable micro­

titer tray.q The addition of buffer to each well was
 

facilitated by using a Biopette automatic pipette r
 

The tray was covered with a plastic sheet to prevent
 

evaporation and placed in a refrigerator at 4 C over­

night. The following morning each disc was swirled in
 

its well with the aid of a small hypodermic needle to
 

produce a homogeneous sample. The eluates from each
 

sample set were removed and pooled.
 

The total protein content of each pooled eluate and
 

whole serum sample was determined by measuring the
 

optical density of the samples via a Beckman DB-G
 

spectrophotometers 
at 280 mn. The mean of duplicate
 

qCook Engineering, Alexandria, Va.
 

rSchwarz/Mann, Orangeburg, N.Y.
 

SBeckman Instrument Co., Fullerton, Calif.
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readings was used for protein concentration determination
 

employing a standard curve.
 

The percentage of albumin for each pooled eluate
 

and whole serum sample was determined electrophor­

etically, separating the serum components on cellulose
 

polyacetate membranes and preparing the membranes for
 

densitometric analysis via a Gelscan automatic recording
 

and integrating scannert In accordance with the methods
 

described in the Gelman manual.3 
 The mean of 3 albumin
 

determinations per sample was used for the albumin
 

concentration calculations.
 

The albumin concentration of each pooled eluate and
 

whole serum sample was derived by multiplying the total
 

protein concentration of a sample by the percent albumin
 

of that sample. 
The ratio of pooled eluate albumin
 

concentration to whole serum albumin concentration was
 

determined for each of the 7 sample sets. 
 The dilution
 

factor was derived by calculating the mean of the sum of
 

the reciprocals of the above ratios. 
Eluates from field
 

samples were prepared for use in the IFAT in the manner
 

described above with the exception that the eluent was
 

increased to 0.125 ml.
 

tGelman-Instrument Co., 
Ann Arbor, Mich.
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Comparison of indirect Fluorescent Antibody Test to

Thick Blood Smear Technique for Detecting Trypanosoma

vivax-Infected Cattle
 

The IFAT positive results from 3 separate field
 

surveys involving 471 cattle were compared to the
 

results obtained by examining l00-xlOOO fields of thick
 

blood smears obtained from corresponding cattle for
 

Z. vivax organisms. The identities of all samples were
 

coded to eliminate bias.
 

Comparison of Eluates from Blood Saturated Filter Paper

Discs and Conventiona1l Serum Samples in Indirect
 
Fluorescent Antibo,y Test
 

Matching conventional serum and filter paper blood
 

eluates were collected from the cattle of the 3 field
 

surveys above. 
The blood paper samples from surveys
 

I and II were stored at -20 C for 10 and 7 dpys respeo­

tively before eluate was produced. Similar samples
 

from survey III were stored at 4 C for 73 days before
 

use.
 

A comparison was mase of the positive IFAT results
 

derived from homologous eluate and conventional serum
 

samples within each of the 3 surveys. Conventional
 

FAT serums were diluted 1:100. In addition, the per­

cent agreement and disagreement between both sample
 

types were calculated in surveys I and TI. 
 Agreements
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ware oonsidernd to be any of the following combinations
 

of IFAT results from homologous eluate and conventional
 

serum samples: positive/positive, negative/negative and
 

positive/suspicious. Each category of agreements was
 

tabulated separately and the total number of agreements
 

calculated. Disagreements consisted of the positive/
 

negative combinations. The identities of al. samples
 

were coded to eliminate bias.
 

Trypanosoma vivax Survey of Colombian Cattle
 
Using Indiree-Fluorescent Antibody Test
 

The IPAT for the detection of . vivax positive 

cettle was conducted on 2,053 sernm samples collected 

from Colombian cattle of all age groups from 11 differ­

ent departments in Colombia. Four hundred and seventy­

one of these samples were collected by the author and 

the remainder were obtained from the CIAT and Texas 

A & M serum bank. All samples were stored at -20 C 

until used. Dates of oollaotion and IFAT results are 

presented in Table 15. 

The location of each sample site was identified
 

by a site number. Site numbers that were repeated
 

represent more than one sampling as indicated by the 

date. Climate, altitude and average annual rainfall 

were given for each sample site.' Herd size was given 

Km!.omw~mn ..../. m w n ~ ~ mm. ~mumm..l_ ~ 
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when the Inforction was available. The herd sizes
 

recorded may vary ±+10%. Sample description was
 
Included when known. 
Teat serums were diluted 1:100 
and graded positive, suspicious or negative. Suspicious 

reacting serums were ra-tented and considered negative 
unless they exhibited bright intenso fluorescence. 

The differences in incidence o IFAT positive 

cattle within the sex and age classes were analyzed
 

via the ohi square test.
 

Photography
 

Photomicrographs of fluorescing trypanosomen 
were 
taken utilizing the Leitz orthomat automatin camerau
 

supplied with Kodak Tri-X-Panv ASA 400, black and white 
film used at an exposure index of 800. Photographs of
 
fluorescing and non-fluorescing tryponosomes were taken 
automatically and at pre-determined exposures. Pre­
determined exposures were ascertained by timing the 

exposure for a field of trypanosomes fluorescing at max-

Imum intensity and terminating subsequent exposures of 
trypanomomes at lower intensities at the mame exposure.
 

Standard photomiorographs of trypanosomes were
 

uErnst Ieitz (Canada) Ltd., hidland, Ontario.
 
VEastman Kodak, Rochester, N.Y.
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Vt
 

taen automatioally using & vreon filter and Kodk 

?Mnatoaio X. ASA 32, black and whit. film exposed at a 

exposure Index of 20. 

Kodak Tri-X-Pn and Panatoalo X films wore 

developed in UFO devolopry diluted 11 at 24 0 for 6 

minutes and 2j minutes respeotvely. Three suocessive 

rinsO iz filtered tap water wore used in plaoe of a 

stop bath and the developed film wan fixed in full 

strength Kodak rapid fixer for 3 minutes. 

Prints were made on Kodak Kodabronude F-3 single 

veight paper with a Leitz Focomat 1C enlarger. Care 

was taken to ensure that tho fooal distance of the 

enlarger remained constant throughout the printing of 

photomiorographs of thin and thick blood soear prepara­

tions of . ulvax as well as during the printing of 

fluorescing T, vivax photoniorographs. The prints were 

developed in Kodak Dektol developer diluted 1:1 for 2 

minutes at ambient temperature. The ambient temperature 

fluotuatod between 20.4 and 26.6 C. A stop bath of 

2.0%aoetio &old for & miniu= time of 2 minutes was 

employedl followed by fixation in Kodak rapid fixer 

diluted 1:1 for a minimum time of 10 minutoes. Prints 

--thol Chnnmsiolsn Ino. Chicago, 1ll, 
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were then placed In a shallow pan atA washed in olrou.. 
lating tap water for a miniun of 6 hours. 
The washed
 

prints wore then dried with a glouoy surface,
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RESULTS 

Paramet;ers 

Wet mount examination (WiE) of blood provided a
 

rapid means by which to evaluate the parasitemias of
 

the T. vtvnx-maintenance calveu (Figs. 1 through 9). 

Motility if tho trypanosomoo docrasied with time 

followint- collection making their prcet-tncu morti dif­

ficult to detect. Thick blood -mir examination and 

rat Inoculation were the only r,ethcds thift detected 

Tparasitomasin j. evan.li-Infected cattle. No a'. evansi 

parasttemian were detected with the capillary tube 

method. 

Packed nell volume (PCV) And rectal temperature 

reoording, provded an adequate Indication of the 

health of Individil T. viv:X-mailntenance calves. 

Following th,. inoculation of the calves with T. vivax
 

Orgnnlims, an itverage ronluction of 49.911 occurred in 

the pre-. noculiition }'CV vluot;. The avorage tlme 

required for this decrebse to occur was 21 days post 

inoculation (1I), ranging from 14 to 34 days. At no 

time after thev', p,-riods were lower PCV valuer, observed. 

All T. v~vnx-maintenance calvei, with the exception of 

oalf 2 (Fig. 2), c^hibited a slow gradual return 



Fig. 1. 
Clinical, serologic end hematologic data of
ryppanosoma vivax maintenance calf 1. 
I = Day of
nociihT, -P--­day of first detectable paraultemia

in peripheral blood.
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Fig. 2. 
Clinical, serologio and hematologio data of
IynooM vlvax malntonaoe calf" 2. 1 a Day oflnoulation,-i w day of first deteotabls parasitemia
In peripheral blood.
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Pig. 3. Clinic l, oerologlo and heuatologio data of 
jr~onf, minenaceoif3.i1 Day or~vX 

noculatt~o~nF a-day of fi detectable praltovIe
In poripherA1 blood. 
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Fig. 4. 
Clinical, serologic and hematologic data of
Trypanosoma vivax maintenance calf 4. 
I = Day of
inoeulation, P = day of first detectable parasitemia

in peripheral blood.
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Fig. 5. Clinical, serologic and hematologic data of 
Trypanosoma vivax maintenance calf 5. I = Day of
inoculation, P = day of first detectable parasitemia

in peripheral blood, S = suspicious IFAT reaction.
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Fig. 6. 
Clinical, serologic and hematologic data of

Trypanosoma vivax maintenance calf 6. 
I = Day of
inoculation, P = day of first detectable parasitemia

in peripheral blood.
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Fig. 7. Clinical, serologic and hematologic data of
 
Trypanosoma vivw: maintenance calf 7. I = Day of
 
inoculation, P = day of first detectable parasitemia
 
in peripheral blood.
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Fig. 8. Clinical, serologic and hematologic data of
 
Trypanosoma vIvax maintenance calf 8. I a Day of
 
inoculation, P = day of first detectable parasitemia
 
in peripheral blood.
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Fig. 9. Clinioal, serologio and hematologio data of
 
Try~anosoma vivax maintenance calf 9. 1 1 Day of
 
inoculation, P = day of first detectable parasitemia
in peripheral blood, S - suspicious IFAT reaction. 
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toward normal PCV values.
 
SoM0 marked teoporary 
periodic derooses did occur 

in PCV values during this upward trend. Calf 4 (Fig. 4) 
had a deorease In MV from 25 on day 99 to 20 on 6&y 107 
and on day 1 a ,2 paraesieuia wee obstrv*4. The VCV 
valse of '"'If 5 (PI. 5) deoroasod trou 31 on day 75 to
 
25 on day 76 And on day 7? a +2 parasitooao was obsnrvod. 

NO conxistent rolatIonship w" observed between the 
4ogroo or p4rasui oia an-d rectal tomp atur.. Pho 

hihes*t reta temperatures were obsorv*4 during t e 
initial phase@ ot infcotion.
 

Exporlmoarml Organism* 

-he Porr~ho1ogloAl chrAcqPor1At~o, or the stroin at 
~.vivg stud1*4 varied depo441:u& on the stage at 

parasItoela. Rorly and ano eMing phAs o Parasit4 las 
were charaotorieod by unirorm alaAer typos with tCapring 
rostorior ends and distinct aub-tominal kinotoplats,. 
The untvL14ng nuoleus ot those tCrms wa elongated and 
took up the entire width or the orga1ni .
 

In stable and descending phase# ot paraeitealse9 
the narrow form a4 well as Intomadslot and chronlo 
Corms were present. The typloal chronic for was 

ip- lllll ~- .. ~ u 
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charaoterized by a diminishing tapering width from the
 

posterior to anterior end. The posterior end was large
 

and blunt with a sub-terminal to terminal kinetoplast. 

The undividing nucleus was nearly spherical and did not
 

take up the entire width of the organism.
 

Morphological features of aoute, intermediate and 

ohronla forms of T. vivax obtained from a calf one day 

after the parasitemia had reached its peak are shown in 

Fig. 10. The appearance of Z. vivax in thick blood 

smear preparations is illustrated in Fig. 11. 

The mean length of 100 acute form Z. vivax organ­

ians in thin blood amear was 19.8 t 1.50 microns.
 

Other mean measurements were as follows: posterior 

extremity to mid-kinetoPlaat (PK), 1.35 t 0.35 microns; 

mid-kinetoplast to mid-nuoleus (KN), 5.53 - 0.53 

microns; mid-nucleus to anterior extremity (NA), 7.58 

1..36 microns; free flagellum (F), 7.58 ± 1.29 microns.
 

Th" width at the nucleus (W)measured 1.41 . 0.22
 

microns. Figure 12 presents the measurement distribu­

tions of thA above, The coefficients of variability of
 

the above anatomloal measurements were: length, 0.76;
 

P)Y, 0.259; KN, 0.096; NA, 0.179; P, 0.170; W; 0.156.
 

Thick and thin blood smear examinations for Z.
 

iv-maintenance and antigen source calves were
 

I . ' * . " ' . . . .... '; ...K "- . .. . _ _ -"" 1 I I _ ILII I1 . IIII 




Fig. 10. Various forms of Trypanosoma vivax organisms
as seen In thin bovine bloo6 smears prepared one day

after the parasitemia had reached Its peak. 
A = Acute
forms used for measurement determination, I = inter­
mediate form, C = chronic form. 
Giemsa; x 1800.
 

Fig. 11. Trypanosoma vivax as seen in a thick smear
 
preparation. Giemsa; -x'S800.
 



Fig. 12. Measurement distribution of 100 Trypanosoma
 
vivax organisms taken from an ascending parasitemia 
IF an'experimental calf. D = Standard deviation, 
M w mean. 
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negative for Anaplasma marginale, Babesia bigemina and
 

Babesia argentina throughout the course of the study.
 

Parasitemias in T. vivax maintenancP calves, as
 

determined by WME, were generally frequent in occurrence
 

during the initial weeks following infection. During
 

the first 60 days post parasitemia (PP), 5 calves which
 

were on experiment for periods of time ranging from
 

99 to 278 days PP (Figs. 4, 7, 8, 9 and 10) exhibited
 

circulating trypanosomes in 53.7% of 218 WME. From day
 

61 PP until experiment termination, 10.7% of 280 WME of
 

blood from these calves revealed trypanosomes. Long
 

terin low temperature storage of T. vivax was unsuccesful
 

as determined by stabilate examination after 5 months
 

of storage.
 

Trypanosoma evansi
 

Time required for parasitemias to develop in rats
 

injected with infected blood or stabilates appeared to
 

be directly related to the number of organisms in the
 

inoculating dose. Rats inoculated with 0.3 ml. of blood
 

containing an average of I trypanosome per x 400 wet
 

mount fiead developed parasitemias within 1 day.
 

Visible parnsitemias required 10 to 17 days to develop
 

in rats inoculated with 3 ml. of blood from T. evansi
 



infected cattle in which trypanosomes were not observed
 

by WME. 

Storage of T. evansi in dry ice and liquid nitrogen
 

was successful. Stabilates were viable and infective 

after 8 and 10 months storage respectively.
 

Patent infections of T. evansi were found to per­
sist in T. evensi-infected calves A and 
;, 143 and 128
 

days respectively via rat inoculation. 
No signs of
 

illness were observed in either calf during these
 

periods. 

Trypanosoma theileri
 

Maintenance of T. theileri in blood culture media
 
was successful. 
The strain used for indirect fluor­

escent antibody test (IFAT) antigen production was
 

maintained for 6 weeks before being discarded.
 

Indirect Fluorescent Antibody Test
 

Antigen Production
 

Twenty-three of 30 (70.6%) rats were successfully
 

infected with T. vivax by inoculating them with infected
 

bovine blood. 
Four of these 23 (17.4;) rats had para­
sitemias sijitable for IFAT antigen production. Fourteen 
of 23 (60.9%) first rat to rat passages were successful
 



but only 3 of 14 (21.4%) rats had parasitemias suitable
 

for antigen production. Three of 5 (60%) second rat to
 

rat passages, 3 of 3 (100%) third rat to rat passages
 

and 2 of 2 (100%) fourth rat to rat passages were
 

successful but did not have suitable parasitemias for
 

antigen production.
 

Attempts to establish a fifth rat to rat passage
 

Of the 3 rats with T. vivax para­were unsuccessful. 


sitemias suitable for antigen production, only 1
 

possessed a blood trypanosome concentration capable of
 

yielding an antigen preparation containing more than
 

20 trypanosomes per x 540 field.
 

Sheep infected with T. vivax developed low levels
 

of parasitemias which were usable for IFAT antigen but
 

undesirable due to the small number of trypanosomes in
 

the microscope field.
 

The most satisfactory source of T. vivax IFAT
 

the calf. Trypanosoma vivax-antigen calf
antigen was 


A had a +3 relative parasitemia at 42 hours PI. At 64
 

hours PI, an average of 6 trypanosomas per thin stained.
 

field was recorded per x 1DO oil-immersion lens with
 

x 10 oculars. At 66 hours PI, the average number of 

trypanosomes per field increased to 15 and IFAT antigen 

was prepared. Antigen production was feasible up to 
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156 hours PI at which time the condition of the calf
 

required euthanasia. However, varying degrees of
 

agglutinated and individual trypanobomes which fluor­
esced non-specifically were observed with increasing
 

frequency after production of the first antigen batch
 

rendering subsequent batches undesirable but usable
 

(Fig. 13).
 

Trypanosoma vivax-antigen calf B had a +5 relalive
 

parasitemia at 41 hours PI. 
 A parasitemia of 5 trypan­

osomes per thin field was recorded at 64 hours PI. 
 At
 

69 hours PI, 
the average number of trypanosomes
 

increased to 12 per field and antigen was 
prepared.
 

The parasitemia continued to rise 
to greater than 30
 

trypanosomes per field by 93 hours PI 
at which time
 

considerable aglut-ination of zrypanosomes with non­

specific fluorescence was present. B!' 118 hours PI, 
the parasitemia had decreased to 11 trypanosomes per
 

field with agglutination present and 
the calf was
 

euthanatized. 
Figure 13 illustrates non-specific
 

fluorescence of agglutinated T. vivnx organisms.
 

Separation of bovine erythrocytes from T. vivax
 

using phytohemagglutin and also differential centri­

fugation was unsatisfactory. The concentration of
 

trypanosomes in eluates from DEAE-cellulcose columns was
 



Fig. 13. Fluorescing agglutinated Trypanosoma vivax
 
organisms subjected to negative T. vivax calf serum
 
as seen in the indirect fluorescent antibody test.
 
Dark field. x 800.
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sufficient for suitable antigen production. However,
 

all fractions of the eluate containing trypanosomes were
 

found to contain bovine serum globulin components.
 

Trypanosoma evansi DarasiLemias suitable for IFAT
 

antigen production were observed in rats 24 to 48 hours
 

PI. In ord r to obtain T. theiJeri suspersions suitable
 

for IFAT antigen production, the contents 
of 6, one-week 

old cultures (containing approximately 1.5 ml. of 

liquid phase each) were concentrated into 1 ml. of PBS.
 

Antigen Processing, Fixation, Storage and Evaluation
 

Fixation of bovine origin T. vivax IFAT antigen
 

with absolute acetone:methanol::60:40 at -20 C for 30
 

minutes gave the best results, Adherence of antigen
 

to the slide during staining was excellent. Erythro­

cytes maintained their color Civing good visibility of
 

the antigen during staining and the microscopic field
 

was 
,:lear with a minimum of background fluorescence.
 

The morphological 
features of the trypanosomes were
 

excellent. 
When fixation time wps dpcreased to 15 

minutes the cesults were equally good except that 

adherence to the glass slides was not as consistent. 

Heat fixation produced an undesirable film over 

the field and disrupted erythrocytes and trypanosomes. 



Staining decolorized the erythrocytes making visuali­

zation of antigen during staining dtffJcult. Excessive
 

background fluorescence interferred with the inter­

pretation of suspicious reactions.
 

Buffered formalin at all concentrations gave
 

results similar to those of heat fixation. Background
 

more of a problem than that observed
fluorescence was 


in heat fixed preparations especially at a formalin
 

concentration of 10a.
 

Fixation according to the method described by
 

Stalheim2 ) produced good adherence. However, erythro­

cytes were decolorized during staining and the 
field
 

was consistently covered by a thin opaque film.
 

lots A and B were used
Trvo-losor2 vivax-ant..e. 

after storage at -35 C andsuccessfully in the IFATl 


-70 C for 144 and 116 days rospactively.
 

Trynanosoma evansi IFAT antigen fixed in acetone:
 

methanol::60:40 for 15 and 30 minutes at -20 C exhibited
 

the sa7,e q, alit.es as T. vLv-x IFAT antigen fixed in an 

for minutes at -20 C. Non-specificidentical mc.nner 30 


and background fluorescenm;e did not occur.
 

I.&I IFAT antigen did not adhere
Trvyosoma t' 

well to glass slides when the organisms -were suspended 

However,in phosphate buffered saline (PBS) alone. 
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adherence was markedly improved when equal parts of
 

trypanosome suspension and rat blood were mixed. 
Auto­

fluorescence occurred consistently.
 

Execution of the Indirect Fluorescent Antibody Test
 

Test positions on the antigen slides were examined
 

in numerical order. Reactions were given 1 of 3 dif­

ferent grades: negative, suspicious and positive. All
 

suspicious reactions were re-tested. 
Figure 14 is
 

typica1 of a negative serum reaction, Figure 15 

represents the minimum degree of fluorescence considered
 

suspicious. Figure 16 represents the minimum degree 

of fluorescence considered positive. Figure 17 illus­

trates maximum fluorescence.
 

Evaluation of Indirect Fluorescent Antibody Test
 

Sensitivity 

Figure 18 illustrates IFAT serum titers of 100 

or greater which were observed 7 days PP in calves 

singularly infected with a Huila strain of T. vivax. 

Of 7 calves sampled at this time, 2 were suspicious at 

serum dilutions of 1:50, 2 had titers of 1:50 and 3 had 

titers of 1:100 or greater. A geometric mean titer of
 

1:164 was calculated from the results of 5 samples
 



Fig. 14. Trypanosoma 
vlvax organsms as seen
in negative antibody 

test reactions. Dark 

field. x 800 


Fig. 16. Trypanosoma

yivax organisms fluor-
escing at the minimum 
po'itive level as seen 

in the indirect fluor-
Csnt antibey test. 
Dark field. :- 1300 

Fig. 15. Tryanosoma
 
vivax organisms Iluor­
escing at the minimum
 
suspicious level as
 
seen in the indirect
 
fluorescent ant 'body

test. Dark field.
 
r 800. 

Fig. 17. Maximum pos­
itive fluorescence of 
Trranosoma viva: 
organisms as coon in 
the indirect fluor­
escent cntiboCly test. 
Dark fiele.. :: 800 



Fig. 18. Geometric means and ranges of indirect

fluorescent antibody test Trypanosoma vivax titers

of serums collected from c 
.Ives uscd for a sequential

pathogenesis study of T. vive::. I = Number of calf 
serum samrles availabl, .= ay of inoulation,
P -- day of first detcctable pias~tma in peripheral
blood. 
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observe(! on day 25 PP.
 

The 164 IFAT T. vivax titer determinations of
 

serums collected from the T. vivax-maintenance calves
 

as seen in Figs. 4 through 12 were made on serum
 

samples collected et an average interval of 6.3 days.
 

The shortest and longest time period before a titer of
 

1:100 or greater was observed was 6 and 32 days PP
 

respectively with a mean of 15.9 days PP. The highest
 

titer observed throughout the course of this study was
 

1:400. Maximum titers developed with one exception,
 

in 14 to 33 days PP, averaging 23.4 days PP. Calf 6
 

(Fig. 6) showed its maximum titer on day 109 PP.
 

Of the 133 serum samples obtained from the
 

maintenance calves after the first titer of 1:100 was
 

observed in each calf, 86 of 107 (80.4%) samples had
 

t'ters of 1:100 or greater. Twenty-three (17.3%) 

titers were 1:50. Of these 23 titers, 18 (78.3%) 

were suspicious at serum dilutions of 1:100. Three
 

(2.3%) of the 133 serums titered were negative, 2 of
 

which gave suspicious reactions at serum dilutions of 

1:50.
 

Titers for T. vivax were detected by the IFAT 

for up to 278 days PP. Sudden decreases were observed. 

Calf 9 exhibited a rapid decline in IFAT titer from a 
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high of 1:400 on day 26 PP to negative on day 47 PP in
 

the presence of circulating trypanosomes. A dramatic
 

rapid. drop in titer was observed in calf 5 but in the
 

absence of a visible parasitemia.
 

Repeatability
 

Limited repeatability studies indicated that the
 

probability of repeating titers within t 1 dilution
 

was: a) 82.1 t 11.8% using the same antigen on the
 

same day (Table 3); b) 77.9 t 4.5 % using the same
 

antigen on different days (Table 3); c) 87.5 t 8.8%
 

using different antigen lots on the same day (Table 4).
 

Specificity
 

No cross reactivity was observed with serums 

collected from calves infected with 4. marginale, 

Eperythrozoon sp., Babesia M. or '. theileri 

(Tables 5 through 9). Slight evidence of cross 

reactivity was observed between T. vivax antigen and 

T. evansi positive serums, however, it was not suffi­

cient to interfere with the IFAT for r. vivax (Table 10).
 

Persistence of Maternal Antibodies
 

Data summariamed in Table 11 indloato that IAT
 

,. i 1 i |l ll aII I. L L 



87 

TABLE 3. Probability of Repeating Indirect Fluorescent
 
Antibody Test Titers on Same Day and Different Days

Using Same Antigen Lot
 

Day 1 Titer Day 2 Titer 
 Day 3 Titer
 
Sample Determinations Determinations 
 Determinations

Number First 
 Second First 
 Second First Second
 

1 200 100 100 100 50
200
2 200 200 100 100 100 100
 
3 100 	 200 200 200 50 50

5 400100 	 50 100 100
4 	 100 400 200 20050 00
5o
6 100 	 50 200 50 
 0o 100
7 200 100 1O0 200 0 50
 
8 200 200 200 
 50 200 200
9 200 100 200 200 800 400
10 100 	 100 100 1CO 200 200
11 200 
 50 200 	 100 100 400
 

12 200 	 50 100 100
50 	 50
13 100 	 50 100 50 50 50
 

Sam4 D4y h4greont.a
 

CompArinonn Oberv4,iono
 

Day I10
 

Day3 1A
 

Total OfiarvAton4h'robab11iT~y or" 	 . T;W Z ?L * . 0 t 

1, bIa' II I 0 I rl.0, I1 IIYI 

u " ~h"tL I 1ULI 4 I r a'4,Il 	 -ayi 

4I.Jroert ow tnoru; AppI"I.
at the 9 %oonr4@4" Ino"rv,; 

i 

l 
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TABLE 3. Continued 

Between Day Agreements
a
 

Number Number 
Comparisons Agreements Observations
 

Day 1 86 104
 
Day 2 82 L04
 
Day 3 75 104
 

'otli Atroomotc w 243
 
Totnl uJaorvaiLonz a 312
 

4AyA * 77.9 z 4.5
Pobability of ~; Litur on~dlr*,,rrt
 

r4 cY 4#0 i 
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TABLE 4. Probability of Repeating IFAT Titers Using

Different Antigen Lots 

An~tigten A T-Itar Ar-tigen B 'e 
Sample Determinations J)otermn %-tions~ 
Number First Second Fir-at Second 

2 200 k,)C:0 4 

'IG
 

.4­

*4Go 

Co.~t'6 U~t' r w~~ i;jM~'cGeC. 

#4 1,L 

14 to~ 

~cot 
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TABLE 4. Continued
 

Total Agreements - 49 

Total Observations - 56 

Probability of repeating IFAT titers using different
 
antiren a 87.5 Z 8.6%b
 

?.D. Filrst Dotermination 
S.D. - 5ood Detorzi~n~ on 

4kgroocnta equl th# numbor of IFAT titeiro 

0%,4t Aro fdantl4l or Ao not difo by# =orq thr 1 

dot+om#r 4 uPIAX antleon A,&r oo ar#4 In turn to 
4u llao, ttlr# of tho,,v oaopl 4owt+mr# 4 toy 

+ 4m +to tho vwI+J1 
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TABLE 5. Indirect Fluorescent Antibody Test Results

Obtained from Exposure of Trypanosoma vivax Antigen

to Serum Collected from Calves Infected with
 
Anaplasme marginale
 

T. vivax T. vivax 
Antigen Lot....A Anti Ren Lot B 

A. marginale A. mrinal-positive
 
Calf CF Serum So-mi. Di5utior.s 
Number Titer 1:50 1:100 1:50 1:100
 

304 160 N N N 

315 160 ., N 

0274 ~60INi 

4~.I N 



TABLE 6. Indirect Fluorescent Antibody Test Results
 
Obtained from Exposure of Trypanosoma vivax Antigen
 
to Serum Collected from Calves Infected with
 
Eperythrozoon sP.
 

T. vivax T. vivax
 

Antigen Lot A Antigen Lot B
 

Eperythrozoon-posit ire
 

Serum Dilutlono
 
Calf 


1:50 1:100
Number 1:50 1:100 


53 IN IN 

224 NN 

2 ) $
 

N
 

.14 
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TABLE 7. Indirect Fluorescent Antibody Test Results 
Obtained from Exposure of Trypanosoma vivax Antigen
to Serum Colleoted from Calves Infected with Pabesia
 
argentina
 

T. vivnx T. vivax
 
Anfigen Lot A ktien Lo
 

B. aryentir a D. arZentinal-positive 
Calf CP Serum Serum r)ilution , 

Nurhnr Titer 1:50 1:160 1:50 1:100 

318 80 11 N N 

317 40 t4,()() 

77t. 

'UA 



TABLE 8. Indirect Fluorescent Antibody Test Results
 
Obtained from Exposure of Trypanosoma vivax Antigen
 
to Serum Collected from Calves Infecte with Babesia
 
bigemina
 

T. vivax .. vivax
 

Antigen Lot A antigen Lot B
 

. bigemina-positive
. bigemina 

Serum Dilutions
Calf CF Serum 


Number Titer 1:50 1:100 1:50 1:100
 

6 640 N N N 

232~0 N N N 
"'
 

19 N240 320 N 

)20 N 9
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TABLE 9. Indirect Fluorescent Antibody Test Results
 
Obtained from Exposure of Trypanosoma yivax Antigen
to Serum Collected from Cattle Infecte& with

Trypanosoma theileri
 

T. vLvax T. vivax
 
Antigen Lot A AnTi--an Lot
 

T. theileri-positive
 

Cow E : S 7rum Diutions 
Number Origin of Cow 1:50 1:100 1:50 1:100 

B55 Texas, U.S. N N N N 
H100 Texas, U.S. N N N N 

289 Texas, U.S. N N ' N 

299 Toxas, U.S. it N N; 

5383 Tou, U.., N X+:i 

00.+ 1r++, a+ +,a X4+P4 U . 

V410 II UilI[ It IIII 

4 V410 col 40 4 t 9 
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TABLE 10. Indirect Fluorescent Antibody Test Results
 
Obtained from Exposure of Trypanosoma vivax Antigen
 
to Serum Collected from 2 Calves Infected with
 
Trypanosoma evansi
 

T. vivax T. vivax
 
T. evansi-positive Antigen Lot A Antigen Lot B
 
Serum Description T. evansi-positive
 

Days Post T. evansi Serum Dilutions
 
Inoculation YFAT Titer 1:50 1:100 1:50 1:100
 

Calf 1
 
67 200 S N N N
 
88 100 N N N N
 
91 200 S N N N 

102 200 N N "4 
108 200 N N S S 
1i,6 200 N N N N 
122 100 If N .1 N 
1 o 200 N N s N 
143 100 IN N N 
130 200 .4 N N 

100 

100 N N [ I 

77 100 N
 

10 N it 9 

10,NN
 
104N
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TABLE 11. maternal Antibody Study of 5 Calves
Positive at 1:100 Dilution for Trypanosoma vivaxat Birth as Determined by Indirect Fluorescent
 
Antibody Test
 

Calf Birth Dat . and T1?!,A esults
Number Date 4/--- -f97 

9)82 3/17 
 P N N 

9220 3/26 
 P 
 - N 

9222 3/26 P 
 - N 

9229 3/26 P N ­

9233 3/26 P - N 

P w poqItivf. 
N a negative
- a serum sample not available 
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T. vivax titers of 1:100 may persist as long as 24
 

days in newborn calves.
 

Use of Blood Saturated Filter Paper
 
Discs as Field Samples in Indirect
 

Fluorescent Antibody Test
 

Determination of albumin ratios in sample sets
 

indicated that an equivalent serum dilution factor of
 

67.6 ± 11.1 resulted when 6 mm. filter-paper disc­

blood samples were placed in 0.1 ml. of diluent
 

(Table 12).
 

Table 13 summarizes the results of 3 field surveys
 

in which the IFAT and thick blood smear technique
 

(TBST) for the detection of T. vivax-infected cattle
 

were compared. Using conventional serum samples, the
 

IFAT was 3 and 21.6 times more effective than the
 

TBST in surveys II and III respectively in detecting
 

exposure of cattle to T. vivax. In survey I, only the
 

IFAT detected exposed cattle. Results were similar
 

when eluates from dried blood samples were used in the
 

IFAT.
 

A high degree of agrcement e.xisted between IFAT
 

results obtained from conventional serum and filter
 

paper blood eluted samples. Table 13 shows complete
 

agreement between positive IFAT results for both
 



TABLE 12. Results of Dilution Determinations in Filter Paper Eluatea and
 
Conventional Serum Samples
 

Eluted Eluted Eluted Serum Serum Serum Ratio mg/ml
Sample Protein Albumin Albumin Protein Albumin Albumin Eluted Alb./
Number mg/ml % mg/ml mg/ml % mg/ml Serum Alb. mg/ml
 

I 14.0 4.8 0.67 132.7 29.0 38.5 1:57.5
 

2 10.0 6.0 0.60 130.0 22.4 29.1 1:48.5
 

3 10.2 5.7 0.58 140.7 31.6 44.6 1:76.9
 

-4 13.9 -4.7 0.65 102.5 41.6 42.6 1:65.5 

5 9.8-- 5.6 0.55 92.5 44.7 
 41.3 1:75.1
 

6 10.5 6.5- 0.68 
 122.6 43.5 53.3 
 1:78.4
 

7 8.7 5.5 0.48 120.6 27.6 34.1 1:71.0
 

Mean 1:67.6 b
 

a6 mm. dried blood saturated filter paper disc eluted in.01 ml. of
 

diluent 

bStandard deviation of the reciprocal of the mean = + 11.1
 

ko 
%10 
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TABLE 13. Comparison of Indirect Fluorescent AntibMY
 
Test Using Conventional Serum and Flt'ir Paper Blood 
Elunte Samples to Thick blood Smear Technique for 
Detection of TrynanogoAna vivax in Cattlo 

Survcy 

No.No. N No. 

Total cattle sampled 204 - 81 - 184 -

IFAT positive (conven­
tional st'nm stirple) 24 11.7 9 11.1 20 20.8 

IFAT positive 
(eluate sample) 28 13.7 9 11.1 5 2.7 

I . vivax poitive 
hio. ears 0 0.0 3 3.7 1 0.5 
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boon #oon to Inaroooe h44 te.0a41 boon followed for a 
longor perlod of ti o. ?he P#rlodlo dacraanea prgo"Ing 
the rmappoaramo of oiroua n tryp&nao.oa may have 
boon due to an Irduc#4 exp.ron of the pZiza volum,9 
It wa oonolu.44 that orco &n upward tren4 in ?CV 
ooecurr*4, calvos Ifotod with the Montoria strain or 

to V~&A WOU4 gurv~vo. 

T4# wvolo rooza~, toporturo valuov In response 

to 1"o. prooi0vo4pTm lb, 1v the use of thispMr4imor 4.a it ultablo 441.ortorlr.4c asto, Inconslstenoy 
botwon 4o@ross or ,-jvx pmraltomisi &Md rootal 

4xporlzont~l OrgArnisms 

Tho *#An lor~h of I , c4oront Oali within the
 
rantoa but 14 loss 
 th#n the zo&ra of Afr11,cn strains of 
As, A rooor4d by Hoare And aroo "' ard ?alrbairn. 18 

Tho ##An rw #i4ioIs wthin the ranrea rooordod for
 
5outh A".rican strains 
but ~o lo. than the reported
 

"Ana4 26.29,)B,39,46
 

Variation between 
 the means reportd by the above 
workorp may have been due to *trA n dioferenoes, the 
mothod of saaplo ool2ootlon, smear preparation, soning, 
me~uroaent teohniquae and the form or the typanomom 

http:441.ortorlr.4c
http:oonolu.44
http:tryp&nao.oa
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as well as the homogeneity of the population measured.
 

As indicated by the author, the morphological character­

istics of T. vivax appear to be influenced by the stage
 

of parasitemia. A similar observation was made by Wells
 
53 

et al. No mention of the parasitemic stage at the
 

time of collection was made in the above papers.
 

In the present btudy total length, mid-kiretoplast
 

to mid-nucleus (KN) and width at nucleus (WN) mea.3ure­

ments of T. vivax were th, least variable based o;i the
 

coefficients of variability. Measurements of mid-i
 

nucleus to anterior end (NA) and free flagellum (P)
 

varied due to difficulty in determining the exact point
 

where the F began. The high coefficient of variability
 

of posterior end to mid-kinetoplast (PK) was attributed
 

to its small size. The coefficients of variabilil;y of
 

Identical anatomical measurements, with the exception of
 
46 

WN, made by Shaw and Lainsor4 agree closely with the
 

results of this study.
 

From the above results, the author thinks that in
 

addition to total length, KN should also be routinely
 

determined for each new strain of T. vivax isolated in
 

Colombia. Such information may aid in strain identi­

fication in Ppidemiological studies. Homogeneity of the
 

population to be measured is an absolute requirement.
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Tnerefore, trypanosomes should be collected during the
 

rapidly ascending phase of a parasitemia. At this time
 

large numbers of organisms from a homogeneous population
 

are available. 
Techniques of smear preparation, fixa­

tion, staining and measurement should be standardized.
 

The observed frequency occurrence of T. vvax
 

parasitemias in maintenance calves was similar to
 

patterns observed by others. 2 9 4 6 
 The lack of success
 

in low temperatire preservation of T. vivax may have
 

been due to intrinsic qualities of the Monteria strain.
 

The possibility also exists that the modification of
 

the method of Cunningham 
t al.ll altered the critical
 

rate of cooling required for the successful cryopreser­

vation of T. vivax.15 
 Admittedly, cryopreservation may
 

have been successful for a period less than 5 months but
 

was not detected.
 

Development of T. evansi parasitemias in rats
 

inoculated with infected blood or stabilates followed a
 

characteristic pattern.2 1 
 Successful cryopreservation
 

of T. evansi was expected because of the close phylo­

genetic relationship to T. brucei 31 
and the ease with
 

which the latter has been preserved.lllS,22,4 0 Try
 

panosoma evansi is present in the eastern and western
 

hemispheres and has been reported to produce clinical
 

http:pattern.21
http:vivax.15
http:others.29
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disease in cattle.3 1 Observations from the author's
 

study and the results of Clark and Benavides 8 and the
 

study by Valero as cited by Wells et al.53 tend to indi­

cate that bovine T. evansi infection is not a clinical
 

problem in South America.
 

Indirect Fluorescent Antibody Test
 

The limited success in obtaining T. vivax para­

sitemias in white rats parallels the initial successes
 

reported by Desowitz and Watson16 917 in tieir preliminary
 

studies designed to adapt T. vivax to rodents. The high
 

degree of success achieved in the cow to rat and first
 

rat to rat passages apparenzly were due to the large
 

inocula used. Greater success with subsequent rat to
 

rat passages may have been obtained if amounts of ovine
 
7
 

large as 3.0 ml. were given to all 
rats.
 

serum as 


Failure of T. vivax infections in sheep to produce
 

high and persistent levels of parasitemias has been
 

observed.17246 Parasitemias may have been increased if
 

the sheep had been immunologically suppressed. Due to
 

the difficulty in consistently producing suitable T.
 

vivex parasitemias in the rat and the sheep, indirect
 

fluorescent antibody test (IFAT) antigen from these
 

sources was not compared to bovine derived T. vivax
 

http:cattle.31


IPAT Anti n. 

Immunouppressivo toohniquoa hAve bin O#4
 

eftoctively in inoreasing h#oopraOit, 
32,50 Because no controls were onpoy#4 wh#A Fa # 

was produced J.n vvjMntign oalves A ar,4 b, r,­
itive oonolu4ions oannot be md roxNIAr to e'flor y7 

of the immunosuppreaive teochniques usQ4 in ta ot y 

However, subjective obervationb botiv#n 
. ,
 

maintenance oalves and antigen olves In4lo4t trb, tho.
 

above teohniques were useful.
 

The proenoe of no"-speoifioally fuoropsno t 
-. 
panosomen was apparently due to tagged AJ;t=ovio 

globulin combining with bovine seruz a lutInlrs ttP
 

had attached to the surfaco 
of the trypar.o~oz. Von­

speocifio fluorescenoe obnorvil. by others 6t low bor 

dilutions4 2 ,3405 7 
may have been duo to low levels of 
agglutinins induced by other species of trypoaoiee, 

immune adherence antibody,3 7'4 1 
normvl opsonins or
 

other non-speoitflo serum-antigon interact;ions. Beoause 

non-specifio fluoresoing trypanosomes are a potential 

source of error in the IAT, test &ntigen should only 

be prepared from T. vivax-infooted bovine blood not *on­

taining agglutinated trypanosomes. 

ftforts to obtain suglobulin-free trypanosom rich 
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In thV oattlg popilation lis 

view or Its preonoo in?namain cattle.
8 Therefore,
 

to ainjolto the possibilit Of any cros reaOctOn, & 

as the baseline1:100 e dllutior was selected 

onductd in this study.
dilution f'or all surveys 


faernal Antibodiso
arjst4)no* o" , 


Due to the )&ok of s€ntiq sa.mples available. the 

tndi ated inTable 11 can only be regoarod

result# as 


of' the duration of maternal antibodies
 as an indioetOfl 

In newborn calves capable of eliociting a posltive Z. 

vOvyx HAT iaotion. Such antibodies m~y persist up to 

There are no reports In the literature cn­
24 days. 

maternal
cernIr4 the perstotenoe of trypanosoe-speifoii 


In newborn calves with which to

fluorescent antibodies 

the above observation.compare 
the duration or trypanasome-Knowledg regardirl 

spe4oiic maternal IPA? antibody in calves is essential 

The laok of"suchfor accurate epidemiologtlal studies, 
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reaotors without subsequent serum titrations.
 

Une of Blood Saturated Filter Paper Discs as

Field !amples in Indirect Fluorescent Antibody Test
 

Albumin wits chornen as the serum component to com­

pare In determinIrg the dilution factor becLuse it 

migrated suowly and remained distinct from hemoglobin
 

And globulin fraction!) on cellulose polyacutztc support 

medium during electropnoresi,;. Th resultinZ dilution
 

factor of (,3i 11 wa,; cor-;idcred too low for field
 

surveys if the posfibility 
of T_. -wAm:; cro:; reactions
 

were to be minimized. Consequently, a new dilution
 

factor of AA 1 14 was selebctCd and attained by increas-


Inp tho ,luent per dried blood s,,mple from 0.100 ml. to 

0.125 ml.
 

Th#e mothod u:;ed by the author for the preparation
 

of filter paper blood twA:nples wa.; considered to be
 

superior to th, procedure employed by ixiley t nl. 6 

Conntruction of wells directly on antigen slides was 

ted1oun nnd required more tlme than preparing ulidos 

for T.ho atindard IvAT proce6ure. In contrbst, the wells 

of microtit,.r tray: could be filled rnpidly with eluent 

and dri 'd 1):1,o,1 :Jwrpl(i,. Tho resulting eluates were 

then removol w.th modified Pa.teur pipettca and placed 

directly on tleln fin in the atArndard IFAT procedure 
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described above. An added advantage was that once
 

filled with eluent and sealed, microtiter trays could
 

be held overnight at 4 C, thus proNiding a convenient
 

stopping point. 

Thf. efficacy of the IFAT over the TBST in detecting 

exposure of cattle to T. vivax was adequately demon-

III (Table 13) and supportsstrated in surveys I, II and 


the findings of other workers.36,51x55P61
 

Applying the classification system of Wilson and
 

Cuningham, it appears that the high rates of efficacy
 

of the IFAT over the TBST observed in surveys I and III
 

probably indicate a status of latent herd infection
 

because the percentage of IFAT reactors in the herd did
 

not change significantly over a 6 month period. Con­

versely, the lower rate of IFAT efficacy seen ii,survey
 

IT probably indicates a more recent infection,
 

The above conclusions wero verified by ,e history
 

of the herds surveyed. Surveys I and III were made in
 

the same herd 6 months apart. No problem of clinical
 

trypanosomic-sis was reported in this herd for over one
 

year prior to or during the interval between surveys.
 

Survey Il was made on a herd at the onset of an acute
 

trypanosomiasis outbreak.
 

The hLh degree o correlation between conventional
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and eluste sample ..FAT results in surveys I and II
 

(Table 14), coincide with the findings of Cunningham
 

et al. 12 A similar comparison of IFAT results of survey
 

III was not made because the dried blood samples were
 

stored at a higher temperature for a longer period of
 

time than the samples of surveys I and II. It was
 

thought that the prolonged storage resulted in a loss
 

of serological activity, accounting for the 4 fold
 

difference between IFAT results presented in survey III
 

(Table 13).6 The disagreements in survey I (Table 14)
 

were attributed to technical errors 
in preparing samples
 

for the IFAT.
 

Positive/suspicious (P/S) combinations between
 

conventional serum and eluted filter paper blood
 

samples from the same source were considered agreements
 

for the following reasons. Normal fluctuations of plus
 

or minus 1 IFAT titer as 
seen in Table 3 can account
 

for a P/S combination. In addition, the total number
 

of P/S combinations of conventional and eluted samples
 

respectively were nearly equal to the number of P/S
 

combinations of eluted and conventional samples
 

respectively.
 

Although initial results indicate that filter
 

paper blood sarples can be used successfully in field
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surveys, addizional oorrelation'stuaies are required.
 

The main thrust oV these studies should be directed
 

at determi,iing tha rate at which seroiogical activity
 

is lost in fi±ter paper blood samples collected anda
 

handled under various field conditions. High tempera­

ture and humidity of the tropics may result in suffi­

cient loss of activity so that serums collected from
 

cattle during the initial stages of T. vivax infection
 

when IFAT tiLte7s are characteristically low, may be
 

found to give false negative results.
 

Trypanosoma vivax Survey of
 
Colombian Cattle Using Indirect
 

Fluorescent Antibody Test
 

The results of chi square statistical analysis
 

presented in Table 16 were derived from data collected
 

from sites in which there was sufficient categorization
 

of data to permit analysis, Each site was analyzed
 

separately. The results pertaining to age distribution
 

were not considerea to be additive because the samples
 

were not thought to be homogeneous.
 

The finding that there was no overall significant
 

difference in the incidence between sexes of T. vivax­

IFAT-positive cattle agrees with the observations
 

of Wain et al. 5 1 The significant differences between
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incidence of IRAT-positive cattle among age categorie3
 

at sites 2, 3, 45(10/68) and 45 (4/72) may be an indi­

cation that younger cattle are less susceptible to T.
 

vivax infection than older cattle (Table 16). However,
 

this hypothesis is considered unlikely in view of the
 

observations of others 51 , as well as the ease with
5 3 


which it was possible to infect calves under 6 months
 

of age with T. vivax in this study.
 

It is more likely that the difference in incidence
 

of IFAT-posJtive cattle within age groups reflects the
 

rate of infection that exists in a given area. In
 

areas with low infection rates, a higher percentage of
 

IFAT-positive older cattle would exist because of greater
 

exposure time to infection, whereas in areas with high
 

infection rates, the differences between age classes
 

would be expected to be leo- pronounced.
 

Consequently, the differences observed between age 

groups at sites 2 and 3 were thought to be due to 

sporadic outbreaks. The absence of infected calves 

may be an indication that an outbreak occurred at least
 

6 months prior to the time serum samples wore collected.
 

The outbreak at site 3 probably occured even earlier.
 

Both sites-2 and 3 are located in Los Llanos where
 

alternating dry and wet seasons occur. 
Consequently,
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!'rDalO~~#Vim with a mnz length ot 19.6 

1 u w5war 1oitod ro a cow in the Deartment of 

Co'4oba, Colombia. The isolate of . WX was ploo­

snorphin in blood varying from predominately slender 

form. with tapring poosterlor ends during ascending 

peorutasiaas, to broader forms with large rounr4d 

posterior ends which were present durlng the latter 

phAses' of lon~r standing parasitemles'. The trypano­

some was purifled by passing tt through a sheop which 

wAs aSwint;owisDly treated with 0loxaszon and oxy­

totrny'dln. ,Suboequently, the isolate was maintained 

only In colven because low temperature stor^ge o the 

OrraniomP w s uiuooelmsful. 

M.-maintenance oalves was
The health ot Z. M1 


monitored via paokod cell volume, reotal temperature 

and the extent an4 frequency ot parasitemir. Paocked 

cell volumes declined to their lowest value within 31. 

days post inocul4tion (?I), after whioh a slow gradual 

innline wan observed. No direct relatiozahip between 

decree ot parasitmia and rectal teperat\%r was 

observed. The frequency and Intensity of parasitemias 

doroasood sharply 60 days post parasitemia (PP). 



Clrou)srtiv try~nos es wera soon as long as 180 days 

PP. 

An sola0te Of .. ovans originally derived from 

a vampire bat was maintained by storing stabiltosa at
 
-70 C. Concurrently, the Laolat0 w~g zA;tirno6 in 

calves up to 143 days P1. Thick blood erar ox&Mtra­

tilon was more efficioent, than wet mount, oxe~lrd ton 

for doot ri porastemiao during 1the initialarrod 

Of infeotion. ?r3=anosot It'. was isoatod froz 

the CIAT herd and maintaired through 6 pasOsages on 

moditied blood arar. 

?rvn..nosoma ViVnX organisms for IPAT antigen
 

preparation were obtained by infeoting homoparazite­

free calves. Ifigh levels of perasitomia were easily 

attained in Oplenootomizod atriod-troAod calves. 

Adequate levels O pArasitomia. for antigen production
 

occurred when 12 to l trypanonamos were observed per 

x 1000 field Of a stained thin blood smear'. anom 

ytXLx-infeoted sheep tailed to develop adequate levels 

oa parasitemia, While It was possible to serially 

pASs Z. V organisms from an Infeoted calf through 

rat pasOaes&, it was not possible to oonsistently 

obtain suitable levels o paragstemi&. 
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frynanooma evani orwanisms for ZPA? antigens 

were obtained by l'eeting rate with stabilates. 

Culture form of Z. hetler.I were used for hFAT anti­

gen.
 

IndireOt fluoroesent antibody test antigen war 

prepared by evenly distributing . vZI -nfooted 

oitrated blo. over the entire surface of glass 

mioroscope slides. The smoars were air dried and 

fixed In 60:40: :aoetone:mothanol at -20 0 for 30 min­

utes. Dried, fixed antigen preparations wore stored 

dry at -35 C or -70 C and used suoostully in the 

IhAT for periods up to 144 and 116 days respeotively. 

y2rgnooa* ovansi and Z. hoileri IhAT antigen was 

similarly prepared.
 

Indirot fluorosoent antibody test serum titers
 

of 1:100 or greater were observed at a mean time of 

15.9 days PY with a range of 6 to 32 days PP. Kax­

inum titers of 1:400 developed in 14 to 33 days PF 

in 8 calves. In 1 oalf, 109 days were required before 

the maximm titer was attained. $erum titers per­

sisi oi in alves up to 278 days PP. Maternal anti­

bodies oapable of cmaing a positive fluoresoent 

reaOtion at a 1:100 serum dilution, persisted for 24 

days atter birth in 1 salf. 

IT 



- - -

137 

At serum dilutions of 1:100 the IAT deteoted
 

positive reactions In 80.4% of 133 serum samples
 

obtained from 9 calves at various times during the
 

courso of T. vivox infections. At serum dilutions of
 

1;50, the percentage of pooitive reactions increased
 

to 97%.
 

No cross reactivity was observed between Z. vivax
 

and Anaplasma marginale, BabesLa orentini, Pabesia
 

btpemina, jnerythrozoon a. or Trypanosoma theileri
 

at 1:50 serum dilutions. Suspicious reactions were
 

occasionally observed when Trypanosoma evansi-positive
 

serum diluted 1:50 and 1:100 was used in the IFAT for
 

Z. yivax. No false positive reactions were observed 

when ierums from 36 homoperanite-free calves were 

tested. 

Results from the IFAT were able to be repeated 

within plus or minus 1 dilution approximately 80% 

of the time using the samo or different antigen lots. 

Samples obtained for the IFAT by eluting dried 

serum from blood-impregnatod filter paper discs 

produced results nearly equal to those obtained by 

using conventional serum samples when dried samples 

were stored at 0 C for 10 days or less prior to use 

after delivery from the field. 

~ 
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In field surveys the IPAT was up *4o 21 times more
 

effective in detecting Z. via-posit',ve cattle on the
 

basis of antibody presence than the ',hiok blood smear
 

technique.
 

Recults from a survey involving 2,033 cattle from 

11 departmenta and territories in Colombia revealed 

the presence of . vivax antibodies in cattle from the 

departments of Soyaoae Cordoba, Meta, Sucre a d Valle. 

No Z. vivax IPAT antibodies were detected in serums 

obtained from cattle in the departments of Antioquia, 

Cauca, Caquetai Cundinamaroa, Tolima and Viohada. 

I| 

7 $~ A. 



139 

REFERENCES
 

1. Anderson, R. I., Sadun, E. H., and Williams,
 
J. S.: A Technique for the Use of Minute Amounts of

Dried Blood in the Fluorescent Antibody Test for

Sohistomsis. Exp. Parasitol., 1, (1961): 111-116.
 

2. Anon.: A Hanua2 for Conducting the CF Test

for Anaplasmosis. Lob Services ADE, ARS, USDA,

Washington, D.C., (1958).
 

3. Anon: Atlas Banico de Colombia, Instituto
 
Oeograftco "Agustin Codazzi', Bogota, Colombia, (1969).
 

4. Anon: Clinical Electrophoresis: Gelman

Procedures for Special Eleotrophorecis. Gelman

Instrument Co., Ann Arbor, Michigan, (1970).
 

5. Bailey, N. M., Cunningham, M. P., and

Kimber, C. D.: The Indirect Fluorescent Antibody

Toot Applied to Dried Blood Samples for the Diagnosis

of Human Trypanosomiasis. EATRO Ann. Rep., (1966):

33-34. 

6. Bailey, W. M., Cunninghhm, H. P., and
Kimber, C. D.: The Indirect Fluorescent Antibody

Teohnique Applied to Dried Blood for Use as a Screening
Test in the Dignnosis of Human Trypanosomiasis in
Africa. Trans. HRy. Soc. Trop. Mod. Hyg., 61, (1967):

696-700.
 

7. Callow, L. L., 
and Parker, H. J.: Cortisone-

Induced RelapsesI in j a Infections of
Cattle- Aust. Vot., J., 45, (1969;:--103-10,. 

8. Clark, H. C., and Bonavides J.: The Cattle
Reservoir for Eeuina Trypanosomiasis In Panama. Am.
Jour. Tr p. od., 10, (1933): 288-299. 

9. Clarkson, M. J.: Blood and Plasma Volumes

In 3heep Infected with 
 anw# y . J. Comp.P 
Path., 78, (1968): 189-l9,.
 



140
 

10. Cunningham, M. P., and Grainge, E. B.: 
Immune Response of Cattle Infected with Tryoanosoma 
brunrei Subgroup and the Antigenic Variation of 
ineting organisms. Isotopes and Radiation in 

Parasitology International Atomic Energy Agency, 
Vienna, (1966): 77-88. 

11. Cunningham, M. P., Lumsden, W. H. R., and 
Webber.: Preservation of Viable Trypanosomes in 
Lymph Tubes at Low Temperature. Exp. Parasitol., 
14, (1963): 280-284. 

12. Cunningham, M. P., Wilson, A. J., and 
Kimber, C. D.: Modification of the Indirect Fluor­
escent Antibody Test as'Applied to Bovine Trypano­
somiasis. EATRO Ann. Rep., 29, (1966). 

13. Daley, C. A.: A Sequential Study of the 
Pathogenesis of the Disease Caused by Trypanosoma 
vivax in Experimentally Infected Calves, Utilizing 

=ni cal, Pathological, Histopathological and 
Immunofluoresoent Techniques. Thesis, Texas A & M 
University, (1971). 

14. Dar, F. K.: Antigenic Variation of Trypan­
osoma vivax in Cattle Infected with Strains from 
W -Cauai Tsetse Flies. Trop. An. Hit. Prod., 
, (1972): 22-244. 

15. Dar, F K. Ligthart, G. S., and Wilson, 
A. J.: Cryopreservation of Pathogenic African 
Trypanosomes I Situ: Metaoyclio and Bloodstream 
Forms. J. Pr-oiTzoo., 19, (1972): 494-497. 

16. Desowitz, R. S., and Watson, H. J. C.: Studies on TrynoMa vivax I. Susceptibility of 
White Rats to Infection. Ann. Trop. Med. Parasit.,
45, (1951): 207-219. 

17. Desowitz, R. S., nd Watson, H.J. C.: 
Studies on TEXanosS viva. III. Observations on 
the Maintenance of a straiPnin White Rats. Ann. 
Trop. Med. Parasit., 46, (1952): 92-100. 

+ 

18. Pairbairn, H.: Studies on TryanooM&, 
a IX. Morphologioal Differenoes In Strains and 

Ther Rel.tion to Pathoxerloity. Ann. Trop, Med.+P~arit.,v47, (1933): 394o,105.3 *. 

w I 

: 
I 
I+: 

+: ' + " : + + + +'' 1 z+ ? ,7 :+ + T 7 ++ + : ], + . .. 
. . . . . .. . 

. . ++ 
+ + 

..- ,:+: :+ ,,+t+ + ,+ ,:+ ,+ +*v + + + + + a+,.. . 



141 

19. Fiennes, R. N. T. W., Jones, E. R., and
 
Laws, S. G.: 
 The Course and Pathology of Trypanosoma

congolense (Broden) Disease of Cattle. 
J. Comp. Path.,
56, (1946: 1-27. 

20. Fife, E. H., and Muschel, L. H.: Fluor­
escent Antibody Technique for Serodiagnosis of
 
Trypanosoma cruzi Infection. Proc. Soc. Exp,, Biol.
 
and Med. Parasit., 101, (1964): 473-480.
 

21. Godfrey, D. G., and Killick-Kendrick, R.:
 
Trypanosoma evansi of Camels in Nigeria: A High

Incidence Demonstrated by the Inoculation of Blood

into Rats. Ann. Trop. Med. and Parasit., 56, (1962):

14-19.
 

22. Herbert, W. J., Lumsden, W. H. R., and

French, A. M.: Survival of Trypanosomes after Rapid

Cooling and Storage at -196 C. Trans. Roy. Soc.
 
Trop. Med. Hyg., 62, (1968): 209-212.
 

23. Hoare, C. A.: The Trypanosomes of Mammals.
 
Blackwell Scientific Publications, Oxford and Edin­
burgh, (1972): 57-59.
 

24. Hoare, C. A., and Broom, J. C.: Morpho­
logical and Taxonomic Studies on Mammalian Trypanooomes.

IV. Biometrical Study of the Relationship Between
 
Trypanosoma uniforme and T. vivax. 
Trans. Roy. Soc.
 
Trop. Med. Hyg., 5, (19387: 51-7-533.
 

25. Hudson, J. R.: Acute and Subacute Trypan­
osomiasis in Cattle Caused by T. vivax. 
J. Comp.
Path., 54a (1944): 108-3I19.
 

26. Johnson, C.M.: Bovine Trypanosomiasis in
 

Panama. 
Am. J. Trop. Med., 22, (1941): 289-297.
 

27. Killick-Kendrick, R.: The Diagnosis of

Trypanosomiasis of Livestock: A Review of Current
 
Techniques. Vet. Bull., 38, (1968): 191-197.
 

28. Kimber, C. D.: A Method for Diagnosing

Human Trypanosomiasis Using the Indirect Fluorescent
 
Antibody Technique. EATRO Ann Rep., 35, (1965).
 

- ...... . . . . , -......... L 
 , ... -.. . . ----.... .,. 



142 4 
Kubes, V.:. El Trypanosoma vivax Americano:. 

Agente de la Trypar~osomiasis ]3ovina en Venezuela su 
I:29. 


Comparac.ol con el del Africa*, Editorial Grafolit,-A Caracas, (1944)*: 1240~ 

30. L.anham, S. M.: Separation of Trypanosomes
 
From the Blood of Infected Rats and Mice by Anion-

Exchangers. Nature, 213, (1968): 1273-1274.
 

31. Levine, N. D.: Protozoan Parasites of
 
Domestic Animals and of Man. Burgess Publishing Co.,
 
Minneapolis, (1961): 51-53.
 

32. Luckins, A. G.: Effects of X-Irradiation
 
and Cortisone Treatment of Albino lats on Infections
 
with Brucei-Complex Trypanosomes. Trans. Roy. Soo,
 
Trop. nel. Hyg.t,661,(1972) 130-139. 

33. MacLennan, K. J. R.: Aparasitaemic 
Interval After Therapy of Tryganosoma vivax. Trop. 
An. Hlth. Prod., 3, (1971) 208-212. 

34. MacLennan, K. J.R., and Na'Isa, B. K.: 
Relapsing Tr anosoma Infections in Nigerian
Tetn 

Zebu Cattle Treated with Diminazine Aceturate. Trop.
 
An. Hlth. Prod., 2, (1970): 189-195.
 

35. Mahoney, D. F.: Bovine Babesiosis:
 
Preparation and Assessment of Complement Fixing
 
Antigens. Exp. Parasitol., 20, (1967): 232-241.
 

36. Mwambu, P. N.: Prevalence of Trypanosoma
 

vivax Infection in Cattle in Teso District, Eastern
 
Uganda. Bull. Epizoot. Dis.Afr., 17, (1969):
 
395-.402.
 

37. Nelson, H. A., Jr.: The Immunoadherence 
Phenomenon. An Immunologically Specific Reaction 
Between Micro-Organisms and Erythrocytes Leading to, 
Enhanced Phagocytosis. Science, 118, (1953): 733-737. 

38. Niesahulz, 0: Ueber die Norphologie des
 
Trypanosoma vienni'aus Surinam (Niederlandisch
 
GiuyaIn). Zeitschrift fur Infektionskrankheiten,
 

5,(193i8): 207-216.'
 

Up.,. 17796
 

395-40427
 

http:Comparac.ol


143 

39. Nieschulz, 0., Bos, A., and Frickers, J.:

Over een Infectie Door Trypanosoma vienni Big enn
Rund uit Suriname. Tijdschriftv. Diergeneeskunde,

65, (1938): 963-972. 

40. Polge C., and Soltys, M. A.: Preservation
 
of Trypanosomes in the Frozen State. 
Trans. Roy. Soo.
 
Trop. Med. Hyg., 51, (1957): 519-526.
 

41. Rieckenberg, H.: Eine neue Immunitat­
reaktion bei Experimenteller Trypanosomen-Infektion:

die Blutplatallchemprobe. Z. Immunitsforsch., 26,

(1917): 53-64.
 

42. Rukmana, M. P.: Virsuche zum Nachweis
 
von Trypanosomen Im Blut mit der Hamatokrit-

Zentrifugation nach Woo. 
Z. Tropenmed. Parasit.,

23, (1972): 156-166.
 

43. Sadun, E. H., Duxbury, R. E., Williams,
 
J. S., and Anderson, R. I.: Fluorescent Antibody
Test for the Serodiagnosis of African and American
 
Trypanosomiasis in Man. J. Parasit., 49, (1963):

385-388.
 

44. Schindler, R.: Untersuchungen uber die

Brauchbarkeit Serologischer Verfahren fur die
 
Diagnose der Rhindertrypanosomiasis in Afrika.
 
A. Tropenmed. Parasit., 23, (1972): 78-88.
 

45. Schindler, R., and Sachs, R.: Serologische

Untersuchungen bei Hunden nach einer Infektion mit
 
Trypanosoma brucei. Z. Tropenmed. Parasit., 21,

(1970): 339-346­

46. Shaw, J. J,, and Lainson, R.: Tpanosoma

vivax in Brazil. Ann. Trop. Med. Parasit., 
?197 ): 25-31 

47. Stalheim, 0. H. V.: Leptospirosis Diagnosis
by Immunofluorescence: Improved Procedure for Antigen

Preparation. 
Am. J. Vet. Res., 32, (1971): 2107-2109.
 

48. Steel, R. 0. D., and Torrie, J. H.: 
Principles and. Procedures of Statistics. McGraw-
Hill, New York, (1960): 353. 

....... i .... , . ....
i 



49. Todorovio h., Ferris, D. and Hstlo, ti.:
 
Roles of the Spleen In Acute Plasmodlal and labesial
 
Infeotions in Hats. Zxptl. Parauit,, 21, (1968):
354-372.
 

50. Unsworth, X.: Studios on 2=2o40A 11 . 
V. The Maintenanoe ot a Strain in Mioe with Obtorva­
tions on the Effeots of Splenootomy. Ann. Trop. M.od
 
Parasit., 47, (1953): 232-239.
 

51. Wain, E. D., Sutherist, R. W. Burrido
 
M. J., Pullan, N. 8., and Reid, H. W.: hurvey for
 
Trypanosome Infeotions in Domestio Cattle and Wild
 
Animals in Areas o East Africa. 1I1. Salivarlan
 
Trypanosome Infeotions In Cattle in Relation to the
 
Glossina Distribution in Busoga District, Uganda.

Br. Vet. J., 126, (1970): 634-641
 

52. Wolla, E. A.: Studies on v.panoo­
t.11a i-Like Trypanonomos o Cattle. IIiCuture 

o Isolations r.
4.66-41?6. Vet. J., 127, (1971):
 

53. Wells, E. A., Betanoourt, A., ar Pgo,

W. A.: The Epidemiology o Bovine Trypanosomiasl

in Colombia. Trop. An. Hlth. Prod., 2, (1970):

l-123.
 

54. William, .1.S., Duxbury, 1. B., Anderson,
H. I., and Sadun, E. H.: Pluoresoont Antibody

R|eactions in Trypaosoa rhodeniense and Trypaoaa


In Experimental Animals. J. Parasiotoi,,

: 380-384.
 

55. Wilson, A. J.: Value ot the Indirct

Fluoresoent Antibody Test as a Serologioal Aid to
 
Diagnosis o Olossina-Tranamitted Bovine Trypano­
somiasi.. Trop. An. Hlth. Prod., 1, (1969)-89-93.
 

56. Wilson, A. J., ai Cunningham, M. P.: 
Immunologioel Aspects o Bovine TrypanosomLasiss IV.
Patterns in the Production of Common Antibodies.
 
Trop. An. Hlth. Prod., 3, (1971): 133-139.
 

[
! 4xz ; : :- NE W."7 
S ,,.... .. ,... . .J 



2 0&
 

38. U0o, T. X.: ?h# KHaor~toi Centrifuge trtho Doeioi of'OLyna sI blood, C~n. J,zool., 47, (19) 921-92).
 

Tooh1niqueotr th' D1,vat AfriLtn Try4*oso­;15m Act& Trap., 2?# (1970): 364-386. 

60s. Y'agor, At. 0,: A Zotho4 o " Iooatrn 

Goao,4~4, E.: A Cozp*riaon ao t ho44 for t..DIWAos*1s at TryjwroisoxI&sa In Ep#st Arric~n DwwetloRumirants. 
Trop, An. H1th. Prod., 5, (1973): 7946.0 

14V Ml f "
 



74 !i 'il, , i, • W3+' r 'rmr ' * " ...... ....,rw.9,, 

VITA
 

jowwt lirloy~tt " bon Au at 14# 194 

Sreutm, Now Jersey. go was gr&aduatod from high 

school in ightstowa, Now Jorcey In 1939, 

in 196 ho reoeivoed the Doehoor of Soiono degree 

In pro-votoriwy naoLono from the Pennsylvon State 

Untvsrsity. He rooeivd his Doctor of Veterinary 

dioins d gree t'rom Cornell University In 1966. 

Upon graduation frog Cornell, ho workod as voter­

inarian for the Hospital Albort Schweitzer in Haiti for 

one year. 

He entered the U.S. Army Votorinary Corps in 

January 1968 a4 +served at Port Benjamin H rrison, 

Indima and as Port Vterinarian at uI Nhou, South 

Vieton, 

In Pebrary of 1970 he assumod a position in a 

small animal veterinary practice In fronton, N.J. In 

August 1970 heoaoopted a fellowship from the Institute 

of Tropical Votorinary Medicine at Toes A & X Univor­

sity t purUO graduate studios in Veterinary hioro­

biology at Toexa A & M6 and Call, Colombia. 

He was married to Joan Bnders of Cranbury, N.J. In 

1964 and they have two children, Bradley and Adriana. 

tyt for this thesis was Jean Is Platt, 

- +! P + ++++ 

+?+ + + , +++ +* +,+++++ 
! ?+;++=++++ + ++ ++ + + +: ++ + + + +++ ++ -­++? + +++ ++++ 

+ +++++ ++* ;+ti*++++'+ 


