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In the Panamanian region there are gporadic oulbreaks of try-
panosomiasis in horses and mules.  During the spring of 1931 we
were allorded the opportunity of studying the serology of this
infeetion in an untreated herd of mules and in a berd of horses
which had undergone & series of treatments with Bayer 205 and
tryparsamide. This serological investigation waz carried out
with two objects in view. It allowed us, in the first place, to
compare the resultz of complement fixation, precipitin, red blood
cell adhesion, Wassermann and mercurie chloride tests, and in
the second place, to evaluate these various serological tests in
terms of the blood findings with a view toward perfecting a diag-
nogtic test.

LITERATURE REVIEW

Drarling (19107 made the Orst scientific record of equine trypanosa-
miasis in Panama. He adopted one of the local names, murring, for the
dizeaze and named the causative organizsm Trypanosema kppdcoum,
More recently, Clark, Casserly and Gladish {1933} have investigaled the
discase extensively, 1t is unneeessary to deseribe the clinical pieture of
the dizesse because g posilive diagnosis rests zolely upon the demonstra-
tion of the parasites in the peripheral bload.

! This investiration was aided in part by a grant from the Rockefeller Pounda-
tion to the Tniversity. The authors wish to express their appreciation to Dr,
Herbers €. Clark and his staff and to De. Timothy L. Casserly for assistanes.
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A systematic review of the resulls of various serological tests in differ-
ent. trypencsomiases has been given by the senior auwthor (1929) and
need not be repeated here,  1f will suffice to point out that complement
fixation has assumed an outstanding usefulness in the case of dourine
and that other serologieal tests, in particular, agglutinin and precipitin
fests, appear promising from preliminary work and may well be perfected,
As far as we are aware, none of these Lesis have been applied specifically
to the Panamanian trypanosomissiz of horses and mules,

Binee the publication of the review referred to in the preceding para-
graph, two interesting fests have been developed, o specific serological
teet and a non-gpecific Aoceulation test,

The specific serologieal test grew oul of Rieckenberg's (1817) blood
platelet adhesion teet,  In 1928 Leupold noted an adhesion bhefween the
trypanosomes and red blood cells in gome of her blood platelet tesis,
In 1930 Dulke presented an account of this test in preliminary form and
in the same year Duke and Walluee (19300 investigated the phenomenon
both from the standpoint of its value in diagnosis and its mechanizm.
Working with T, rhodesiense, 1. gambiense and several allied strains, they
concluded that the adhesion phenomenon occeurs and may persizt [or
more than two years in infected animals, but is so irregular and uncer-
tain in its appearance that & single or even & number of negative obser-
vations do not excelude trypanosomiasis, while a positive reactionindicates
recent or actual infection with o trypanczome of the same group (not
necessarily of the same speeies); that the test may be positive aller the
immediate lrealment with drugs, but beeomes negative in the course of a
few months and that the mechanism is in some way associnted with the
red cells of primates,  The test as used by these investizators involves the
addilion of one drop of a trypanosome suspension to one drop of equal
parts of blood and 2 per cent sodium eitrate,  1f the blood comes from
an infected animal, red blood eells (also, cceasionally, blood platelets)
adhere to the trypancsomes within ten or fifteen minutes,  In 1831, Wal-
Inee and Wormall coneluded that, in addition o the antibody-like con-
slituent, the red cells of primaetles and a complement-like component wore
neeeszary in the adhesion test when one is testing for T%, rhodesiense and
T gambienae,

The non-gpeecific tost is the merenrie ehloride foceulation test of Ben-
nett and Kenny (1928),  These investigators, in working with trypano-
somiasiz of camels (T, soudonense), found that when one drop of serum
was added to 1 ee of a 1:20,000 dilution of mercuric chloride a pro-
nounced opacity oecurred if the serum originated from infeeted animals,
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whereas no change took place if it came from normal animals.  Ordi-
narily, readings were made fifteen minutes after the addition of the serum
to the mercuric chloride solution, but readings of an hour or more were
approximately identical. Their preliminary results indieated that the
majority of infected animals could be deteeted a fortnight after infeetion.
In any cage, the test seemed quite superior to the formol gel reaction,
Bennett (1929) and Horgan and Bennett {1929) eonfirmed the delicacy of
the mereuric chlovide test and the latter investigators concluded that
the mechanism of the positive reaction was referable io a relative and
absoluie increase of the serum-puglobulin, - Wilson (1930), working with
T, rhodesiense in man, concluded that the test was not specific but was
valuable when strongly positive (3+ in 1:20,000 dilution in fifteen to
twenty minutes) or when moderately positive if the patient exhibited
clinical signs and svmptoms of sleeping sickness or came from a slesping
sickness area.  After several treatments with Bayer 208 or tryparsam-
ide the test became negative.

MATERIAL AND METHODE

Complement fixation tests were not carried out by us. Samples of
blood which in most cases were taken at the same time as the ones used
in this paper were carbolized to 0.5 per cent and forwarded in refrigera-
tion to the Bureau of Animal Industry and the Army Medical Center of
Washington, I, ©.  These specimens were then tested by Drs. J. R,
Mohler or J. 8. Buckley (series B and D) and Major R, A, Kelser (series
A and C) respeetively.  Both laboratories used antigens prepared from
T eguerperduwm and T, keppdcum and their results were quite similar
although a few diserepancies oeeurrad.  Through the kindness of Dy
IT, C. Clark, for whom these testz were run, we have been able to use
their findings (see Clark, Casserly and Gladish (1933).

Precipitin tests were earried out with agueous antizgens prepared by
the method of Watson (1920) from (1) a strain of T hippicum originally
isolated by D, Clark from an animal aflicted with the Panamanian dis-
ease and (2) a strain of 7', equiperdum furnished by the Department of
Agriculture. In accordance with this procedure, frypanosomes from
rats, sacrificed at the height of their infeelions, were separated as far
as possible from red blood cells and serum by suceessive centrifugations,
were killed and preserved in twice their volume of a preserving fuid
consisting of 90 parts 0.85 per cent WaCl, 10 parts pure neutral glycerine
and one-tenth part formalin. The largest batehes of antigens were
prepared in Chicago and were shipped to Panama, but afew were prepared
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in Panama from an infected rhesus monkey or guinea pigs. The T,
equiperduin antigens were as a rule obtained from rats with heavier
infections and henee, as will be seen later, were stronger and more
eflicient. All, however, gave cssentially similar resulis and retained
their antigenie power for at least three months,  Aleoholie antigens wers
also used, but were not found to be as satisfactory as the aqueous ones.
They were prepared by adding to the isolated trypancsomes, obtained
a3 deseribed above, an equal quaniity of absolule slechol,

The ring test with small tubes of 4 mm, bore was used.  Approximately
0.1 ee. of serum was earefully overlaid with an equal amount of antigen
or control solution, and after an hour at room temperature the tubes
were examined [or o ring of precipitate at the junction of the two liquids.
In general, each test consisted of 3 tubes in esch of which was pipetted
ihe same amount of the same serum and in the first and second of which
was overlaid the undiluted and 1:5 aniipen, respectively, and in the
third of which was overlaid the diluent eontral, i.e., the solution, which
was mixed with the lrypanosomes to malke the antigen,

In the blood adhesion test, the technic of Duke and Wallaee was es-
sentiallyused. When blood was taken from the horses or mules, approxi-
mately 1 ec. was placed before elotting in a vial containing 1 ee. of 2 per
cent sodium ecitrate. This mixture was brought to the laboratory and
lested within a few hours. The test was carried oul by mixing a drop
of citrated blood with a similar eilrated blood mixture from a guinea pig
infected with T° hippicum, on a microscopie slide, and after ten minutes
obzerving 100 trypancsomes to aseertain whether any of them showed
blood eells adhering to them. Ten per cent or more of trypancsomes
with adhering red blood cells constituted a positive tesi.  In some cases
a ftrypancsome may have had one red cell adhered to it, in other cases it
may have been covered with red eells giving the appearance which Duke
and Wallace termed caddis forms.  All of these, without distinetion,
were considered adhesion forms.  We found, as did Duke and Wallace,
that the final mixture should contain only a few trypanosomes per micro-
seopie field.  If too many trypancsomes were present, the individual
organisms were diffieult to study and if too few were present, the tests
consumed too much fime.

Mereurie chloride tests were earried out zccording to the method of
Bennett and his co-workers.  For comparative purposes we used four
Wassermann tubes, the first three eontaining mereuric chloride in dilu-
tions of 1:15000, 1:20,000 and 1:25,000, respectively, and the fourth
containing distilled water.  In general wefound that the only significant
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results were obtained in the second and third tubes, The tube contain-
ing the 1:15,000 dilution tended to foceulate with many serums and the
tube containing distilled water floceulated only with those serums which
were slrongly reactive,

Wassermann tests with the Noguchi modification were performed at
the laboratory of the Board of Health i the Canal Zone under the di-
rection of Dir. L. I, Bates.  Two units each of amboceptor and comple-
ment were used in each tube,  To test each serum, two anligens, onc-half
saturated with cholesterin, were used,

THE TUNTIEATED HERD

The untreated herd consisted of 101 mules and 2 horses owned
by the Standard Fruit and Steamship Company and loeated on
their Escobal Farm on the wesi bank of Gatun Lake in the Canal
Zone, (An extra infeeted untreated mule from another souree is
included in some of the tests.) The infection was not present in
August, 1930, according to thick bleod film surveys, but had made
its uppearance by April, 1931.  On April 20, 1931, 38 blood sam-
ples were collected for precipitin, adhesion and mercurie chloride
tests, and thick blood films for examination were made from the
whole herd.  On May 4, 1931, 102 blood samples were colleeted for
preeipitin, eomplement fixation, adhesion, mereurie chloride and
Wassermann tests and for thick blood film examinations, Addi-
tional blood film examinations for trypanosomes were made from
all the horses on May 4, 11 and 13, 1931, The trypanosomes were
very scarce.  In fact, in 8 of the 16 infected animals, trypano-
somes were only encountered on one day and then in very small
mimbers. In the balance of the infected animals they were
never found in more than three examinations.

Complement fixation tests on the unireated herd

The results of the complement fixation tests are considered first
because this test has been by far the most widely used in the diag-
nosis of other equine trypanosomiases and is very generally relied
upon in the diagnosis of dourine.

In the untreated herd at Esecobal four series of tests were earried
out on the serums collected May 4, 1931, with 7. equiperdum and
. hippicum antigens. The different series are so similar that
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they do not need to be considered in detail (table 1). Series A
whieh contained one positive serum not included in the other series
was performed with a T. kippicum antigen. Aside from 3 serums
from negative animals, which were anticomplementary, serums
from 15 known infeeted animals gave 14 positive (13 ++ 4+ + and
1+ ++) and one negative reaction and serums from 84 animals
negative in thick film gave 79 negative and 5 positive reactions
(2+++ 4,1+ ++ and 24}, Ttis, of course, doubtful whether
the two single plus reaciions should really be considered positive.
Tn ecomparing the various series, it is interesting to note that the
serum from the one known infected horse giving a negative test
was the same one which was negative in all the other series, I'ur-
thermore, of the serums {rom the 5 mules showing no trypanosomes

TABLE 1
Correlation belween thick film eraminations jor T. hippicum and § series af
conpplement jiration tesls on the same serums collealed May, 1831, from the
prdreoted herd

TRY= COMPLEMENT FIXATION TEETS

::Eg.; :I".. K frpannin unti.;.:un. | BE : 7' eqwigrerdicm J'l.1:t'i|;\c::|.‘

TEICE At 99 gerums B 100 soroms . (2 08 serurns | Dr: 106 saruma

‘ﬂw 1 |0+ |14 Po || El-| 14 _"_FL:“_"'__l'_._| -5_| | 24 |1+ | 0
+ {11 1 {1z |4 riaz| | 1|13 ik
£ *2113?9|12‘231‘2‘L|1 o 1| 1|38

in their blood, which gave various degrees of positiveness for com-
plement fixation, the following is true: of the 2 giving 4+ reactions
one was uniformly 44 in all series and the other was 4 + in
series O but negative in series B and D; the one giving a 3 + reac-
tion was 2+ in series C and 1+ in series B and D; and of the two
giving a + reaction, one was uniformly negative in the other
ihree series and one was 14 in one other series and 2+ in two. In
addition, one serum from a mule negative in thick film was 2 in
series B, was 14 in series D, and — in series A and C.

Precipitin fests on the unireated herd

The most promising specific serological test, aside from the
complement fixation test, was the precipitin reaction with agueous
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antigeng, The aleoholic antigens, as used in the ring test, gave so
few strongly positive reactions that they need not he considered
further. This lack of reactivity is probably connected with the
dilution-factor rather than the lack of an alechol-soluble specifie
principle inasmuch as the test antigen had to be diluted 1:10 with
saline in order that no coagulation of the serum would oceur at the
junction of the two liquids.

The results of tests on the serums from 102 animals are given in
table 2. With the eguiperdum antigen, 15 serums from known
infected animals gave 15 positive (94++++, 3+ -+ 4 and 3+ +)
reactions and 87 serums from animals in whose blood trypanosomes
were not found gave 20 positive (1+ 4+ ++, 64+ and 134)
and 67 negative reactions. With the hippicuwm antigen, on the

TABLE 2
Cerrelation hetween fhick film soaminalions for T, Mppicem and 2 series of precipdtin
(rivg) Lewis om the same serwms collected My, [631, from the wntreated herd

FRECTFITIN TESTS
:]l;:::w:; T. Mppicim dgueaus n.r!tigon | T, egwiperdumn I.I.'.",,l..lmﬂ.."-\.-fﬂrsg\ﬁﬂ
THICE FILM 2 gerums | 105 s orins
4} | 44 2 I+ q 0 ) 44 | gL | 2+ | 1+ | Il
—= T —]
+ i | 4 4 | 0 4 3 :
- | 1 15 | Tl ‘ 1 1] 13 | 67
1 1

other hand, there were neither as many strongly positive reactions
nor quite as good & correspondence with infeetion and non-infection
(table 2), In both series, the 14+ reaction, which shows a very
weakly discernible ring, should probably be considered negative.
The superiority of the T. eguiperdwm antigen is probably an ex-
pression of antigen-strength since, as stated in Materials and
Methods, there were more trypanosomes in the equiperdum than
in the heppicum antigen. Then, too, the group reaction between
the two trypanosomes is very frequent.

Tests on zome of the animals fourteen days previously, gave
similar results. Thus, serums from 9 positive animals gave
2+ + ++,34+++, 2+ + and 2+ reactions with the T. hippicum
antigen and 2+ + 44, 3+ ++ and 44+ reactions with the
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T equiperdwm antigen while serums from 25 animals in whose
blood trypancsomes were not found elicited 64 and 19— reac-
tions with the 1. hippicum antigen and 14+, 6+ and 18 — reae-
tions with the 7. equiperdum antigen. Twelve of the negative
serums, however, when tested with the eguiperdum antigen were
cloudy and difficult to read.

Adhesion tesls on the unfreated herd

Two series of adhesion tests were performed on the Escobal
herd, the first on 37 animals and the second on the whole herd and
one additional infeeted mule from another herd.  Although there
are a few discrepancies, the tests correspond fairly well.  In the

TABLE 3
Corretation botween thick flm examinations for T, kippleum and adheston lesls on
2 botekes of serums eollected Morch ond Wy, 1831, respectively, from the
wntreated herd

| ATHERION TESTS SEGWIHG TER CENT OF ADEEIION

TEYFAMD=

BOMES 1N BT serums 104 serums
TIHIE FILY | ——— - ey o S —
100-71 | Ti-41 ' 10 ] 1071 [ i-4i | 4A0-10 @
+ 2 | 5 1 2 | 3 1 | 9
— | 1 1 25 I | 14 7

smaller series, serums from 10 known infected animals gave 3
positive, i.e., 10 per cent or more adhesion forms, and 2 negative
reactions and from 27 animals in which trypanosomes had not been
found gave 2 positive and 25 negative reactions {table 3). In the
second and larger series serums from all of the 16 known infected
animals gave positive tests, whercas serums from 88 animals with
negative thick blood films gave 11 positive and 77 negative reac-
tions, Interestingly enough the serum from one animal (no. 10],
whose thick blood film was negative, was positive not only in all
4 series of the complement fixation and in one of the precipitin
tests, but also in both adhesion tests, giving 60 per cent adhesion
in one series and 40 per cent in the other. The 2 known infected
arimals which gave negative tests in the first series (3 and 8 per
cent) gave positive tests in the second series (28 and 16 per cent).
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Mercurie chloride tests on (he unfreated herd

The simplicity of performing this test intensified our interest
in it.  Aecordingly, a great deal of work was done in trving to
standardize it. Readings of the 4 tubes containing 1:15,000,
1:20,000 and 1:25,000 dilutions of mereurie chloride and distilled
water, respectively, were made immediately, and one and 3 hours
(and in a few easzes eighteen hours) after the drop of serum had
been added to each of the tubes. TFurthermore, tests on 76 serums
were carried out immediately after collection and at the expiration
of one and six days; on 41 serums with fresh and old distilled
water;on 5 serums with fresh and old solutions of mercuric echloride:
on 4 serums eontaining in each series many, few or no red blood
cells; and on 6 serums using varving sized drops of serum. The
conclugions reached when the results of these various tests were
analyzed are as follows: Positive serums collected within twenty-
four to thirtysix hours are reactive, but gradually tend to
become less so. The immediate and three-hour readings appear
to be better than the one hour reading. This is probably due to
the fact that the criteria in reading the immediate and the 3-hour
reading depend on different aspects of the change taking place
in the tubes of which the one-hour reading is intermediate, and
therefore, difficult to evaluate. Since the immediate reading is
the simplest to use in practice, we selected it in reporting the fol-
lowing data except where specifically denoted otherwise. It
should be pointed out, however, that at the end of three hours the
precipitate is fully formed and seitled and its volume easier to
determine. Ireshly distilled water appears to he somewhat su-
perior to old distilled water. A 1:100 dilution of mereuric
chloride does not seem to deteriorate upon standing one month.
It is better to make up the 1:15,000, 1:20,000 and 1:25,000 dilu-
tions for the actual tests in about 150 ce. of distilled water to rule
out irregularities as far as possible.  Any red blood cells in the
serum cause markedly more precipitation. A free running drop
from a pipet with an aperture at its tip measuring approximately
0.5 mm. is sufficient to cause the precipitate to form, and, on the
other hand, excessive amounts tend to inhibit the formation of the
preeipitate,
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The procedurs for reading the tests was somewhat as follows:
Upon the addition of the drop of serum, each tube was shaken and
the amount of cloudiness and precipitate noted. All fubes were
then left undisturbed for one hour and again read; after the reading
they were shaken. At the end of three hours, they were read
without shaking and then ordinarily discarded.

The eriteria for determining positiveness depended upon a
precipitate in the tube, but the amount depended upon the time
of the reading,  Thus, a strongly positive reaction at the immedi-
ate reading showed a slight flaky precipitate causing eloudiness
whereas at the three-hour reading it showed a decided precipitate
which, after setiling, oecupied half the wolume of the liquid.
A weakly positive reaction { +) at the immediate reading showed a

TABLE 4

Correlalion between Pick film examinations for T hippicwm and the mercurts chlo-
ride test on 3 balches of serums collecled March and May, 1931, respeciively,
from the unirealed ferd

MERLTEIC CHLORITE TESTH

e TR T — B
R FLY Has 104 seriaens
THICK FILM - )
css g | = - 1+ | =
& 2 4 1 l w2
i

distinet precipitate causing cloudiness of the liquid, at the one-
hour reading it showed a noticeable cloudiness of the liquid with
some slight settling out of the precipitate, whereas at the three-
hour reading it showed a preeipitate which had settled out and at
least covered the bottom of the tube, Intermediate grades were
aleo encountered. The difference in amount of preecipitate is
clearly brought out by the following readings. In a test on
April 21 of 10 positive serums collected April 20, the immediate
reading gave 5+ +, 4+ and 1— readings, whereas the three-
hour reading gave 9+ + + and 1 — readings. A negative test, on
the other hand, might show a slight cloudiness at the immediate
reading which became more intense as time went on, but it never
showed an appreciable amount of precipitate and only a little,
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if any, seftled out by the end of 3 hours. Distinetly negative reac-
tions with no change whatever upon the addition of the serom
constantly oceurred. Intermediate grades showed a slight opal-
EECETLCE.

Tests were made on two batehes of serums not more than thirty-
six hours old, of 37 and 104 serums, respectively. In the first
series, of 10 serums from positively infected mules, 9 (54 4 and
4+-) were positive and 1 negative and of 27 serums from mules
not found infeeted 2 (144 and 14) were positive and 25 were
negative. In the second series, of 16 serums from positively in-
fected mules, 14 (4} were positive and 2 were negative and of 88
serums from animals not found infected, 23 (1++ and 224
were positive and 65 were negative.  The first set of tests shows
& very good correspondence between positiveness and infection,
but the second is rather poor (table 4),

Wassermann tests on the unireated herd

Of the 103 Wassermann tests carried out on the serums eol-
lected in May from all of the members of this herd whether in-
fected or uninfected, 102 were negative and only one was positive
(++). Other tests on the one positive serum, which came from
an animal found infected with many trypanosomes on April 20 and
a smaller number on May 4, were as follows: Clomplement Axa-
tion 44 in all series; precipitin 1+ and 24 with 7. hippicum
and T. equiperdum antigens, respectively; adhesion + (16 per
cent) and mercuric chloride 4.

Infections other thon trypanocsomiasis in the untrealed herd

In this herd, there was 1 animal in whose blood both trypano-
somes and piroplasms were found and 6 animals uninfected with
trypanosomes but in 5 of which piroplasms were found and in one
of which microfilaria were found. These infeetions did not inter-
fere with the specific tests nor did there seem to be more positive
reactions with the non-specific mercuric chloride test than were
recorded ordinarily, as may be seen by an examination of table 5.
Thus, the multiple tests performed on the 2 bleedin gs of the animal
which was infected with both trypanosomes and piroplasms were
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strongly positive in all three of the specific tests and gave 24 4 and
2+ reactions in the mercuric chloride test, whereas the serums of
the animals found infected with either piroplasms or filaria, but un-
infected with trypanogsomes, were all nepative in the ecomplement
fixation and adhesion tests, showed 1 weakly positive and 15 nega-
tive precipitin reactions and 5 weakly positive and 12 negative
mereuric chloride tests. The data are consistent in showing that
these extraneous infections, provided there be no trypancsome-
infection present, do not eause the serums to react positively,
and therefore, do not interfere with the tests in their applieability
to deteet trypanosomiasis.

TABLE &
Results of mulliple serological fesfs for frypenosomiasis on £ balehes of serums
collected Marek and May, 1931, from ssven animals of he wanlreated herd in
whose blood etiher piroplasms or flaria were found

TE&TH
Coampleoment Mereurie
THICE FITA fatinn Precipitin | Adleaion | clilacide
2% bests oo T M) tests on § sornma 10 bosbs a7 i 21 tegla on T
HETWME AOrLms i HisFLLH
Try= Pira- 1 [
panc- | plasm | 44 l = i+ | 34 - - + = +-& I
EOTICS o |
filnrin | |
= 3 it } = B e
+ | + 4 1| & | 2{60%5) 2 | 2
P 24 1| 15 | & 5 |12

Correlation of all of the sevological lests on the unireated herd

Sinee complement fixation, precipitin, adhesion and mercuric
chloride tests were carried out on 103 serums obtained at the same
time in May, 1931, they have been correlated in table 6. In
tabulating these data, 4, 3 and 2 plus reactions were considered
positive and 1 plug and — were considered negative in the
complement fixation and precipitin tests, and all grades of 1
plus or above and of 10 per cent or sbove were considered
positive in the mercurie chloride and adhesion tests, vespectively.
The most interesting facts about this table are: that 12 of the 15
serums from animals in which trypanocsomes were found were
positive in all four tests and that the other 3 were positive
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in three of the tests (2 were negative with the mereuric chloride
and 1 with the complement fixation); and that of the 88 serums
from animals negative in thick film 1 was positive in all four
tests, 4 were positive in two fests, 30 were positive in one test
and 53 were negative in all four tests. Although complement
fixation tests were not carried out on the serums collected in
March, the data on the three other tests are completely in aceord
with the data just given in that the serums from known infected
animals were more prone to be positive in all of the tests and
the serums from animals supposedly free of trypancsomes were
prone to be negative in all of the tests.

TABLE 6

Correlolion belween the hick film ezaminations for T, kppicum and all of the feats
performed on serwms collected Moy, 1931, from the untrecied ferd

TESTS—10 SERIME

Enm'p]wmnnt fixntion,...] —+ + - = - o= o ey - = - =
Praolpitin, o i veasian |- + o s - - L Hig A 2
Adbeston... ... + e = | = S = L - | + o
Mepoarie ehlprida. ... ... + - | + o} - - ] = =
| CRYPANOSOMES 1M N |
THICE FILLM 1
+ 12 2 1 |
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THE TREEATED HELRD

The treated herd consisted of 105 horses and 17 mules or burros
of the stock breeding farm of the Panama Canal at Miraflores
situated on the west side of Miraflores Lake in the Canal Zone.
The infeetion was first discovered by Dr. H. C. Clark in December,
1929, and has been closely followed by him since then. Monthly
examinations by the thick film method were made of all the herd,
and oeccasionally, more fregquent examinations were made on
certain animals showing eclinical symptoms. Thus, in March
1831, 101 of the animals had been examined from 18 to 21 times,
and the balance from 5 to 16. The small number of examinations
denoted the arrival of newly born animals in the herd. Further-
more, on January 27, 1931, a guinea pig was inoculated with blood
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from each animal which had previously been found infected with
the rezult that only one animal (No. 88) was found still infected.
Aside from this animal, none had been found positive since Octo-
ber, 1930, and the great majority had not been found positive
since April. In faet, 19 of the 35 infected animals responded so
immediately to treatment that trypanosomes were not found in
their blood after January, 1930,

The herd was 2o valuable that the following treatments were
given by Dr. T, L. Casserly: All members of the herd were treated
intravenously with Bayer 2056 on January 9, 1930, in doszes of 4
grams for mature animals and 2 grams for colts and small animals;
with tryparsamide, on January 16, 1930, in 5-gram doses; and with
Bayer 205, on January 23, 1930, in doses averaging 3 grams for
mature animals and 1.5 grams for eolts and small animals.  For
the next two months individual animals were given additional
doses if they showed clinical symptoms or positive blood films.
The entire herd was again treated in April, 1930, and thereafter a
few animals were given subsequent treatments.

A brief summary of the blood examinations diseloses that of the
35 animals found infected, 19 showed trypanosomes in January,
1930, 11 in April, 1930, 4 in October, 1930, and 1 in January,
10921, whereas 87 never showed trypanosomes in their blood. In
8 of those which showed trypancsomes in their blood later than
January, 1930, trypanosomes had been found previously, but in
the balance they were discovered for the first time.

On May 11, 1931, the whole herd of 122 animals was bled for
precipitin, adhesion, mercuric chloride tests and for blood exami-
nations and on May 25, 41 were bled again for a second mercuric
chloride test. On January 27, 1931, the herd was bled for two
independent complement fixation tests and on March 11, 21 of the
herd were re-bled and retested. Thus, the gerums for the com-
plement fixation tests were not collected from this herd at the
same time as were those for the other tests, but they are fairly
comparable since the animals had been treated for such a long time
and sinee the majority of animals had not had trypanocsomes in
in their bleod for from five to ten months.
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Complement fizalion testz on the treated herd

The two series of independent complement fixation {ests on
gerums collected in January, 1931, showed no correspondence with
previous infection in this treated herd (table 7). Thus, serums from
34 animals previously infected gave 1 (44-) positive and 33 nega-
tive reactions. These results might be explained on the basis
that the animals had been cured by previous treatment. The
disturbing oceurrenee seemed to be that serum from the one
animal (no. 88) still showing {rypanosomes in its blood was nega-
tive in both tests. Therefore, 22 of the animals whose serums
showed eertain discordenees in the two series of tests or were of
interest for other reasons were retested in two series in March.
The results of these retests showed that 12 of the serums were

TABLE 7
Correlation belween thick fin coaminations for T, Mppicum and 2 series of conple=
ment frolion lests on the same serwms oollected Januwary, 1031,
from the treated herd

TRYTARG= COMPLEMENT FINATION TESTE—T. Mppicim AXTIOEN
BOMES FRE- —
WIGLIBLY 1M A LE aerums 18 121 serwns
THICK FILA S - —
i+ - | - a 41 B 1 [+
-+ 1 4 4 1 3 il
- 5 2 | 80 i 3 | 8
| i

consistent with the previous tests.  The other 10 were remarkably
warighle.  Thus, from previously positive animals, serum 46 gave
+, —, 44 and — in the 4 series, serums 30 and 88 were cssentially
negative in the first two series and 4 + in the last two series and
among those animals never found infected serum 139 was 1+ in the
firat series and 44 in the other three, serum 156 was 14, —, 4+
and — in the four series and both serums 162 and 163 were 1+, =+,
4+ and 4+ in the four series, respectively. In the face of these
results it is interesting to note that at least some of the serums
when eollected at the same time tended to give the same results
in the independent tests—thereby showing that the variable be-
havior was inherent in the serums themselves and not a fault of
the technie. Thus, aside from the serums consistent throughout,
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serums 20, from among the previously positive animals, and 85,
from the one animal still infected in January, were essentially
negaiive by both tests when eolleeted in January and 4+ by both
tests when collected in March and serums 162 and 163 from sup-
posedly uninfected animals were + and 2= when collected in
January and 4+ when collected in March.

Preciprifin fesls on the treated herd

Precipitin tests were carried out with an aqueous antigen of
T, hippicum on 80 animals, 34 of which had been previously in-
fected. The results, which may be found in table 8, show just
about the same lack of reactivity as was recorded in the comple-
ment fixation tests of January. There were no strong reactions

TAELE &

Correlation between Uick filn esaminations for T, kippioun and the prosipiiin lesis
o serums collecled May, 1887, from the frealed hevd

TRYPANGEDMES FRE~ FPRECIFITIN TESTA—T. HMIFFoOM AQUEOUSE ANTIGEN—ED eenoas
VIOUELY IN TRICE FILM =
2+ | & | (i
+ 1 I 32
= 1 43

and the majority were [rankly negative. Parenthetically, it
may be noted that the test on No. 88, which was found infeeted
in January, was negative,

Adhesion lesls on the freated herd

In the adhesion test serums from 122 animals of this herd were
all negative with the exception of two serums from previously
infected horses and one from a supposedly uninfected animal,
These showed 16, 17, and 59 per cent of adhesion forms, respec-
tively. The test of No. 88 was negative.

Mercuric chloride tesis on the treated herd

There were so many pogitive—and even strongly positive
mercuric chloride tests with serums from 122 animals of this herd
that the same serums were retested and two weels later 41 fresh
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serums were obtained and tested twice. As may be seen by an
examination of two of these series in table 9, the serums appeared
quite liable to precipitate with the mercurie chloride. Thus, in
the first series, of the 35 serums from animals previously infected,
16 were positive (444 and 12+) and 19 negative and of the 87
{rom uninfected animals, 58 were positive (27 4+ + and 314) and
20 were negative. Similarly, in the second series, of the 9 serums

TABLE @
Correlation belween fhick film exemdnotions for T\ Mppicwn and the mercuric chla-
rede feats on @ bolokes of servwms eollected May 11 and 25, 1931, from the
Lraated hord

TRYTAMG- | ; B MeERcuURic CHLORIRE TESTH )
i‘?;;;[.;n:}; | L5z peruons I : - AL serums
THIE FlLA | R R | + ' £y ! ++ i | =
| |
+ 4 12 1w 1 1 7
- | 27 a1 0 ‘ 10 1 12
TABLE 10

Correlation belween the thick film exomination for T Mppleum and all of fhe fests
perforsed on serums collected in Jonuary and May, 1831, from the
treated herd

Compleoeeat Bxation. ...

Precipiin. ...l - [ & far = i | =
Adbesion, o cee i + | - - - = =
Merenrio chloside, .0 + + it - A =
TRYFPAROSDMES PILE- |
VIOODBLY IN THICE FILM |
. 2 | 1 1 13 16
- - 3 | | 18 22
|
1

from animals previously infected, 2 were positive (144 and 1+)
and 7 negative and of the 32 serums from probably uninfected
animals, 20 were positive (10 + + and 104) and 12 were negative.

Correlation of all of the tests on the freafed herd

In striking contrast to the correlation between infeetion and
positiveness for all of the four tests of interest in this paper in the
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untreated herd, is the lack of such correlation in the treated herd.
Thus, none of the scrums whether from formerly positive or sup-
posedly negative animals was positive in all or even in three of
the tests and only 6 of the serums were positive for two tests,
(table 10). Furthermore, as a rule, the complement fixation,
precipitin and adhesion tests tended to be negative, whereas the
mercuric chloride test tended to be positive. Thus, as may be
geen in table 10, 37 of the 39 serums which were posilive in some
test were positive in the mereurie chloride test, whereaz only
1, 5 and 2 serums were positive in the complement fixalion, pre-
cipitin and adhesion tests, respectively. Moreover, even though
the mercurie chloride test showed more positive reactions, it did
not seem to eorrespond with previous infeetion, sinee of the 33
serums from formerly infected animals, 15 or 45 per cent were pos-
itive, whereas of the 44 from animalzs never found infected, 22 or 50
per cent were positive.

DIBCURSION

The most outstanding difference in the results of the two fore-
going series of tests is the excellent correlation between infection
and the serological tests in the untreated herd and the poor corre-
spondence in the treated herd.  The fact that the untreated herd
consisted largely of mules and the treated herd of horses does not,
seem to be of importance beeause the mules in the treated herd
showed the same inconsistent results as the horses. The lack of
eorrelation between past infection and serologieal lests in the
treated herd is all the more striking because it applies to all of
the tests. A comprehensive explanation of how treatment eould
enusc such diserepancies is not evident, but mass treatment such
as was given would obviously eause some of the lack of corre-
gpondence.  Thus, an infected animal might be eured, and there-
fore, give a negative serological reaction, or treatment of an animal
Lightly infected might hold down the infection so that it would
never be deteeted but might not prevent a definite serologieal
respOnSe.

In earrying out the adhesion tests, Duke and Wallace (1930}
and Wallace and Wormall (1931) considered the red cells of pri-
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mates as a necessary constituent of the set-up.  We used, however,
equine red cells and obtained results comparable with the other
tests we studied and also with the blood findings. The use of the
equine cells may aceount for the fact that only oceasionally did
we encounter such an extreme adherence of blood cells to the
trypanosomes as Duke and Wallace and Wallace and Wormall
deseribed.  On the other hand, the faet that we ohtained such a
comparable correlation indicates that equine eells are satisfactory
In studying . kinpicum.

SUMMARTY

The data presented give a comparison of complement fixation,
precipitin, red blood cell adhesion and mercurie chloride tests
with thick blood film findings in two herds of horses and mules
some of each of which were infected with 7. heppicum.  One herd
contained 103 animals which were never treated (tables 1 to 6), and
the other eontained 122 animals which were treated (tables 7 to
10).

The untreated herd showed a striking correlation between in-
infection of the animal and positiveness of all the tests. Thus,
in one series of 103 serums where parallel tests were run, of 15
serums from demonstrably infected animals 12 were positive in
all four tests, and the other three were positive in three tests (2
were negative with the mereurie chloride and one with the eom-
plement fixation) and of 88 serums from animals in which trypano-
somes were never found, one waz poesitive in all four tests, four
were positivein fwo lests (1in precipitin and adhesion, 2 in adhesion
and mereurie chlovide and 1 in mereuric chloride and complement
fixation), 30 were positive in one test (1,4, 7 and 18 in complement
fixation, precipitin, adhesion and mereuric chloride, respectively)
and 53 were negative in all four tests (table 6). A few cases of
piroplasm and one case of filaria did not eause pseudo-positive
reactions in any of the tests (table 5. Another series of tests on
approximately one-third of the herd furnished corroborative data.
Wassermann tests on this herd gave 1 (4+4) positive and 102
negative reactions. In general, all of the specific testz (comple-
ment flixation, precipitin and adhesion) on the untreated herd were
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more consistent and reliable (tables 1 to 3) than the non-specific
mercuric chloride test (table 4) while the Wassermann test was
almost completely non-reactive.

The treated herd, on the eontrary, showed no correspondence
between past infection of the animal and reactivity of the test.
Thirty-five of the animals had been positive at some time
within fifteen months, but all had been negative for from three to
eleven months at the time of the tests (with the exception of one
amimal which wag positive at the time the complement fixation
tests were run).  In one series of 77 serums, where all four tests
were run, of 33 serums from formerly infected animals none was
positive in all or even in three of the tests, 2 were positive in two
iests (precipitin and mercurie chloride), 15 were positive in one
test (1 in complement fixation, 1 in adhesion and 13 in mercuric
chloride) and 16 were negative, and of 44 serums from animals in
which trypanosomes were never found, 4 were positive in two
tests (1 in both the adhesion and mercurie chloride and 3 in the
precipitin and mereurie chloride), 18 were positive in the mereurie
chloride alone and 22 were negative in all four tests (table 10).
Additional tests on approximately one-third of the herd furnished
corroborative data.  On the whole, all of the specifie testz (com-
plement fixation, precipitin and adhesion) on the treated herd
tended to be non-reactive (tables 7 and 8) whereas the non-specific
mercuric chloride test tended to be reactive (table 9), but in
neither group could the reactivity or lack of reaectivity be corre-
lated with past infection.
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