PVIL - .

- ,{';;;______A._,._ S

I COLLECTED 'STUDIES ON THE INSECT TRANSMISSION OF TRYPANOSOMA
EVANSI,

By M. Bruin MITZMA.IN,_ Technical Assistant, United States Public Health Service,

1. THE RELATION OF TABANUS STRIATUS TO SURRA st-
_ SEMINATION, |

| 'C‘erta,in species of the Tabanidae have been associated with animal
trypanosome transmission in the literature whenever the question

 of an invertebrate host has been considered. These flies have been

connected with the direct method of conveyance in several experi-
mental investigations and the latter will be reviewed as follows:
‘Rogers (1901) experimenting with surra in India used horseflies

“ ~ (species not given) which were caught and kept for varying periods

of time after being allowed to bite and suck the blood of an animal
which was suffering from surra, and whose blood afi the time contained
the Trypanosoma evansi in 1arge numbers. They were subsequently
allowed to bite healthy dogs and rabbits. :

 In every case in which the flies had been kept from one to four
or more days after biting the infected animals, no disease ensued.

“When, however, flies which had just sucked infected blood were im-

mediately allowed to bite another healthy animal positive results

‘were obtained after an incubation corresponding with that of the

disease produced when a minimum dose ofinfected blood is inoculated
into an animal of the same species. The result was uncertain if only
one or two flies were allowed to bite and especially if they were
allowed to suck as much blood as they wished without being dis- -
turbed, If on the other hand several flies which just sucked. an
infected animal were induced to bite a healthy one and especially if

‘they were disturbed and allowed to bite agdin several times infection

was always readily produced in both rabbits and dogs. . -
Inan experlment described as an example of the method employed,
Rogers succeeded in transferring the disease trom dog to dog through

‘the biting of 12 horseflies.

Fraser and Symonds (1908) in a study of surra transmission in
the Federated Malay States were able to transfer the infection from

- horses and bulls to the horse, dog, and rabbit in the mechanical

method of biting. A single ﬁy'was found to be able to convey the

" disease. The species used in their experiments were Tabanus
- minamus, T. partitus, T. vagus, and T. fumifer.
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" Tlies infected 24 hours produced surra by inoculation into suscepti-
ble animals, but all attempts from 1 to 10 days proved negative.
Bd. and Et. Sergent (1905) (1906) in two papers discuss their
experiments in the transmission of nagana, dourine, and zousfana,
trypanosomiases encountered in Algeria. |

They succeeded in transmitting all three diseases by means of

tabanids, Atylotus tomentus and A. memoralis. They investigated -

especially the dromedary trypanosomiases, el-debab. and zousfana and
concluded that tabanids could transmit these diseases by immediately
successive bites. In their field observations they noticed that when

‘several dromedaries were neighbors the flies bite first one and then -

another without interval of repose, precipitating themselves upon
the animals in a swarm but rarely succeed in sucking blood at the
first attempt until a fatigued or less attentive animal no longer
repulses them—‘So many successive bites so many lancet stabs.”
The experimental data presented demonstrated that it was possible
to convey the trypanosomes from mouse to mouse with a single
tabanid at a single thrust of its lancets when there was no interval
between the bites, but when intervals of 15 minutes to 70 minutes

were permitted to elapse infection by ‘‘stabbing” could not be carried..

~ The Sergents also demonstrated mechanical transmission from rat to

rat and from rat to mouse by means of the biting of two to éight
flies. Also that six to eight tabanids could convey infection through
their bites at an interval of 22 hours. After 24 hours no infection

resulted and the flies did not harbor trypanosomes in their intestinal

tracts. ) - |
Bruce and his collaborators (1910) working with Tabanus secedens,
- T. fuscomarginatus, and 1. thoracinus and an African cattle trypan-
osomiasis ( Trypanosoma pecorwm) found that these tabanids appeared

to be unable experimentally to transmit trypanosomes by the mechani- -

cal method of transmission. They could not state whether the flies

could convey the disease after a period of development of the trypan-

osome. Direct application upon monkeys of flies from small cages
proved unsatisfactory; therefore, in the hope that Tabanidae would

live longer and feed more readily, a fly-proof kraal was constructed

in the natural haunts of the fly. | -

In this experiment a calf was exposed to the bites of flies in a
- compartment, shared by the infected calf. A healthy control calf
was placed in another compartment. The wild flies used did not live
* more than three to.four days in spite of the presence of running water,
~ shrubs and foliage in the fly compartment. The experiment was

declared negative. | - B

Leese (1911) conducted a series of experiments ‘with Tabanidae
to demonstrate the role of biting diptera in the transmission of surra
under natural conditions in India. He succeeded in conveying
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Tr'ypam,osoma evansi with flies -(Tabanus and Haematopota) removed
from surra~infected camels in the open to & gumea pig and a white rat.
Ten specimens of Haematopota and four specimens of two species of
Tabanus were used in the direct mechanical method.

Tn another paper, Leese (1912), reviewing his experiments incrimi-

the theory of a life cycle of development for T'r. evansi in an inver-
tebrate host is not tenable except by analogy. -

‘Baldrey (1911) in an experimental investigation of the réle of
tabanids and other flies in surra conveyance, attempted to account for

'trypanosome development by feeding infected flies upon healthy

guinea p1gs and horses for 18 consecutive days. No infection resulted

| nating Tabanidae, concludes that in the case of surra the mechanical
theory of transmission remains a perfectly satisfactory one, and that

either in the direct method or otherwise. Dissected flies within 24

hours after infection when injected into a guinea pig and a pony
produced the disease with fatal results. The author shows that

Tabanus flies feed only once in five days, so that the only method of

direct infection would be where a fly is disturbed in feeding and
immediately attacks another animal.-

Strong circumstantial - evidence mommmabmg ta,bamds in surra -
dissemination is gwen by Mohler and Thompson (1909) in a study of

the disease found in an importation of Indian cattle. They found

only flies found on the island. The authors held. Tabcmus stmatus
responsible for the outbreak,

In a series of experiments aimed to determme to What extent
Tabanus striatus Fabricus, the common house fly of the Philippines,

- that only 3 cases among the infected cattle originated in India and
15 additional cases developed after landing on Simonsons Island off
 New York. = Three species of Tabanus and one of Stomozys were the

was involved as a mechanical carrier of trypanosomes the following -

conclusions were advanced. (P 229, Phil. Jour. Science, Sec. B.,

‘vol. 8, No. 3, 1913.)

-1, Tabcmus striatus Fabricus for the first time recorded has been

found to play a réle in the transmission of surra. Bred horseflies
have been employed for the first time in such experiments. Errors:

resulting from naturally infected wild flies have thus been eliminated.
2. Three experiments were successful in the direct or mechanical

transmission by ‘‘interrupted’’ feeding when only a short interval

was allowed between the bites on infected and healthy animals. In 16
experiments the minimum number of flies Wlth which the infection
could be transmitted was 2. |

3. The maximum length of time that Trypcmosoma evansi has 'been
demonstrated micr oscoplcally in the gut of this species of fly after
feeding on infected blood is 80 hours; the organisms were found in the

fly’s dejecta two and one-half hours after biting the infected animals;
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and suspensions of flies, when injected subcutaneously, were found
:nfective for animals for a period of 10 hours after the flies had fed on
infected blood. - ‘. _

4. Trypanosomes of surra were not found to be transmitted
hereditarily in Tabanus striatus Fabricus.

'One monkey and two horses became infected as the result of the
bites of horseflies used in this series. In analyzing the reason for
such a small percentage of positive results (3 out of 16 attempts)
with the use of animals whose blood was swarming with trypanosomes
at the time of fly biting it was concluded that the feeding methods
employed restricted the normal behavior of the parasites. In every
instance the flies were induced to complete the infective meal upon
the healthy host after a single insertion of its proboscis into the sick
animal. The feeding is differently conducted by this fly in nature,
as it was observed in every instance that a fly required several inser-
tions of its proboscis at short intervals upon different hosts, and
was never permitted by the host to become satiated at a single appli-
cation of the skin-piercing apparatus. -

The experiments in the purely mechanical method were therefore
renewed with attempts to simulate more natural behavior of the
blood-sucking gadfly. The two experiments bearing on this prineiple

resulted successfully, both animals, a horse and a bull, showing undis-

puted evidence of the disease. The latter evidently recovered from
the infection and later proved immune to inoculation of large doses
of blood containing numerous trypanosomes which produced fatal
results in & monkey. The horse proved infectious after an incubation
period of five days, showing a moderate number of trypanosomes then
and many times previous to its death which occurred on the fifty-
second day after the bites were received. o S

TO DETERMINE IF A SINGLE FLY CAN TRANSMIT THE DISEASE.

In previous experiments nine trials with single flies resulted
negatively. Here the fly was permitted to bite infected and healthy
_animals once only. Obviously not sufficient numbers of organisms
were transferred on the probe of the fly to cause infection in this
artificial way. In the present experiment a tabanid was induced to

foed with the maximum number of interruptions upon two hosts -

alternately. Successive applications from a glass tube were made

on surra infected horse and healthy horse. The interval during the -

transfer was only a few seconds, not more than 20 in any instance.
In this manner each animal was bitten at short intervals a fotal of
26 times during 35 minutes by the same fly, which, however, did not
appear abnormally engorged when removed for observation. "The

healthy horse, which was isolated in a screened stall, passed through
~ an incubation period of nine days, when a few typical trypanosomes

N




o3

11

were found in its blood. The animal died 67 .days after the fly
biting was performed. Heart’s blood which contained numerous
trypanosomes was injected into a monkey. The latter died upon

“the eleventh day with trypanosomes swarming in blood taken from

its ear. | | .
 An additional trial with a single fly was made with monkeys as

blood donors. IHere an interval of 15 minutes was permitted be-
tween bites on infected and healthy hosts. The fly made three dis-

 tinct stabs with its proboscis into the skin of both monkeys and

could not be induced to continue,.
Six days after the biting the healthy monkey showed a febrile

‘condition and a moderate number of organisms in its circulation.

Fifteen days later the animal died with swarms of Trypanocsoma
evansiin blood removed from his heart.

TAE QUESTION OF THE LENGTHE OF TIME TABANUS STRIATUS REMAINS
INFEOTIVE. ‘

In all of the experiments in the direct mechanical method pre-
viously reported no provision was made for an interval longer than 1
minute. Consequently the limit of infection in these flies was not
ascertained. This problem was taken up in the present investiga-
tion in an attempt to imitate ag far as practicable the natural pro-
cedure of fly biting in the interrupted method. From the data pre-
sented in the table following, it is learned that 15 minutes is the
maximum time that Tabanas strigtus is able to infect through its
biting. -

TaBLE i.—,—Exp_eriments in the direct method of transmission.

Interval after ngg?gsfojllzll_e Number | Total Healthy - : ‘
bltin%intected feoted hogt | Of flies 1 number animal Fate of animals exposed to Ay bites.
ost. when bitten, | #Pplied. | of bites. exposed,

3 minutes.... ....| Swarming... 7 35 | Horse 335 ... Positive on 9th day; monkey inocu-

o lated; died In 8 days; horse 135,
died in 42 days. Disease also re-
produced in bull No. 38.

. 5 minutes......._| Seanty to | . 28 133 | Horse 344....| Positive; 10 days incubation.  Test
. swarming, . : monkey contracted surra, dying in
: 11 days; horse 344, died in 60 days,
I 0 7, D Swarming... .2 - 6 | Monkey X..| Negative; succumbed later. to bloed

‘ inoenlation. .
7=8 minutes......| Numerous .. .30 97 | Horse 123..__| Positive; 6 daﬁrs incubation; dead in
38 days. . Reproduced surra with

fatalities in ronkey and guinea

' : : pig.
10 minutes.......|..... do....... 12 16 | Horse120....| Positive; 53 days incubation; dead .
' : in 35 days. Its blogd killed 1 mon-
key and 2 guinen pigs.

15 minutes....... Moderate to - 18 18| Horse 300...| Negative; tfested later and found
: swarming. : susceptible to surra,

Do,esunnnn.. Swarming... 1 3 | Monkey 13..| Positive; died with numerons try-

. , _ ' ‘ pancsomes in heart in 21 days.
20 minutes.......| Scanly to 30 | 102 | Bull 38,.....| Nagative; -inoeulated with blood of

. Swarming _ infeeted horse 30 days later.
Show(fd trypancsomes and recov-

‘ ' ered.
1hour........... Swarming... 12 12 | Horse 339....| Negative; 1 fiy after feeding injected
into & guinea pig produnged surra.
2-3hours........ Numerous... 10 . 10 | Monkey 14..| Negative.

8-4 hours........| Swarming... 3G 30 | Horse....... Do,
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EXPERIMENTS IN THE INDIRECT METHOD OF INFECTION.

Many attempts were made to keep alive large numbers of gadflies
under artificial conditionsin order to test the biological application of
development to the experimental transmission of Trypanosoma evansi.
This was finally achieved with a limited number of flies to the extent -
of 26 days in two experiments and 21 days in one experiment. |

Methods.—In this series the flies were kept, when not applied on
animals, in a large locally constructed refrigerator where the tempera~
ture was quite uniformly maintained at 23° to 25° C. 'Here flies were
kept in a large breeding flask generously supplied with dry filter
peper laid lengthwise in roughly rolled strips. When it was desired
to feed the flies they were transferred to individual wide-mouthed
test tubes plugged with cotton wool. o |

The parasites, after the initial engorgement ‘on the surra-infected
host, were applied in the various experiments once daily, although the
individual fly bit on an average only once in three days. When the
flies became disabled they were injected as soon as practicable in
saline suspensions into guinea pigs.. The following table presents a

summary of the data in transmission experiments in the indirect
method: ‘ ' " |

TaBLE 2.—Experimenis in the indirect method of transmission. -

‘ : Number | Healthy Tr %ggggsg)fme Tate of'animals
Interval after hiling infected host. of flieg animal infected host exposed 1o
‘ ‘ C applied. exposed. - ‘when bitten. fly bites.,
3 B G -2 S RN 33 | Horse 339....- Ywarming.....| Negalive.
B T ARLIAREITETE L . 15 | Horse 73..c.. ]eens- de.cuuue... Do.
B I0 AFAS e camcccecutinmeneeanoorasaanann 59 | Horse339.....|- RN [« SR Do.
T X 1 PR 105 | Horse 73.....-|. JREPY « |, PPN Do,
310 ARFBrreccnccerinanmmrmccmae et araannes 38 | Horse B.......| Numerous..... -Po.
11-14 days...... e iaiiwarareceseceioataarn " 41 | Horse 339..... Bwarming..... Do..
11-14 days...... PN Ceareanes 87 | Horse 73...cufenasn do...ooenas Do.
11-14 da¥s..----- : ol 25 | Horse B...._..} Numerous..... o Do.
15-18 days..... : ‘ e 15 | Horse 839..... Swarming..... Do.
16-19 days..... : 22 | Horse 73...... BN ; [ TP _Do.
I5 10 AAFTesrc oo mceciceenninamnnm e annnn 8 | Horse B.......] Numerous..... Do.
21 dAFScennmnens e ussammmmsemranomeeinaan Al 10 | Horse 830..... Bwarming..... .. Do.
) W 2% T NP PPN P - 13 Y Horse 73.ccuv-feeuas A0eevnencn-- Do,
21days.cianrece--- S PRI 2 { Horse B.......| Numerous..... Do,
AT PP RPN 6 | Horsa339..... Swarming..... Do.
PR, ) 1% - RO 7 | Horse 73.eues-famnn s [ SO Do.
2408 dAFEen oo remrciam e e 4 | Horse 339.....[----. do......... Do.

‘Reésults of experiments in the indirect method were strength-
ened by a number of instances of inoculations of flies into suscep-
tible animals at, various intervals after biting the infected host. Dig-
sections and microscopical examinations for trypansomes were made
prior to injecting. ~ . B - - -

Tlies disabled by injuries or age were ground up in physiological
salt solution and injected subcutaneouslyinto guinea pigs and in one
instance into & ‘horse. Flies were inoculated ‘after the following
periods of possible infectivity: S o

L]
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Into guinea pigs: 2-3 days, 6 days, 9 days, ]2 days, 14-15 days, 16
days, 17 days, 19 days, 21 days, 24 days.

Into a horse: 25 days and 26 da,ys :

.No suspicious protozoan organisms were encountered in the fhes dis-
sected and apparently no developmental forms were present as the
animals inoculated remained normal one month following the experi-
ments.

EVIDENCE OF INFECTION CONVEYED IN THE PROBOSCIS.

It often occurs’in an outbreak that where large numbers of horses
are corraled that only one animal of the lot may contract surra when
it is obvious that the others are exposed to the same agencies. In
two instances of this sort the writer collected tabanids, immediately .
- after segregation of the sick horse, from animals which escaped
infection and found in dissections in a few instances numerous surra-
like organisms. A practical problem thus presented itself. How many
horses could flies infect successively? Kxperimentally this would
resolve itself into the determining if an infected fly in biting cleans its
contaminated proboscis at a single insertion, or if infective organisms
are retained so that when interrupted in the bltmg process infection
may be carried to the next animal bitten. Or, in other words, is the
conveyance of infection effected through the stab of the fly. or assmted
by the physiological action of regurgitation or activity of the salivary
glands? To. determine this point an experiment with horses and
tabanids was conducted as follows: Three horses screened from each
other were exposed to the successive bites of flies which had contami-
nated their labiums with blood of a horse whose blood was swarmin
with trypanosomes at the time of the experiment. A small trapdoor
communicated between the screened stalls perm_lttmg of the transfer of
- glass tube and fly. An attendant was stationed in.each stall, so that
the feeding could be better facilitated. Each fly was fed 30 seconds
on the infected horse, and without interval 30 seconds on horse No. 58,
~ followed immediately by 30 seconds on horse B, and after an interval
of 5 miniutes from the time of the infective bite, the fly was permitted
~ to complete the meal on horse No. 73. In thls manner 43 flies fed on
~ the sick horse, 43 on the first. contact horse No. 58, 39 flies bit the .

second contact, horse B, -and. 32 bites were ccmpleted upon. horse
No. 73. -

- After an incubation pemod of six days horse No. 58 showed a
temperature of 40.3° C., followed by a morning temperature of
41.2° C. At this time blood from an ear vein revealed a moderate
number of quite typical surra organisms. Sixty-two days following
the fly applications horse No. 58 was down and struggling in the final
stages of the disease. - Numerous trypa,nosomcs were seeh in blood
removed from the ear. One cubic centimeter of blood removed
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from the jugular vein at this time was inj ected into monkey No. 75,
which died with typical indications of surra infection 11 days later.

Hoises Nos. 78 and B were held under observation for 40 days fol-
lowing the experiment, during which time no reacton was noted.
Blood inoculated into monkeys and guinea pigs proved negative for
trypanosomes. :

Tt is concluded from this experiment that the biting of Tabanus

striatus is innocuous in infecting more than one horse as a result of
a previous contamination. |

8TUDY OW AN,'. OUTBREAK OF SURRA IN WHICH TABANUS STRIATUS

WAS THE PROBABLE AGENT OF INFEOTION_’.

The writer was fortunate enough to have an opportunity to
make an epidemological study of an outbreak of surra where intimate
relations between host and carrier could be identified. This occurred
from May to July, 1913, on the Government stock farm, 26 kilometers
south of Manila, where a breeding station was maintained. Ilere the
mares and colts were pastured while the stallions were quartered in
darkened stables adjoining the pastures. 'The pastures for the brood
mares were interspersed with groves of trees which afforded shade
for the animals and incidentally very convenient resting places for
the thousands of gad flies observed during the outbreak. During the
heat of the day when tabanids and other flies were least active the
herd was distributed among four stables which are designated in the
table below as approximate centers for the dissemination of new cases
of surra. During the hours of 10 a. m. to 4 p. m. the horses were
pastured on land contiguous to the respective stables, the grazing
areas being partitioned by wire fences and natural barriers of groves
of trees. The outbreak of surra occurred when gad flies were the
most prevalent day biting parasites, These flies originated from

' the shores of an 80-mile lake which was located 640 meters from the
stock farm. A natural connection between lake and the reservation
was afforded by an unbroken row of rain trees which attracted many
hundred of resting flies at all times.

_ The source of the present outbreak is supposed to have originated in -

a mare which was brought to the stock farm for breeding the latter
- part of April, 1018. The disease in this animal was not recognized as
surra, although it died with suspicious symptoms. The infection was
identified May 9 in horse No. A-86, which was removed to the research
laboratory for treatment of surra. This was followed one day later
by three cases found in grazing animals stabled 400 meters from horse
No. A-86. Three days later a horse kept in a &table 1,060 meters dis-
tant showed pronounced symptoms. From thelaststable a total of 13
animals were found infected. In the nearest stable, a distance of
1,060 meters, seven cases developed. Two hundred and ten meters
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from this stable two horses were removed and two more cases wers
found in the next stable about 200 meters distant from the preceding,
It was observed that by far the greatest area (about 80 per cent)
‘of woodland and stream was included in the tract from which the
‘greatest number of cases was removed. Here the total number of
horses present was about the same as that in the next pasture,
Without doubt the greatest number of gad flies was observed and
collected from the region where much water and woods abounded.

Systematic blood examinations of the horses were not made until
~ the first five cases were identified, i. ., after the infection gained
& foothold, so that it is not possible to state accurately the incuba-
tion period of the disease in the cases detected.

In collecting horseflies from the focus of infection several
specimens of Tabanus striatus were removed from trees and also from
horses showing engorged abdomens with swarms of trypanosomes.
Surra was reproduced in a monkey and three guinea pigs by injections
- of suspensions of material of this sort. |

- The table following gives a list of cases of the infection with their
respective dates of detection and a statement of the distances from
the previous cases the animals were removed. These distances are
approximate only, using as a basis the distance of one stable from
another relative to the location of sick horses. '

TaBLE 3,—Relation of cases to place of infection,

o Datoof | moproa Datoof | mers o

" Dateo mate dis- . ate of | male dis-

No. of horse. deteotion. | tance from No. of horse. detection. = | tance from

-last case. : . .| last casa,

: Meters. | Meters.

A6 vurieiniiiranennns May 9,1013 [...ovueuuon ]l 990encninnnn.ss eeeeas May. 28,1913 1,180
B9 et aaeas May 10,1013 |....onl.. .l Fovrmsnnn et arieienaraan May 20,1913 1,380
L1 1 IR R do,....... : 210 |} 45, .o e e, ... June 2,1013 ¢ 1,380
270...... e mcreeeamennn I PO [ £V 7 3 S, ee-vof Jume 3,1913 1,060
18Il May 12,1913 1,060 1| B8, o . o0llill June 9;1913 1,060
B-17. i iineaeins May 20,1013 1,080 f B-87. e iieeeaiaii]ennnn do........ 1,080
206 May 21,1913 1,060 || 108 and B-63...0 .0 11 June 13,1613 Nil.
201 L LI1IIIII LI May 2701013 Nil, | 179 and B2, 00000000 do........ Nil.
182, e do........ 210 (| A-9and 115............| June 16,1613 - - Nil,
B-65. . iiiieieean...| May 28,1013 1,380  2er e rericeirananaa. June 26,1913 © 1,380

Bddo oL lae T T . o,

Not any of the stallions which were quartered in darkened stables
. contracted the disease, Daily examinations of these quarters
showed an absence of gadflies although the stable inhabiting species,
Hippobosca maculate and Stomozys caleitrans in addition to several

species of mosquitoes were encountered.

In reference to the epidemiological study of the surra outbreak on
the Government stock farm no evidence was presented to support
‘any possible biological development of the suwrra organisms relative
to an invertebrate host. Indeed the evidence is against the develop-
ment of any latent infection. Thehorses and cattle under surveillance
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wére examined by mibrOSGope once weekly after the last ecase of horse
surrs was isolated. No clinical symptoms of the disease were mani-
fested during four months following the blood examinations. - _
This study was further advanced by systematically collecting flies
from this focus beginning two days following the last case of surra.
These flies were applied during a period of two months to two healthy
monkeys and the animals examined from time to time for indications
of surra. One hundred and four flies were treated in this way without
results. These monkeys reacted in the usual manner to injections
of small does of virulent blood obtained from a horse which was
spontaneously infected during the stock-farm outbreak. |

THE OCCURRENCE OF SURRA INFECTION AND THE PREVALENOE OF
' o ' TABANUS STRIATUS. : '

The locating of the breeding places of the gadfly, Tabanus striatus,
occupied the writer's time during two years in studies of the epidemi-
ology of surra in southern Luzon. This region has been notorious
for all the time during American occupation on account of its annual
loss due to epizootic surra. The disease has always been associated
with the proximity of Bay Lake (Laguna de Bay) which gives rise
to the Pasig River, at the mouth of which Manila is situated. The
‘lake extends south of Manila for approximately 80 miles along the
Provinces of Rizal and Laguna. It serves as an important waterway
for native commerce between Manila and lake ports, communicating
~with interior barrios by means of carabaos and pack ponies., The
latter relation is of interest epidemiologically, as the draft animalsg
coming for many miles serve as ready vehicles for the flies which
abound along the lake shore. | | |

In a study of the Government archives embracing the American
veterinary reports, it was ascertained that a few clearly demonstrated
outbreaks of surra have occurred throughout the lake region. The
military authorities have reported the necessity for abandoning certain
strategic points as cavalry posts due to the tremendous loss of horses
from surra. In 1902, as one example there were 113 cavalry horses
destroyed in one outbreak of the disease at Santa Cruz and Pillar,
towns on the upper end of the lake. - Less severe outbreaks have
oceurred since in this region among officer’s mounts. e

The veterinary division of the insular government reports that
there was a general widespread epizootic in 1908-1910, throughout
Laguna Province, involving the loss of hundreds of mules, horses,
and.carabaos in some 12 towns on the lake shore. In 1909, 20
valuable horses of the Government stock farm at Alabang, Rizal
Province, contracted the disease at a time when Tabanus striafus
was markedly prevalent. In 1918, outbreaks of surra coming under
the writer's personal notice occurred at several points along the lake
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region and also in Manila. At the latter point enzootic conditions
have prevailed from the time of American occupation to the present.
The occurrence of epizootic surra in the lake Provinces in the latter
part of 1913 has been of unusual interest on account of the coincidental
faunal relations, which had been studied for several months prior
to the cases observed. An accurate check was afforded to the inci-
dence of surra on the strength of an exhaustive survey of faunal
conditions pursued during April to September of the same year.
This survey in antedating and correlating the epizootics is considered
of tremendous value in supporting results of laboratory experiments.
The biological relations were established before there arose the neces-
sity for epidemiological studies. These consisted in a survey of the
entire lake shore from a motor boat by water and in a walking tour
by land. In all the regions where it was possible to traverse the
sandy lake shore the breeding places of Tabanus striatus were located.
Tn the detour of the infected region larves and pupee of Tubanus
siriatus were found in abundance on the lake front embracing the
following municipalities: Taguig, Balagbag, Alabang, Muntinlupa,
San Pedro, Tunisan, Binan, Santa Rosa, Calamba, Los Banos, Bay,
Santa Cruz, Jola Jola, Pelilla, Binangonan, and Morong. Flies from
these localities were distributed to interior points by the following
means: The adult flies were transported on the backs of slow-moving
carabaos, bulls, and pack ponies; larve and pupe were often trans-
ported in loads of shell and sand for road building and other purposes
from the lake to interior points; and flies as they emerged from their
habitats on the lake shore if no convenient host were available flew
to the nearest rain tree and rested. In many lake towns there was
afforded an unbrokén communication from lake to the interior of the
town by rows of rain trees. These served as the favorite native
shade tree throughout these Provinces and were observed to be the
most attractive resting place for thousands of both sexes of Tabanus
- striafus. S ' o

At every place visited native officials furnished stories of the devas-
‘tation due to surra infection. Many of these were confirmed by offi-
cial records and observed cases. Outbreaks were personally investi-
gated at Los Banos, Calamba, Santa Rosa, Alabang, and Manila. In
every instance sufficient evidence was obtained to incriminate Tabanus
striatus as the carrier responsible for the dissemination of Trypano-
SOMa eVANS, | | o |

DAREENED STABLES RELATIVE TO INGIDENCE OF TABANUS STRIATUS.

Many investigators have observed that tabanids do mot infest

animals kept in a darkened stable, This is assumed by some as sig-
nificant epidemiologically and others eliminate Tabanidse on the
| 43225°—14—2 S |
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same grounds. For instance, Schat (1903) claims that cattle and
horses in surra outbreaks in Java were not protected against surrg
when kept in stables because Stomoxys calcitrans and Lyperosia -
exigua, two stables 1n.hab1t1ng flies, had access to them. The horge-
fly, Tabanus sp. of Java, is stated to play an insignificant part since
it does not get inside the stables.

According to Liaveran and Mesnil (1907) during the Mauritius surrg
epizootic the cattle belonging to the Indians were noticed to be im-
mune on account of being boxed up in small, dark huts into Whmh the
the flies did not penetrate. |

The influence of dark stables in India was commented on by Leese
(1911), who states that much can be done in lessenmg the number of
flies without interfering with the supply of fresh air by extending the
eaves of stables as far downward on all sides as the height of the
pony will admit. “‘I was not able to get the disease to spread in my
controls by the few flies which penterated into the stable until they
were tied up immediately outside of the protection afforded by the
low roof. Only two or three Tabanus were seen biting in our stable
during the whole surra season, although they were often seen just
outside if.

Ev 1dence of the protection against surra infection in the faunal con-
ditions maintaimed in darkened stables is offered in the following
example: ' -

Horse No. 256 had been kept in an open corral and used for the

saddle during November and December, at the end of which month
it was placed in a partially darkened ghed in company with other
stock. On January 10, 1913, the attendant, noticing an unusual con-
dition in the horse, 1eported the [act to the veterinary inspector, who
found a temperature of 40.1° C, and ordered the removal of the ani-
mal. The native attendant neglected to isolate the animal until
January 18, when an examination of its blood revealed numerous
trypanosomes. Then the horse was removed to the screened stable -
-and a careful examination made of the horse’s companions. During
the six weeks which followed not any of the 11 horses and 4 bulls
showed symptoms of disease.
- While the sick animal was qua,rtercd in the. open shed many stable
flies and hlppObOSGld.BS were seen, but gadflies were not in evidence.
One specimen - of the latter species had been collected from the .
lighted portion of this shed 18 months before, but there were no recur-
~ rences, although the work bulls entered the shed with as many as
30 to 40 tabanids infesting them. ~These flies were seen to Iea,ve their
hosts upon entering the interior of the shed.

Additional evidence of the protectlon afforded by darkened stables
is presented in a practical experiment conducted in Manila during the
time of maxlmum taba,md mfestatlon In this trlal 3 horses and 2
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carabaos were placed in a partially darkened shed, where 3 surra-
infected carabaos in contiguous stalls were exposed to biting flies.
The eight animals were not disturbed for a period of 2 months,
during which time the infesting flies were collected and recorded.

Culicoides, Phlebotomus, and various species of mosquitoes were
observed in addition to stable flies and Lyperosia.

During the entire period two specimens of Tabanus siriafus were
collected. The latter species was collected from carabaos in the pas-
ture adjoining to the extent of 60 to 70 in a few minutes.

* After exposure to the fly-biting experiment the animals were segre-
gated in screened stalls and observed for 30 days with the usual pre-
cautions. No infection was found in the five healthy animals and
the experiment was judged to be negative. -
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2. THE RELATION OF MOSQUITOES TO SURRA.

Mosquitoes have been suspected of disseminating surra in the
Philippines since the earliest investigations. However, equal stress
has been placed on the incrimination of all of the blood-sucking
. forms. Concerning the relation of mosquitoes, the native people of
the Philippines believe strongly in the guilt of these insects as try-
panosome transmitters. Many believe that protection can be af-
forded domestic animals by grazing at distances from lowlands which
breed mosquitoes. - . |

Working in Manila, Curry (1902) summarizes his studies on surra
conveyance by emphesizing stable flies rather than mosquitoes, which
latter, he states, Howard wrote him should be looked upon with sus-
picion. : . |

- Teese (1911) considered that he had satisfactorily eliminated
Anopheles and Culex and Stegomyia in several surra transmission ex-
periments performed in India. His experiments gave no support to
the factor of a developmental cycle of Tr. evanst in the invertebrate
host. Fis conclusions are based on experiments at intervals after
infective biting of 2 days with 58 mosquitoes to 11 to 16 days with 4
mosquitoes. . o -

Dutton, Todd, and Hannington (1907) failed to transmit T'r. gam-
biense in their experiments with Anopheline mosquitoes Pyretophorus
costalis. Dissections were made 12 hours to 11°days after infection.
The insects were kept alive by feeding every two days on uninfected
animals. Trypanosoma gambiense was seen in periods ranging Irom
12 to 42 hours following the infective meal. They quote some
‘authors who show that Tr. gambiense survives ingestion by mosquitoes
for only 36 hours, and remains virulent to mice for a period of 14
hours. | | ‘

The possibility of the transmission of trypanocsomes by mosquitoes
has boen shown by Roubaud and Lafont (1914) in an investigation
conducted in French West Africa. Stegomyia fusciate was used in
experiments with Trypanosome gambiense in rodents and monkeys.
Only the direct method of transmission was attempted. Mosquitoes
in these experiments harbored viable trypanosomes for more than

24 hours. | 7 ‘
~In alarge series of experiments with surra in the Philippines I was
not able to transmit the infection with several species of mosquitoes
- with animals kept in screened stables, in screened cages, or by ap-
plying possibly infected mosquitoes from glass tubes and bottles upon
‘many healthy animals. | --.( ) ‘ .

, S (20
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In the experiments with monkeys the mosquitoes, after feeding on
infected horses were applied from a large bottle, into which the mon-
key's tail was thrust and held from 1 to 2 hours, until all of the insects
had fed. In several experiments the monkey was placed in a small
cage after it was denuded of much of its hair and immobilized for 3
hours daily, during which time the mosquitoes were observed to feed.

The character of the infection induced by these insects in the latter
experiment would rest almost wholly in transmission by the indirect
method or infection after a considerable interval. These nematocer-
ous insects are not involved in mterrupted feeding in nature, since

the biting to the point of engorgement is completed almost wholly
upon the same host. However, in experiments mosquitoes easily
adapt themselves to interruption in the feeding process. The mouth
is mmedlately withdrawn when forcibly interrupted and feeding re-
assumed in an adj ommg area upon the skin of the host’s body.

The experiments in the direct method of infection are included in

the table following. Two species, namely, Aedes (Stegomyia) calopus

and Ouleg fatigans are considered in relation to the various hosts.

TapLE IV ~—Ezxperiments with mosquitoes.
AEDES (STEGOMYTA) CALQPUS.

Number
; : of JiJ%os- ’
' ‘ - | Mumber | Health u1oes i ERC
Perﬁ? dhdurmg tafested snimal tOf days | host Z o Dggg-or
whieh mos- B0 an T ypano- expose - "
quitoes were | used as donor. | somes | to mos- siéfcollﬁ)st Interval between feedings. O?Lmlgl’.li_
transferred. . were quito - | #EE A2y
prt_aagni;. » .bit_w. ‘biting _
' healthy
animsal,
May 17-27. . ..... Horse 40......... 5 | Horse 44. 134 | 20 minutes to 40hours.._| June 23
May 11-20....... IR« SO, + 12 { Monkey & 118 | 30 minutes to 48 hours...| June 15
June 23-29....... "HOrSE 42. e evenn- 7 | Mule 8.. 621 { 20 minutes to 4 hours....{ Aug. 2
Ang. 2-19. ... Horse Co.vvvvnen - 18 Monkey? 854 | 10 minutes fo 1 hour..... Sept. b
June 5-22..0ns.-. Hnrses 37 and 42. 14 Horse 43. 884 | 15 minuies fo 13 hours... .'Iuna 22
'CULEX FATIGANS,
July 3~12..-. we-w-l Horse Co.oouo.oo 10 | Horse 44. 984 | 15 minutes to 1% hours...| July: 15
F uly 14-—Aug 20 e cBerenncnan-. 38 Horse B.. 979 | 5 minutes to 8 ays.... ..|Bept. 1

The matter of hered1ta,ry transmission was 11kew1se disposed of in
anexpemment&l way in conjunction with the indirect method. Three
hundred specimens of Aedes (Stegomyia) calopus, collected durmg the
act of bltmg & horse which had numerous surra trypanosomes in its
blood, were placed in a screened stable with a healthy horse. Here
the insects were encouraged to lay their eggs in vessels provided for
the purpose. The larve which developed were removed from time
to time and placed in suitable containers in a separate stall where
another healthy horse was provlded for the mosqu1toes emerging.

o
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‘No mosquitoes remsined after 36 days, when the exPei'iInent was
- concluded, and the horses were further observed during 30 days. No
infection resulted. -

Mosquitoes proved to harbor surra trypanosomes a greater length -

of time than any other blood-sucking form. Several specimens of
Aedes (Stegomyia) calopus were found with active trypanosomes

resembling evansi, for a period of 42 bours after an infective bite.

These were located in the proventriculus. None was encountered
in the salivary glands or in dissections of the mouth parts in various
- periods up to 36 days after biting sick animals. In this series 80
‘Thours was the longest period the trypanosomes in these mosquitoes

(Aedes (Stegomyia) calopus, Oulex fatigans and C. ludlowt) were found - a

virdent by inoculation into a monkey. The species infected the -
maximum period was found to be Aedes (Stegomyia) calopus.

MOSQUITO EXPERIMENTATION IN THE FIELD.

The question of the possibility of dissemination of surra through
mosquitoes was put to a practical test during an outhreak of the
disease at the Government experiment station, 26 kilometers south
of Manila. At this location, from May to July, 1913, a total of 24
horses contracted surra. During this period the region was under
personal surveillance, in which a careful epidemilogical study was
conducted. It was concluded that the Philippine horsefly, Tabanus
striatus was responsible for the distribution of the infection. The
‘prevalence of this fly was marked a few weeks preceding the first
cases diagnosed and a short time following the last cases isolated.
The field experiments with mosquitoes were performed during the
occurrence of the spontaneous cases toward the end of the outbreak.

Four healthy ponies were placed in an improvised corral immedi-
ately adjoining the pasture where the majority of the surra cases
 occurred. To make the test more severe a pony suffering from the
~ disease was quartered in the same corral and permitted to mingle
with the four healthy ponies. The exposure to nocturnal parasites
continued during eight nights, when systematic collections were made,
by the aid of a hunter’s lamp, of the blood-sucking forms molesting
the five ponies. Similar collections were made from a few of the
horses ‘in the adjoining pasture. Two species of Anopheles, one
species of Aedes, and four species of Culez were recognized. Mos-
quitoes were the predominant forms present; a species of sand fly,
Phlebotomus, was recognizeéd and found to be quite abundant.

The occurrence of Tabanus striatus in the pastures was carefully
noted during this test. Their activities were timed to be within the
limits of 5 a. . and 7 p. m. ~ Therefore it was necessary to avoid these
hours in order to eliminate the horsefly as a transmitting agent. To
be sure, & few diurnal mosquitoes (principally Aedes (Stegomyia)
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calopus) infested horses in this locality, but with the experimental
ovidence at hand these can be safely ignored for the present.

The five ponies were removed from their screened stalls as immedi-
ately after 7 o’clock as was practicable and placed in the open corral
until 4.45 a. m. ‘The animals were kept in individual fiy-screened
stalls during daylight.

After the eighth night the animals were no longer exposed but kept
under observation for a long period in the screened stable. A fresh
animal was then placed in the corral, where it was exposed during 35
nights In order to attract mosquitoes in an attempt to provide for
the ‘possibility of trypanosome infection carried either hereditarily
or through a developmental cycle in the mosquito.

After the experiments the five healthy ponies were not removed
from the screened stable for a period of 42 days during which time
their temperatures were observed and blood examinations made.
No reaction was noted, so the experiment was declared negative.
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3. NOTES ON THE BIONOMICS OF LYPEROSIA EXIGUA AND
THE RELATION OF THIS FLY TO EXPERIMENTAL TRY-

PANOSOMIASIS.

In relation to draft animals in the Phj]ippine' Islands, Lyperosia
- exigua de Mel] is the most predominant of all species of blood-sucking
flies, It is prevalent at all seasons and at all hours; found at night
usually at rest on bovines, accompanying mosqu1toes and sand flies.
On horses this fly is relatively an accidental parasite, preferring the

hosts upon whose excreta it lays its eggs; carabao and cattle are.

selected in this regard.

The egg stage.—Under artificial conditions the captwe fiy beglns
egg laying within a few minutes. They are laid on the glass or in a
suitable medium either singly or in clusters; when the latter is the
case the eggs number 10 usually, but two clusters of 18 and 25 have
been observed. The eggs are quite viscid when' laid, adhering to
the surface of the vessel by their convex sides. - The color of the egg
is ordinarily white, sometimes white with brown periphery, yellow,
and light brown. At all events, the egg darkens perceptibly after
incubation has fahly eommenced The white egg when exposed to
the air changes in a few minutes to yellow and rapidly to brown.

The size of the egg is, with little variation, 1.30 millimeters by
0.35 millimeters. It is LOI]SldEla.bly smaller than the usual musecid
type of egg, though it has the same general form. The egg shell is
relatively thick and tough, due probably to the fact that the eges
are laid normally on the surface of the anure, and is thus constructed
to resist exposure.

Although the- Lyperoma will deposit eggs in empty glass vessels,
repeated trials give convincing evidence that these flies will not
oviposit on horse manure placed in glass jars. This manure mixed
with corn meal or bran is not more attractive. But when eggs and
newly hatched larvee of this species are placed in jars with moist
horse manure, development follows and the young forms reach
maturity. .

Hatching.—In glass tubes eggs fail to hatch unless moisture is
_provided; they dry up within a short time. About 10 hours after
deposition the egg shows signs of embryonic movement, and 4 or 5
hours later the larva emerges. With the aid of the microscope the

first sign of hatchmg can be discerned through the exochorion, con- |

sisting of a squirming action. By a pressure of the anal portlon and
an alternate sliding of the head end a decided piston-like movement
(24) |
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results. The head capsule presses against the cephalic end of the
egg a8 the processes upon which the anal stigmata are set force the
body in that direction. Then a backward glide is effected in order,
apparently, to bring into play the two cutting spines of the pharyngeal
apophyses. These working alternately against the two margins of
the micropyle canal,slit ajar the upper portion through which the
~ young larva effects its escape. The latter movement is extremely
rapid; it is virtually a glide through the forced gpen micropyle canal.
The larva.—In sppearance the larva is not unlike other muscid
larves, but is probably whiter and more delicately marked. When
hatched it is a footless maggot, 1.5 millimeters long and rather
chunky. The white cuticle is contrasted by the black pharyngeal
apophyses which terminate in the pair of acute hatching spines directed
caudally, and the black anal stigmata. which, in this species, are borne
on two minute pedunculated processes. ' | |
‘The young larva is extremely active in procuring its food. Unlike
the larva of Stomowys caleitrans, it can not sarvive overnight without
food and dies in a few hours when left in a test tube with a decoction
of manure or in salt solution. Development in this species is quite
rapid when the optimum food conditions are present. When placed
in horse manure, growth is retarded. In nature the eggs are laid on
the surface of cow and carabao manure, but the larve do not remain
on the surface, but seek the liquid portions of the food medium.
Three days suffice for full larval development, when the puparium is
formed. At this stage it is not quite 7 millimeters in length. Pre-
paratory to forming the pupal case the larva imbibes a great amount
of the surrounding moisture. In so doing the head is kept constantly
quivering from side to side. Almost imperceptibly there ensues a
clearing action of the black contents of the intestinal tract, and soon
this appears yellowish in conformity with the external cuticle. The
body segments contract from the oval end cephalically, and with the
invagination of the head capsule the barrel-formed puparium is com-
~ pleted. The color of this rapidly changes from a yellow to a bright
terra cotta. The dimensions of the puparium are rather constantly
4 millimeters by 2 millimeters. L '
The pupa.—The pupal stage requires at least four days, the fly
emerging in four to five days ordinarily. Unlike Stornozys, Philema-
tomyia, and other muscid flies, the postpipal stage in this species
is a condensed period, the adult fly bursting through. the puparium
in a few seconds and within three minutes is apparently fully devel- -
oped. With wings spread it is seen walking to the lighted portion
of the jar, and at once asswmes flight if permitted to escape. ,
Life eycle—The entire life cycle of Lyperosia exigua as observed
at various times under laboratory conditions is summarized in

Table 1.




Tasre I.—8howing the length of time required for the life stages of Lyperosia exigua.
Dato. Material used. Egg. | Larva, | Pupa. | Cycle.
Hours. | Days, | Days. | Days.

Bept. 8, 1011, L., Carabao manurs. ........... 18 5 5 11
Septf. 19,1911 o] L 14 4 . & 10
Feb. 14,1012, .. .oooeu ... Cow manure................ 18 4 4 g9
Feb. 16,1012 __.... eeriiciaeans B T < [« MR . 18 4 5 10
July 26,1012, ... ... a.-s Guinea-pig manire. . ....... 16 5 5 1
July 27,3912 . i ieeiannnns Cargbao manure. ........... 4 4 & 10
ADr. 11,1013, . ..., Cow manure.............._. 18 4 4 g

ay 206, 1913, ..., ..ol S S do. o 12 4 4- 9

Average life cyele, 9 to 11 days. -

The adult fly is prepared to feed within an hour. Both sexes draw
blood. The action of biting is not unlike that of the stable fly, but
the Lyperosia usually requires shorter and more frequent bites for
-complete satiation. |

The fly in nature, like its relative, the horn fly of the United States,
usually feeds in a group, but is never found resting upon the base of
the horns. 'When found feeding on the horse, it is never in a swarm
which occurs on carabaos and cattle. The parasitism of the horse
occurs usually in individual instances. | : |

This species, unlike Stomozys calcitrans, is difficult to keep for lab-
oratory purposes, rarely surviving beyond ten days when fed daily.
Therefore, its use in transmission experiments was limited to the direct
method. '

TRANSMISSION EXPERIMENTS WITH TRYPANOSOMA EVANSI.

In several epizootics in widely separated regions in the Orient and
in Africa, species of Lyperosia Have been suspected to be the cause of
the dissemination of trypanosomiases. Schat (1903) in his disserta-
tion on the study of the spread of surra in Java is quite decided in his
incrimination of Lyperosia exigua in addition to the stable fly. His
observations were almost entirely epidemiological and meager experi-
mental evidence is presented. Leese (1912) in a: careful survey of
epidemiological conditions on surra in India found Lyperosia prevalent
in enzootic areas where horseflies and other blood-sucking forms were
absent, and suggests the probability of Lyperosia minute acting as a
mechanical carrier., In his experiments reported in 1911 the results
obtained led him to state that this species of fly plays an insignificant
role as a carrier. Austen (1909) mentions in a footnote that a medical
officer in British Africa reported the occurrence of Lyperosia in an
important réle as a transmitter of trypanosomiasis. .

- Lyperosia exigua is found to infest the draft animals of the Philip-
pines in tremendous numbers at a time of the year when surra is
- present. In this connection it is often associated with the gadfly
Tabanus striatus and usually with Stomozys calcitrans, the stable fly.
It therefore devolves upon the investigator to determine to what




. introduced at stated intervals.
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extent Lyperosia may play arodle in the absence of other blood-sucking
- flies. | ' |
In the experimental data presented three methods of procedure are
included: ' ‘

First. Exposing healthy animals and infected animals to the bites
of flies under natural conditions. Here counts were made of flies
taken in the act of biting the hosts kept in the open. *

Second. The experimental animals were exposed in a screened stable
tothe biting of aspecified number of flies collected from known sources.

Third. Bred flies were applied from test tubes upon infected and
healthy animals ab stated intervals.

First method —Experiments under natural conditions were pursued
during 1911 from the latter part of April to the latter part of October.
At the time of the year selected this species of fly abounds In swarms,
being the most prevalent in numbers of the blood-sucking flies. The
animals used were carabaos and horses. Surra-infected carabaos were
used to supply the infection, they being preferred as the primary host

on account of being the most susceptible of the draft animals to Lyper-
osie infestation. | o

The three experiments were conducted with the animals in the open
under well-lighted sheds -and kept together as closely as practicable.
The.flies were collected twice daily and only the number of specimens
of Lyperosia was recorded; other species of parasitic flies were ob-
served but not recorded. The hosts were examined for blood para-
sites, in addition the temperatures were recorded and the animals
observed for clinical symptoms. . o

The table following gives a résumé of the three experiments
conducted: | SR

Tasre 11.—Compilation of experiments in which healthy horses and sick carabaos were
exposed to Lyperosia flies in the open. ‘ '

Poriod of experiment.

Apr, 27~ | Aug. 18- | Sept. 8- .
June 8. | Sept. 8 | Qct. 24

1 11 4

1 1l - 2
1,811 487 5, 802
B 138 | - 432

01 22

After each experiment the horses were placed in screened stalls and
blood examinations and temperatures taken daily for 30 days. No
reactions were noted. SR o
* Second method.—The next two experiments were attempted with
carabaos in a fly-screened cage and the insects from known sources
A fly-proof cage with a substantial fly-proof entrance, 7.3 meters
by 9.1 meters, with a height of 4.5 meters graduated to 3.6 meters
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was so partitioned that two swrra-infected carabaos and a healthy
carabao could occupy adjoining stalls without bodily contact and
still be exposed to the hites of flies placed in the inclosure. In the
first trial two surra-infected carabaos, Nos. 3228 and 3252, which
were in advanced stages of the disease, were placed on one side of
the coarse-screen partition and the healthy carabao, No. 16, was
selected to be exposed. . -
The parasites used were Lyperosia flies collected in open sheds
from healthy work carabaos. These were transferred twice daily to
the caged animals and were placed promiscuously in the screened
inclosure. The parasites attached themselves to the new hosts quite
readily. In all over 5,000 flies were employed: during the course of
the experiment lasting about one month, from J anuary-12 to Feb-
ruary 13, 1912. The healthy animal, carabao No. 16, was not
removed to the adjoining inclosure until two weeks later, February
28, when all of the flies had disappeared. ' : o
~As shown in Table IIT following, blood examinations of the three
carabaos were made daily. Carabao No. 3228 was positive for try-
panosomes upon 11 days and carabao No. 3252 was positive for an .
equal number of days, and between the two carabaos the diseage wag’
present in a fly-communicable form during 18 days of the experiment,

TasLe IIT.—Résumé of experiment in which sick carabios and o healthy carabao were
: exposed to Lyperosia flies. :

Number of flies
Placed in the
inclosure.

Trypanosome examing-
tion in carabaos,

Date.

g.m. | p.m. | No. 3228,  No. 3252,

Positive...| Positive.

.doos,l.. 0.
eeel0......] Negative,
...do.......I Do,
Negative. .| Positive.
Positive...] Do.
Negative..| Do,
-..do....... Do.
Positive... Do.

Negative..| Do.
Positive...| Negative,
Negative..| Do,

R < [ IO Do.
ST T JPPR ~ Do,
adooL... Do,
Positive...| Do.
Negative..| Do,
< T Positive.
I« [ 0.
R 2 4 PO Do.
eeod0..o. .. .| Negative.
Positive...| Do.
...do.......1 Do,
PR ¢ {« T Do.

Carabao No. 16, the héalthy contact, showed no evidence of the
disease either by temperature reaction or blood inoculation into
guinea pigs when ralease‘d‘ February 28. Subsequent observation
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of this animal during its two months’ quarantine convinced the
observer that the experiment terminated negatively. | '

A similar experiment was attempted with two infected carabaos
as blood donors but with the normal carabao in an isclated screened
inclosure. During the course of one ‘month beginning February 28,
1912, more than 3,000 flies were placed on the sick carabaos and
trapsferred at intervals of five minutes to three hours to the stall
occupied by healthy carabao No. 7. Many of these flies were observed
to settle on the second host and caught while biting.  Three months
following the last experiment the blood of carabao No. 7 was devoid
of trypanosomes and the two guinea pigs inoculated remained
negative. . - '

Third method.—Finally a series of experiments was conducted
under more strictly laboratory conditions. The direct method of
applying the flies was used in six experiments with no appreciable
interval between the bites of flies directly removed from the infected
host, and in seven experiments with intervals varying from 5 hours
to 10 days. The table below gives a summary of these experiments.

TapLe 1V.—Ezperiments in mechanical transmission with Lyperosia and Trypanosoma

cvanst.
. Number :
Tnterval between feedings. og_ fhias Con%%%%e%fﬁ’gggd on Healthy animal usad.
ed. *
30 SRCOTIIB . vavvrmasnmamacnmnn 91 Swarming..ceccvnvena oo Horse 339,
20 seconds. .. ... seecanaemeens b T S e L TP I Monkey 27; died Apr. 1. 'Neg.
5 seconds to 5 minutes........ 23 ... A0urecacccannmon-nm- -._| Monkey 26; died Apr.3. Neg.
50 seconds AVerage. coeevrr----- 40]....- 0. cvamercm-n ...} Horse 69. i
5 seconds to 2 minutes........ 8L l.... dOociivnnn ...} Horse 277.
10 seconds to 1 minute........ 40 | Numerous Monkey 30.
14 to 20 hours. 30 | Swarming; animal dying....| Horse 6.
5 to 7T hours..... \ SRR 1+ I N s |+ SO R Horse B-120.
24 10 48 hours 29 liesn- T R Horsa 882,
1t04daySieecervacaannainas 28 | Numerous....--- i ieenenmn- M%nkguy 5‘28; dead Apr. 4 (peri-
. onitis), - . -
B0 7 AaFS.rtoirvaaecianan ' 14 |....- dOueniviiamaea i anaains Monkey 29; dead Apr. 3, Neg.
1108 A8YSceecsrnmaamrreanansn 51 | Moderate...... amean eemeen Guinea pig K; reacted subse-
T : quently to surra by blood in-
‘ ‘ . ) \ aculation. ‘
10 10 daFs.cacannnenrnvaian 59 |..... 3 [o TR, SRR Carabao 9.

‘ATl of the healthy animals uséd in the 13 experiments above have
proved negative for surra infection. Monkeys Nos. 26, 27, 28,.and-29
pither died from injuries, naturally, or were killed for purposes of -
necropsy. These animals showed at post-mortem no lesions indica~
tive of surra. | B .

The blood examinations were also negative. Guinea pigs inocu-
lated from the animals exposed to the fly bites have proved negative
after one month to six weeks of frequent examinations. E

Carabao No. 9, which received the bites of 59 flies, was six months -
lator inoculated with & suspension of 30 Lyperosia flies removed from
a surra-infected horse. The carabao’s blood yielded trypanosomes
after an incubation period of 12 days. This animal died 8 months -

later and though trypanosomes were present in several organs ‘its
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untimely death was due more probably to the cramped quarters in
which it was confined. However, two guinea pigs inoculated with
the blood of this carabao reacted mth surra infection and died as a
result.

An attempt was made to eliminate the possibility of transmission
of surra organisms through heredity in the fly, Several thousand
of flies were liberated in the screened inclosure with two surra-
infected carabaos, and in 12 days or less not any of the flies remained.
In the meanwhile a new generation of flies was produced from the .
accumulated manure of the two animals. The new flies in turn fed
on the sick carabaos, laying their eggs on fresh depositions of manure.
Daily this manure was carefully transferred to a separate compart-
ment where a healthy donkey was quartered. In due time the second
generation of flies made their appearance and infested the new host.

The experiment was continued for 5 weeks, and 10 days later
blood of the donkey was inoculated into one monkey and used a month
later for an experiment in which it was inoculated with blood from
one of the two surra-infected carabaos. The animal responded to
the inoculation with a high temperature and a moderate number of
typical blood organisms on the seventh day and died 18 days later
with quite characteristic post-mortem lesions of surra.

SUMMARY OF EXPERIMENTS.

Experiments in the direct method with ZLyperosia exigua and
Trypanosoma evansi gave negative results.

Horses, which were exposed under natural conditions to the biting
of flies infesting sick carabaos, did not become infected.

- When thousands of flies infested sick and healthy carabaos placed
in a large screened inclosure no infection was transferred.

Only nega,mve results were obtained i in the interrupted method of
feeding flies in 13 experiments with various animals. In six trials
there was no appreciable interval between the bites of flies removed
from the infected hosts, and in seven experiments intervals occurred
varying from 5 hours to 10 days The grea,test number of flies em-
ployed was 61.

In one experiment with saveral thous&nds of flies the posszblhty of
transmission of T'r. evansi hereditarily was eliminated. -
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4 WECHANICAL TRANSMISSION EXPERIMENTS WITH PHILZ-
MATOMYIA CRASSIROSTRIS.

It was aimed to investigate, if practicable, every l?lood—sucking
species of fly of the Philippines which appoar in sufficient numbers
to warrant experimentation. 'Dux'ing cerfain 1:’1101113].15 of the year,
principally April and May, Ph:mlm:matomym crassirosiris Stein appears
to equal in numbers the ubiquitous s’oable‘ fly. .T]:us fact seemfad
sufficient justification to attempt to use this fly in surra transmis-
ion experiments.

Blo’?h?ispspecies, which has been previously reported from British
India snd Africa, is noted for its very peculiar mouth apparatus,

* which at first glance would appear to belong to a nonblood-sucking
form. It is, however, a very efficient blood sucker, as can be ob-
sarved from its engorged abdomen and the wound it makes on the
host's cuticle. It is very much like Musca domestica in general
appearance, but it has the general habits of the stable fly. It pre-
fors cattle for its infestation and for the egg deposition on the manure
of these animals. | .

Eight experiments were tried with guinea pigs in transferring
infection at an interval less than one mimite. From 6 to 36 flies
wero applied, when the infected animal’s blood contained trypano-
somes from moderate to numerous in numbers. In two trials 36
and 29 flies, respectively, were applied on two successive days.

One experiment at an interval of one hour between the bites was
attempted with 18 flies from monkey to monkey, and three experi-
ments with 2, 11, and 19 flies were attempted with a 24-hour interval.
* Only one experiment in the direct method of transmission proved
successful. In this trial monkeys were used during six successive
-daily applications. The blood of the surra monkey employed during
the six days contained trypanosomes moderate in numbers upon
four days and numerous to swarming upon two days. Fresh flies
were applied daily in the following numbers: 2, 25, 8, 17, 83, 19, a
total of 104 for the experiment. Only laboratory-bred flies were
employed in this experiment. o o ’ |

Six days following the last application of flies upon the healthy
host the latter suffered with fever and had a moderate number of
surra trypanosomes in its blood. Beginning three days later the
trypanosomes were found swarming in numbers until death, which

‘occurred 14 days after the onset of symptoms. Blood from the
(31)




heart of this monkey when inj ected subcutaneously reproduced the
disease in a guinea pig, which died after three months, and in a
monkey, which showed an incubation period of only three days.
The latter died ten days later in a greatly debilitated condition,
Death occurred during the night and a great number of dead try-
panosomes were seen on the following morning in blood from the
heart. A moderate number of “round bodies” were found in stained
preparations from the spleen of this monkey. |
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as mdicated in the following table:

masre V. —Erperiments in the direct method of feeding with hippoboscid flies.

LR

s . Time re«
. ‘ Cgfn&gg%n : | Length of | Interval | quired to
s | Tnfected animal | relative to Healthy animal Number |timefedon} during } complats

Dated |70 Mised. trypeno- nsed of flies surre host | feeding meal on,
- - somes * applied. | (avarage {average healthy
o e ] per ly). per fly). {host (aver-
present. age por fiy)
1912, . i : Min. sec. | Min. sec. . SeC.
June 13 | Guinea pigl27..| Scanty.... Guinea pig 2. .- k) 3 36 3 0 M 73’5’4
June 14 {..... 4 [+ P Numerous| Guines pig 94... D 3 & 2 26 -9 '8
June 15 |--... A0 cennnnen- Swarming | Guinea pig G... 6 2 0 2 5 4 50
June 16 j.-... T2 1« P B+ T Guinea pig I.-- 6 2 10 3 &0 8 0
June 17 \....- i Lo JRR. _.do......| Guinea pig Li... 8 2 12 2 20 4 40
June 17 1...-- do....ieee-- doo...-. Guinea pigM._..} B 2 0 3 a0 7 0
June 18 |.-.-. A0 cecavaen- ..do. .| Guinea pig O ..- b 1 48 1 0 7 24
June i8j..... Ao eoanann- doo... . Guines pig P.-- 8 2 0 1 30 7
June 18 3-.... do.reeaann. ..do......| Guinea pig Q... 4 2 0 4 0 4 15
June 19 [..... doeeeeinnn-- Numerous | Guines pig 89 10 1 40 3 50 9 12
June 19 |..... A0eeannnn-- SRS £+ JR Cninea pig112.._ 5 1 12 24 5 X
June 20 | MonkeyB...... edooae.s Monkey, M..... 10 4 0 2 30 80

Nors.—The flies used were discarded after each experiment.
43995%—14——3 .

(33)
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The experiments in the direct method of application were aug-
mented by a series of feedings on clean animals after the fljes Wwere
induced to feed on a surra animal whose blood proved by animal
moculation to be pathogenic. Thirty-three flics were fod three days
upon monkey B whose blood was heavily infected with trypanosomes
during each day of this period. On the fourth day and for 26 suc-
cessive days the flies were applied to clean animals. The two sur-
viving flies died on the twenty-seventh day of the experiment. The
table following outlines the results of the fly feeding tests:

TaBLE VI.—Fzperimenis representing the indirect method of applying hippoboscid Sies.

Average

Times since last feeding on surra host. Healthy animal used. ' Ii%légr (l)ﬁ rfr;le

) applied. each Ay

fad.
... Guineapig 03.___._........ e 19 Mmutes.m
--| Monkey C..._.... . ‘ 34 10
Monkey D _. ... 19 1
Monkey G..... . .17 o1
Monkey H__........ . - 93 1
Monkey I. . cooooiiiiiiiieiinanno. 50 11
Monkey J. .. ... 214 - 3 -

Monkey K. oo oo, 17 10
Monkey Lo ... e e eeerraean 14 13
Monkey M. oo 13 11
Monkey N .o it i 13 10
Monkey P . ... il 13
Monkey Q. ..o, 10 10
Monkey S...... o m e aeeaeananaan 7 3
Monkey 1. __ 6 12
Monkey 2... ] 14
X Monkey 3... 5 9
L deys. e Monkey 4. .. 8 13
19days. oo, Monkey 5. ... oo 5 16
A0 daYS. e cveaeennn Monkey 6. ooren 3 15
A i o T Monkey 7. oo 3 10
B AayS. L i . Monkey 8. ..l 3 10
A AaYS . e Momkey 0. L iiiiiaaa. 2 11
2 Ay . e Monkey 10 ..., 2 7
B R N T Guinea pig b0 ... b 10
R i ST AP do....enenn, et emeiiecreneaanaa— 2 7

‘With two bred flies a final experiment was attempted and no
infection resulted. As in the above experiment the flies were fod
three consecutive days on a sick monkey then applied once daily to a
clean monkey. Thirty-three days after feeding upon the infected
animal both flies were dead. Forty days after the experiment it was
apparent, by blood examination and temperatures, that all of the
animals bitten by the hippoboscid flies were free from infection.
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6. EXPERIMENTS WITH BLOOD-SUCKING GNATS.

Experiments in direct transmission with Culicoides judicaudus
Bozzi were conducted with captive flies. Ten experiments with mon-
keys and guinea pigs proved negative. Tn one trial from monkey to
monkey 326 gnats were used to bite both hosts on two successive
days, 200 upon the first day and 126 were applied upon the second
day. Inall of these experiments the gnats were applied individually
trom smoll test tubes. The insects were used once only, then dis-
carded. ‘

In one trial during six days the indirect mothod was attempted.
This Likewise proved negative.

Tn vegard to other similar blood-sucking forms one species which
is indeed ubiquitous during probably five to six months may be con-
sidered here, A Phlebotormus was observed upon many occasions to
~ enter the fine meshes of brass screening surrounding the stalls housing

experimental animals. Tnfected and healthy horses kept in these
stables were attacked in common and several instances were noted of
transfer from surra infected to healthy animals, No instance of
infection brought about through this means was observed during
three years of experience. ' ‘ ‘

In the field experiments with carabaos and horses, and with horses
“and horses, ample opportunity was afforded for the transmission due

to bites of thousands of Phlebotomus flies. Conveyance of the disease
in any instance did not result on this account.
(85)




7. THE ROLE OF MUSCA DOMESTICA IN SURRA CONVEYANCE,

The possibility of infection conveyed by the house fly in a passive
réle has long been recognized. In reference to trypanosome trans-
mission, it is presupposed that the method is correlated with g
previous skin abrasion affording the channel of entrance for the path-
ogenic organisms. Consideration of skin abrasions occurring through
injury or disease must include the mechanical openings effected by
various ectoparasites. The latter include such forms as the ticks,
gadflies, and stable flies. These parasites are important factors
ccmmensurate to the size of the openings punctured in the host’s
cuticle and which remain after withdrawing the piercing mouth parts

in satisfying the desire for blood. It is obvious that in the presence

of muscids with mouths constructed for lapping contaminated prod-
ucts unlimited possibilities for conveyance of surra from host to host
present themselves. |

The conveyance of trypanosome-infected blood by the house ﬂy

in the presence of abrasions produced through sores and wounds was
taken into account by early workers in trypanosomiasis of the Phil-
ippines. | -

Musgrave and Clegg and Musgrave and Williamson (1903) consid-
ered this as an important factor in the prevalence of surra.

These writers state that they transmitted surra infection to healthy

antmals through the agency of house flies, and more recently Darling
(1911) conveyed Tr. hippicum to the mule experimentally by means
of house flies. Darling concluded one positive and two negative
experiments with house flies fed artificially on the blood of an
infected guinea pig. In this investigation a few drops of blood were
placed on a glass plate, covered with a jar, and 18, 9, and 6 flies in
three experiments fed about 5 minutes, and after an interval of 30
seconds were applied for 5 minutes to the shaved scratched skin of
three mules. The positive result was obtained in the cass of the
mule infested with 18 house flies.

~ In the present study the investigation was pursued from various
angles. The purely mechanical method of contamination was not

considered until the more important biological relations were
exhausted. Only Stomozys calcitrans was considered as a correlative
factor in reference to the house fly as a carrier of infection.. In a
previous report (1912) I have described the intimate relations
existing in the feeding habits of the two species of flies. It was
pointed out that the coprophagous flies, and especially the house fly,
acted in a sense as secondary passive parasites by lapping to a point
- (36)
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of engorgement the blood brought to the host's epidermis by the
probing of the labium of the stable fly. It was observed under nat-
ural conditions that an unusual percentage of nonbiting flies were
attracted to domestic animals not alone to act their réle as scaven-
gers, bubt were found to accompany stable flies and gadflies to avail
themselves of the food provided through the wounds made by the
latter.

With this peculiar phase of parasitism in mind, experiments were
conducted to determine the relationship of Musca domestica as o
carrier of trypanosomes. It was aimed to prove first that this fly
could harbor infective organisms, and was determined satisfactorily
by numerous dissections and injections of saline suspensions of
abdominal contents of flies fed on the abraded tail of the surra-

infected monkey. Two guinea pigs and one monkey inoculated with

material of this sort sickened after an average incubation period and
died giving indications of the nature of the disease at autopsy.
Preparations of the blood of the three animals showed Trypanosoma
evanst in large numbers,

Attempts were made to simulate the normal relationship of para~
citiem in Musea domestica and Stomoxys calcitrans by placing many
{lies of the two species in a common bottle and permitting them to
attack the inclosod tail of a surra-infected monkey. Only laboratory-
bred flies were employed. Two hundred and fifty selected house flies
were allowed to lap the blood from the tail of an infected monkey,
upon which 200 stable flies had previously fed. The monkey’s tail
was withdrawn from the bottle when the majority of the house flies
appeared fairly well engorged. Then 200 clean Stomorys were intro-
duced into the bottle with the fed Musca and the tail of a fresh mon-
key placed within. Here the attempts to imitate natural conditions
were quite successful, the house flies applying their mouth parts to
punctures made by the stable flies. Similar experiments were con-
ducted with the two species of flies in ome trial from monkey to
monkey, and three trials, slightly modified, from guinea pig to guinea
pig. Large numbers of laboratory-bred flies were used, and the
‘infected blood donors in each instance were positive microscopically.

The five experiments were followed by negative results demon-
strating under these conditions that Musca domestica does not trans-
port infection through the channel afforded by the wound caused by
the skin-piercing apparatus of Stomozys calcitrans.

The possibility of surra infection being carried by the fly’s feet was
tested also. This was performed in the same manner with both species
28 in the preceding experiments, but with this difference-—the infected

Musca were introduced from a separate bottle, and by careful manipu-
lation of the wire support attached to the monkey’s tail the flies
were permitted to alight on the appendage, but were prevented from
teeding. Two experiments with monkeys involved the application of

4 P




~in these experiments:
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30 stable flies and 50 house flies in one instance, and 200 stable flieg
and 250 house flies in the other instance. | '

Guinea pigs were also used in three experiments with fewer flies.

The five experiments failed to demonstrate that the wound made
by the labium of the stable fly was a suitable channel for the intro-
duction of trypanosomes carried on the pulvilli of Musca domestica,

Finally to serve as controls to these experiments four tests were
made to.decide the question of the possibility of the punctures caused
by the bite of the stable fly serving as sites for the introduction of
trypanosomes in virulent blood. In these four experiments the bites
of 7, 8, 13, and 20 laboratory-bred Stomoxys were followed immedi-
ately by the rubbing in of freshly drawn virulent blood conveyed on
a plantinum loop.

The guinea pig inoculated subecutaneously with similar material
contracted surra. The four guinea pigs used for the fly biting escaped
infection. One of the latter reacted six weeks later to an injection
of the blood of the original blood donor, which died at this time.

The practical significance of the conveyance of trypanosomes ob-
tained by Musca domestica from the site of the probing of the stable
fly to exposed wounds was finally investigated. Monkeys and horses
were employed in this series. The house flies after apparent engorge-
ment of blood derived from the probes of stable flies were transferred
to clean bottles and the abraded surface of the monkey’s tail pre-
sented for the completion of the meal. The two horses exposed were
scarified by scratching the haunch with a sharp scalpel.

In transferring bottles and tubes applied to the infected host the
mouth of the vessel was carefully wiped with a cloth saturated with
strong alcohol. A few minutes were permitted to elapse before the
vessel was then applied to the broken skin of the healthy host. TFour
of the five experiments attempted resulted in positive transmission.
One monkey which escaped infection was later proved to be sus-
ceptible to subcutaneous inoculation of virulent blood,

- The table following shows how the animals and flies were treated

Ifosts employed.  Tlics employed. ‘ _ ' ,
c Fate of healthy hosls exposed to infestation of
— - - _ ‘ : Co Musea. ‘
Infected. Healthy. |Btomoxys.| Musca.
Monkey B...| Monkey L. . [OREE 22 | Posilive; ineubation period 4 days; died 10 days

later, ' ‘Trypancsomeés scen in blood from ear and

: : o from heart.

DOov.un.. Monlkey T.. 99 48 | Negative; died later when injected with 2 ¢, o. of
) blood. of horse 30, - : :

Monkey G Monkey R... 00| 29 | Positive; incubation period 3% days; blo'od from ear

_ reproduced the disense in 2 Cuines pigs. “Try-

. S a " banosomes numercus at death in 11 days, '

Do....... Horsc 28. ... 112 40 | Positive; incubation period 5. days. Trypano-

. . somes moderate—disease repraduced by injection

) _ of hlood into horse 27 and 2 guines pigs, Horse

- 28 died In 47 days. S, ‘

Horse 27.. ... Horse 30....| -08 - 82 | Positive; incubation period 6 days. Trypano-

. ) | somes numerous—reproduced diseaseby injection

of blood into Monkey T and one guinea pig.
Horse 30 died after 35 days.
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