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n. the .course of the Investigations, data were obtalned supporting the con-
cept that chiggers are the actual reservoirs as well as the vectors of chigger-

.borne rlickettsiosis. Thus, the infection Is maintained in nature by transovariasl

transmission of rickettsise from mother to offspring. However, the studies also
indicate that under certain conditions (e.g., reattachment, or occasional acqui-
sition of true Infection), chiggers acquiring R!ckettsla tsutsugamushi by feeding
on rickettsemic hosts, may actually play a role In perpetuating the cycle or
lnfoctlng snother mammal. As emphasized in some of the articles published under
these auspices, topography, geography and ecology. are each insufficlient to deter-
mine the endemicity of scrub typhus In any particular area in the continents where
the rickettslosis Is known to occur.4)Factors like geological history, “ecological

" islands," and the nature of the faung must also be consldered. Another Importent

factor Is the sequential ecological succession that occurs with the passage of
years after the terrain has been modified by man or nature, and whereby the kind
of local rats and chiggers vary accordingly.

Under this contract and .its predetessors, a total of 62 néw specles of

'chlggers were described. The more recent papers included a revlslonary one on

Helenicula, a major parasite of rats.
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FOREWORD

in conducting the research described In this report, the investigator
adhered to the "Guide for Laboratory Animal Facilities & Care,' as promul-
gated by the Commlttee on the Guide for Laboratory Resources, Natlional
Academy of Sciences - National Research Council.
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SUMMARY

Under this Contrsct, resesrch was carried out primarily on 1) the ecology of chigger-borne
riockettsiosis (scrud typhus); 2) the classification of trombiculid mites (chiggers), including
Imown and potential vectors of this infeotion; 3) corollary subjects which were by-products of
the above studies and 4) development of pertinent techniques. Of the 27 srticles published
with the support of this Oontract, 13 deal principally with the ecology of chigger-borne
rickettsiosis; 4 with vectorship of that infection; 4 with taxonomy and 6 papexrs treat other
ectoparasites or their hosts. One of the publications is an extensive and oritiocal review of
the ecology of scrub typhus and includes new and original ideas on the subjeot, This rickett-
siosis 1is considered to be intimately assootlated with wild forms of Rattus (Rattus) and
chiggers of the Leptotrombidium deliense complex. Both ecologicslly and geographiocally it is
restricted to areas where those particular mammals and mites co-exist. Chigger-borne rickestt-
siosis is not expected to ocour west of Bastern Iran, or in the New World, etoc. or in most of
the primary forest in 8., Asia, Our findings of such chiggers in the mountains of Ethiopia
re-opens the question as to whether sorudb typhus oocurs in Afrioca.

In the course of the investigations, data were obtained supporting the concept that ohiggers
are the actual reservoirs as well as the vectors of chigger-borne rickettsiosis. Thus, the
infection is maintained in nature by transovarial transmission of rickettsise from mother to
offspring. However, the studies also indicate that under certain conditions (e.g., reattach-
ment, or occasional acquistion of true infection), chiggers scquiring Rickettsia tsutsugsmushi
by feeding on rickettsemic hosts, may actually pilay a role in perpetusting the ocycle or
infeoting another mammgl., As emphasigzed in some of the articles published under thess
suspices, topography, geography and ecology are each insufficient to determine the endemicity
of scrub typhus in any particulsr area in the continents where the rickettsiosis is imown to
ocour. Pactors 1like geologiocsl history, "ecological islands,” and the nature of the fsuna
must also be considered. Another important factor is the sequential ecologiocal succession that
ocours with the passage of years after the terrain has been modified by man or nature, and
whereby the kind of local rats and chiggers vary accordingly.

The mass cultures of trombiculid mites prepared in this program were unique, and as many
as could be handled by the Army were supplied for future maintenance. The successful techniques
are being described in an article in preparation.

Under this Contract and its predecessors, s total of 62 new species of chiggers were
described. The more recent papers included a revisionary one on Helenicula, 2 major
prrasite of rats.
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INTRODUCTION

In essence, Oontrast No 0-0047 was a contimuation of the acarological aspects of Oentracts

ricleettsial research), and henoe this Final Report refers in parts to results obtained based

on the earlier studies and published during the temure of Contrast C-0047, It should also be
noted that at the onset of this Contract period, we were directed by the Army suthorities to
cease 2ll taxonomic work forthwith and restrict our investigations solely to experimental
studies on sorub typhus (chigger-borne rickettsisosis), wharess later, in the middie period,

we were sumnarily told to do just the opposite, i.e., kill off the colonies of chiggers we
wers using in experiments and solely undertake taxonomic investigations. In view of the sudden
and complete changes of direction, the long-rangs objectives could not be fully achieved, and
we still are working on some of the mamseripts.

In the bibliogrsphic citations in this Report, the designations after the reference
number indicate the following:

## pertains to work specifically done under this Centract, and by the scientists listed
herein.,

#* indicates studies accomplished with the partial support of the Contract, by us or our
colleagues.

# refers to other articles published under the amspices of the Contract.
@ signifies other Army-sponsored research, e.g. previous Contract, undertsken by us.

Unmarked citations refer to work by other investigators,
THE ECOLOGY OF CHIGGER-BORNE RICKETTSIOSIS,

A. BACKGROUND

1. In 1974 we published an extensive and oritical review of the ecology of chigger-borne
riockettaiosis (30"*). This presented & synthesis and analysis of availsble informatien,
including new and original material based upon work undertsken in this Contract and its
predecessors, as well as observations from the general litersture. As background for some of
the points made below, we cite the conclusions reported in that pasper,vie. -

#{1) The characteristic epidemiological features of ohigger-berne typhus, such as a
narked focal distribution of cases ccourring as a sharp outbreak in terrain of secondary
vegatation, etc., may all be explained in terms of the attributes of the veotor chiggers.

(2) The rickettsiosis exists in a wide variety of hebitats, ranging from semideserts
to alpine meadows and subartic scree in the Himalsyas, and from disturbed rain forest to
seashores. The endemicity in modified dipteroccarp forest may be compsrable to that in the
lalang on the periphery, depending upon time and place. The name sorud typhus hence is &
misnomer and is misleading regarding the type of endemic habitats that may be harszardous.

(3) All mown fooi are characterized by changing environmental conditions, whether
induced by man or nature as a sudden event (e.g., clearing of forests, landslides), or

gradual (changes along untouched fringe habitats) or oyclical (tidal szones, spring floods,
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slacial runoff).

(%) cChiggers of the lentotrombhidium deslisnss~-group are the main veotars to man and
perhaps to other hosts as well. 80 far as Imown, these chiggers are abundant wherever
this infection has been reported.

(5) Rats,particularly wild rats of the subgenus Rattus, are found in all knewn
endenic areas, snd they serve as prime hosts of [gntotrombidium througheut their native
l'ln”l.

(6) B8ome sart of transitional or secondsry vegetation is charssteristic ef all
terrain vhere outdreaks have cccurred, and is present in some foram in all lmown foei of
chigger-berne rickettsiosis, even if only a fringe habitat along streams in deep forest.

(7) The eonjunction of the L. deliense-group, wild rats snd transitienal vegetation
(such as grasses, herbds, secondary-growth trees and shrubs) is so intimstely connected
with this infection that, together with R, tsutsusapushi, these factors are regarded
s constituting the "soonotic tetrad of chigger-borne riokettsiosis" and are believed to
have evolved together as a biems,

(8) "It 1s believed that as Battus snd associated members of the subgenus Lepto-
frombidiug penstrated new areas and habitats during the peregrinations of these redents
through the eons, they gave rise to new taxa in the gourse of evolution. Many of these
becsme direct participants in the cycles of this rickettsiosis, dut as the chiggers
adapted to other kinds of hosts living in the paths of the emigrating rats, such
mamuals (end perhaps their own trombiculid fauna) became secondarily involved in the
ecology of the infeation (e.g., voles in the Himalayas and Jepan) and served to extend
its range.

(9) The role of other kinds ef chiggers is unclesr, but members ef Neotrombiculs,
Gehrliepis, ete., may prove to serve as miner vectors te man, or be fmportant as
intraszootic veotors,

(10) Naturally infected chiggers presumsbly constitute the main reservoirs of R,
Lsutsusamushi in nature, maintaining and perpetusting the oycls of infection by transo-
varian transaission of rickettsias from mother to progeny, especially in certain family
lines of wector species.

{11) Natural infection with R, tsutsusamushi is expected to ocour in any mammal
and presumsbly, bird whose habits bring them into contact with ground infested with
vector species of chiggers in endemic areas.

(12) While natural infection is widespread in a variety of thersphions, espeolally
ground-infesting species, it may be that rickettsiase from such hosts do not regularly
enter the epidemiological pisture. Thus, chiggers normally feed but once as parasites
and hence any soquired infection will not be passed to a 2nd host unless transovarisn
transmission to the next generation fs effected, or unless the chigger is exceptional and
not only will reattach to another host but actually sucoeeds in transmitting infection.
The laboratory data to date indicate that these events are unusual, but even so, if they
also ocour in nature, they may be significant in the ecology of this rickettsiosis becsuse
the enormous numbers of chiggers invélved may compénsate for the low rate of ocourrence.
Transovarisn transmission of acquired infection, even if a rare event, could result in
an inoreased nunber of family lines of infected chiggers, provided succeeding generstions
continued to effectively transmit the infection transovarially.

(13) Bven if they 4o not constitute true reservoirs of infection, rats, field mice,
voles, shrews, ground squirrels and tree shrews which come in contaot with the ground in
endemic foci sre nevertheless impartant in the ecology of chigger-borne rickettsiosis in
that they serve as important hosts of the L. delignse-complex, which thrive in such
habitats,
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{(13) Commensal rats and srboresl snimsls play little or no part in the ecology and
epidenmiology of this rickettsiosis, presumably becsuse their habitats and hsunts gaverally
preclude infestation with Laptotrombidium and interfere with the proper post-lsrval deve-
lopment of sush chiggers if they do Decome infested.

(15) Just as new endemic fooi may appesr when the ecological features of a habitat
are modified and mezbers of the soonotic tetrad becoms predominant in consequence, 8o
may endemicity -in existing areas wax or wane as looal oconditions affect the rodent amd
chigger fauns and the flora, with the passage of time. Several adjacsent fooci of seemingly
sinilar appearance, or even different sections of a "homogenesus® biotope, may thms vary
oonsiderably with respect to the particular phase of the oyole of chigger-borne rickstt-
siosis. JYor example, one portion may no longer be hyperendemic, or the components and
proportions of the chigger or rat population may differ because of this time factor.

{(16) The available but limited data suggest that there is no true sylvan sycle of
chigger-borns rickettsiosis in the strictly primery forest which deeply involves
indigencus “"white Letrombidium” snd Sahrliepis, etc., and rats of the subgensra Lenothrix,
Maxomys, Stenomys, etc. However, members of the L. deliense-complex and the subgenus
Rattus do ococur in restriocted suitable fringe habitats deep in the forest, e.g., alcng
gane tracks and by cliffs, and these may become numerous when conditions are modified, sas
shen trees are felled and secondary vegestation appesrs on a larger scale ar in new pockets.
BEyperendemioc fool may soon follow, and R. tsutsugamushi infeotion may become common in
R.(Maxomys) and R.(Jenothrix) and other "jungle rats" as well.

{17) Areas with utterly different topographic features, well separated by barriers
1ike deserts and wountain massifs, msy harbor "ecological islends™ and “oases® with a
relict population sharing major elements of the rodent and ectoparasite fauna and
associated infections such as chigger-borne rickettsiosis. These reflect conditions of the
geological past.

(18) Riokettsia tustsugemushi is significantly different from other membsrs of the genus
Rickettsia, and the similarities between them probibly represent convergense towards an
existence as intrssellular parasites with oycles in both mammals snd arthropods. On the
other hand, the so-called serotypes of R. tsutsugamushi represent divergent forms.

(19) The widespread distribution of certain strains, and the fact that some serotypes
may be transmitted by several species of Lepotrombidium lend support to the belief that
infection acquired from thersphions may de an important fastor in the oycles of R.
Lsutsugamshi in nature. However, there remains a great deal to be learned about the
propsrties of R. tsutsugamushi and their connection with the ecology of this rickettsiosis.

(20) PFPsunal surveys, utiliging as indicators the oconcurrent presence of the L.
deliense-group and wild Rattus (or theraphions already implicated elsevhere) are of value
in predicting whether chigger-borne rickettsiosis is endemic in losality or habitat. On
this basis, it is sntfoipated that this infection exists in umrecognized. fora in Turime-~
niya, northesstern Iran, parts of Soviet Central Asis and other aess bardering the mown
endemic regions. COryptozootic infection, or else enzootio infection ocoupled with an
occasional human case, is expected in the peripheral areas of this rickettsiosis, as seen
in Eores, Hokkaido, W, Pakistan, Tedzhikisten, etc.

(21) Ohigger-borne rickettsiosis is absent from the New World, nerthern USSR and ﬂ
Europe. More information is needed before its status in Africa and the Middle Rast
can be clarified.” '
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2. Additional points about the ecology of chigger-borns riclkettsiosis were presented in
soms of our other srticles (30%*, 3344, 31%

B. STUDIES OF THE ACQUISITION OF R. TSUTSUGAMUSHI BY CHIGGERS DURING THR FEEDING PROCESS.

1. Much of the work dons under this Contrast and its predecessors was concerned with the
fascinating questions as to whether chiggers could scquire Rickettsia tsutsugamishi while
feeding, become truly infected, and transmit the infection to the next generation. If so,
rodents, as well as naturally-infected lines of chiggers could serve as true reservoirs of
chigger-borne rickettsiosis. The results of our studies with uninfected lines of veotor-
species (Iedtotrombidum deliense, L. grenisols, L, fletoheri ete.) and suspected veotors
(Gphritepig (8.) 1iguls) may be summarized as follows, as per our 1975 article on the
subject (33#*),

1) “Although vector chiggers undoubtedly are important true reservoirs of chigger-
borne rickettsiosis, the following suggests that thersphions may also serve as a
wellapring for maintenance of the riockettsial oysle in nature.”

2) "Uninfected chiggers may acquive rickettsise while feeding on hosts with
rickettsemia, and such ingested organisms may at least survive for weeks. Transovarian
transmission to the next generation was demonstrated in one pool of ohiggers with such
acquired rickettsise. An appreciable number of chiggers may detach from their original
host, particularly if it dies prematurely, and successfully attach to a second host and
develep normally thereafter. In one instance, the chiggers that detached from the second
host still bore evidence of rickettsias acquired by feeding on the first ons, more than one
week earlier, Natural infection with R. tsutsugamushi is often common in a variety of
ground-dwelling theraphions in endemic areas. Vestor species may be extremely abundant on
such hosts, The geographic and ecologic distribution and host relationships of known
serotypes of R. tsutsugamishi do not corwvelate with those of the vector species of Lepto-
trombidium, There are conflicting laboratory data on the efficiency of the mechanism of
trensovarian transmission, even when the tests smre limited to using susceptible hosts to
feed naturally infected chiggers. There is no information available as to the source of
natural infection in generations of chiggers in the field, where there are many compli-
cating factors; for example, both immune and susceptible hosts may be infested with large
nunbers of chiggers in various stages of engorgement, representing several species of
Leptotrombidium, and inoluding both infeoted and uninfected individusis, with the
possibility that more than one serotype of R. tsutsugamshi is present in the pools of
chiggers. There may be marked genetic variability in chiggers with respect to the adility
to acquire riciettsise {and infection) by feeding. Similarly, there probably sre signifi- {
cant differences in family lines of chiggers regarding the virulence of the R. tsutsugam-
shi they carry and in the efficiency of the mechanism of trsnsovarian trananission,”

3) "More data sre required on most of these points before the existing questions oan ﬂ
be answered about the importance of theraphions as a sourae of rickettsiae to chiggers.”

PR ' N gl Lt : .
. Aiaginats - " S 3 «
] S A TR et - o B W mrem .




ST TR TR WS T TS N T AT T TR T T AR e TR

W—— N

-5-

C.L, WISSEMAN JR., M.D., PRINC. INVEST.:DADA17-70-C-0047 ™PROMBICULYD MITES (CHIGGRRS) AMD OTHER
) 4 A8 RICKETTSIAL INFEOTION,® (1 . 1 1DEC. 1 PIKAL RERPORT

C. THE POSSIBLE OCCURENCE OF CHIGGER-BORNE RICKETTSIOSIS IN AFRICA.

1. An important but unresolved questbn is whether this rickettsiosis exists in Africs.
There have been various reports oclaiming endemicity, but sinse they were based upon serology
of dubious validity, or purely upon clinical symptoms, they have not received acceptance (J0%#),
One srgument sdvanced ageinst such claims has been that no true leptotrombidium (Leptotrombidium)
chiggers had ever been found in Africs. However, in scarological studies supported by this
Contract and based upon travel accomplished with funds provided by the 0ffice of Naval Research
regarding murine typhus, we oollected two species of Leptotrombidium in Ethiopia, both new to
Seience, and one of them 1s a true member of the subgenus Leptotrombidium, akin to the L,
deliense-~complex of classisal vectors. The latter new species is gllied to suspeocted vectars
of chigger-borne rickettsiosis in endemic foci we had discovered in the Himalayas in our Army-
sponscred projects (vide 30", 358, 278, 208). Inssmuch as it has been possible to demonstrate
endenioity of R. tsutsugamushi wherever the tests were undertaksn in the presence of members
of the L, deliense-complex (30%*), there ncw is a more justifisble rationale for the belief
that chigger-borne rickettsiosis exists in Africa.

2. The new Ethiopian Leptotrombidium ({Leptotrombidium) was collected in the mountains
nesr Ankober, at 11,000 ft. elevation, from a variety of murine genera, including rats that
formerly had been placed in the genus Rattus. (As we have stressed (30%*) both serub typhus
and the subgenus Leptotrombidium are intimately assoolated with the genus Rattus,) Interestingly
enough, the Pakistan speoies which we described and which this new one resembles, is alsc a
high-altitude form (258).

3. Kotably, the fleas and rodents of the Ankober region are closely related to the fauna
of the mountains of southern Ethiopia and those of Uganda, Kenya, ete., the intervening vast
sreas of semidesert or low-lying rain-forest notwithstanding. It appears that these isolated
montane areas are "ecological islands” representing former eons when the overall climate
must have been colder, and the lower elevations covered with different types of vegetation,
than now. The situation seems anslogous to what we have hypothesiged for the isolated mountains
of southwest Asia (358, 248, 283, 30"*), It seems likely that “endemic" ectoparasite-borne
infections found in one area likewise occur in the others, as we showed was the case with tick-
borne rickettsiosis in Pakistan (1568, 168).

4. The second new Leptotrombidium belongs to a different subgenus and comes from the semi-
arid acacia groves of the Rift Valley, an entirely different hadbitat of & type found throughout
much of Africa, and with a rodent and ectoparasite fauna that have only a few elements in common
with those of the montane areas,

D, THE “ZOONOTIC TETRAD" OF CHIGGRR-BORNE RICKETTSIOSIS

1. Ve have stressed that in all known endemic fool of this rickettsiosis there is sn
inverisble concurrence of four factors: 1) chiggers of the subgemus Leptotrombidium; 2) wild
rats, especially of the subgenus Rattus; 3) secondary vegetative growth, in areas eof
changing conditions; and 4#) the etiological agent, R. tsutsugemushi within the Leptotrobidium
(30"*). It was also postulated as corollaries that the subgenus Leptotrombidium and wild
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forms of Rattus (Rattus) were recently evolved forms which were 80 intimately associated

with secondary vegetation that these chiggers and rats occurred only in such habitats, and
hence would not be found in true primary jungle (a much older habitat, with its own feauna

and flora). We have pointed ocut that where such chiggers, rats or this infection had been
reported in "primary forest," the investigators in question were sotually referring to

areas of disturbed or secondary forest that were desp within "primary jungle,” near settlements
of aborigines, or else were "fringe habitats," as exist along streams snd tracks. The point
is a fundamentsl one regarding evolution, googeogrsphy snd the distribution of related
infections, and we have been seeking data on this sqore in New Guines, since virtually all
accessible forested areas in 8.E. Asia have been modified by man. We have also expressed the
opinion that the subgenus Leptotrombidium arose in 8.E. Asias and penetrated the peripheral
areas, including New Guines, only relstively recently. The data from New Guines support these
various contentions,

2. Data have been obtained for two forested areas from Wau to Bulldog, south of Wam, *
along the central range of mountains., In each place there still exist large sections of
undisturbed forest. The third area, for comparison, consists of secondary forest or grasslisnd
near Wau. Certain species of mammals osour in all three foci, vig., bandicoots, tree possums,
Uromys tree rats, the murine Leptomys, and Rattus yers » & native forest rat that prefers
the marging of the forest. There were significant differences in the distribution of some of
the other murids. While Melomys were found in all three areas, the several species examined from
the Adelberts were not taken in the other two areas, and vice versa. Rattus niobe, another
native species, was the dominant rat in the high moss forests at Wam and Bulldog (about
2000m. ), but is spparently gbsent in the Adelberts (perhsps becsuse the maximum height of the
mountains there is equivalent only to the lowest level of the range of this rat). Rattus ruber,
a rat that was common in the grass and secondary vegetation at Wau and Bulldog, was rare in the
Adelberts and was taken only at the very edge of the forest, and then only seldom. Rattus
exulans, an introduced peridomestic rat found in grasslands and open secondary vegetation, was
collected at Wau.

3. Of these various murines, only R. exulans and R. ruber belong in the category of
"wild Rattus pattus” which we feel are 80 deeply involved in the ecology of chigger-borne
rickettsiosis, If our theories are correct, then in New Guines, as elsewhere, the vestor-
group of chiggers, namely Leptotrobidium (Leptotrobidium), should be restricted to those
two Rattus, and to the secondary forest near Wau, rather than the relatively undisturbed
forest in the Adelberts and along Bulldog Road. Such has proven to be the case, and the
latter two areas have a trombiculid fauna that differs fundamentally from that found in scrud
terrain. Even though the Contract has terminated, we are attempting to obtain additional
data along these lines, using other funds, and plan to publish the results,

E. TOPOGRAPHY AND THE ENDEMICITY OF CHIGGER-BORNE RICKETTSIOSIS,

1. During World War II (5,6), and until our Army--sponsored investigations in Pakistan
proved otherwise (26#, 248, 29%*, 30%* 3Las 358) it wes firmly believed that a glance at
the terrain in question, or even an aerial photograph thereof, would serve to immediately
determins whether sorud typhus was endemic in any particular Asistic-Pacific area, This
feeling was based upon the "characteristic" association of endemicity with secondary vegeta-
tion., However, as summarigzed by us in 1972 (34%%), our studies proved otherwise, as shown
by the following extracts:




e v

PP

-1.

C.L. WISSEMAN J'R.. H.D.. PRINC. Iuvxsr.:mmrr-'(o-c-oow “TROMBICULID MITES (GHIOM) AND OTHER

*{1) Despite fundamental physiognomic and esological differences and separation bdy
many miles, two areas may harbor virtually the same fauna of small animals and ectopara-
sites, e.g. the mountain-deserts of Gilgit and the coniferous faorests of the Kaghan Valley.

(2) 1In contrast, significant faunal differences, independent of altitudes, may ocour
within different parts of a region that appears essentially homogenous, e.g. the temperate
forests near the mouth of the Kaghan Valley and those 65-110 im further north.

(3) 'Ecologioal islands! gontaining fsunal and floral elements identical to those of
the mesic Kaghan Valley exist in scattered mountainous areas amidst the deserts, of W.
Pakistan, e.g8., in Swat, Dir and 01lgit, and it is believed that sinmilar refuges ocour
in neighboring parts of the USSR, Afghanistan, Nepal, Sinkiang, Tibet, etc. Biological
barriers, such as vast stretches of desert or semidesert, perpetual ioy peaks of mountain
massif ‘and broad rivers separate the areas in Pakistan, and hence it seems that. the
progenitors of these mammals and ectoparasites must have been present there before the
uplift of the main Himalayas and the creation of xeric hsbitats in the Pleistocene and
Recent epochs,

(4) Scrud typhus and tick typhus infections sre present in all of these types of
mountainous habitats, i.e., as "oasis scrub typhus" in the mountain-deserts of Gilgit,
a8 well as in alpine and subartic habitats in the mesic mountasins. The relict faunas on
the ecological islands may therefore be infected with other microbial agents associsted
with these .same mamnls and egtoparasites elsevhere, i.e., viruses of hemorrhagic fever,
tularemia, eto.

2. In 1968 we reported another reason why topography and ecology slone are insuffiocient to
determine endemioity (278), namely that. there is a notable time-fastor, and hence with the
passage of 5-10 years, terrain that superficially has remained unchanged in appearance may
have varied from a hyperendemic focus of scrub typhus to one that is of low endemicity.
What happens is that there are oyclical changes in the rats and vector species of trombiculids |
replaced by others, and these in turn may give way to different species in a few years (30%%),
As we stressed in 1972, (29%*) this phenomenon has not yet been adequately appreciated, and
hence misleading or erroneous reports have appeared in the literature, as when one group of
workers report that their predecessors erred in ssying & certain species of chigger or rat

was predominant in a perticular foocus, or when investigators oompare the endemioity of a foous
today with one for an area that was reparted 10 years ago, not realizing that the latter may be
currently very different. It no doubt was this time-factor that accounted for the dearth of
vector-Leptotrombidium in the classical fool in the gold-fields of New Guinea and their
gbundance in new areas there, where the presence of serub typhus had never been previously
suspeoted (22%).

¥We have been usenbling data oxi these points as to how topography alone cannot be used to
determine endemicity with chigger-borne rickettsiosis and plan to publish an article thereln.

P. OTHER STUDIES ON CHIGGER-BORNE RICKETTSIOSIS

With the partial support of this Contract, we organized a Colloquium on the zoogeography
and ecology of ectoparasites, their hosts and relsted infections at the Second International
Congress of Parasitology, Washington, D.C. (1970). Inocluded in the Colloquium, snd published
in 1972 with our sponsorship and suspices as Baitors (23%*) were the following srticles on
sorub typhus: Traub et al (34**),,Traub and Wisseman (29™*) Boise (7%*); Asanuma et al (Uf)
Kitaoka et a1l (9F); and Kitaoka (10F)., Another pertinent publication was the chapter we
prepared on sorudb typhus (36®) in a standard text on tropical medicine,
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HISTOLOGICAL STUDIES ON CHIGGER ATTACHMENT,

A preliminary report on the host reactions at the site of sttachment of the chigger was
published in 1972 (7**). Therein it was pdinted out that the cellular environment (e.g.
nacrophages at this site may be of consequence in the transmission of R. tsutsugamushi
both to and from the trombiculid mite. 4 paper on the details is in preparstion.

TECHNIQUES OF RRARING CHIGGERS.

A. After the Contract funds were terminated for the support of studies on the transmission
of_R. tsutsugamushi, we managed to utilige other monles to keep the most valuable of those
unique colonies going for more than & year, until such time as the Walter Reed Army Institute
of Research (at Forest Glen) was ready to receive and maintain them. These were the first
mass opltures of chiggers ever established, since the methods for coloniging chiggers in
other lsboratories were based wholly upon the use of small containers. In oconjunction with
the Army scientists, we are writing a paper on the methods.

TAXONOMY

A. In a revision of Helenicula of the 01d World, we dealt with 28 species, including
nine which were new to Science (14**). These chiggers are one of the major groups infesting
Rassus and hence they sre of especial interest. Diagnoses and illustrations were presented
for sll the species, along with & key for their identification. In the discussion on epidemi-
ology in this artiole, it was pointed out that birds may de important in transporting these
and other chiggers of rats over vast distances, e.g. Nepal-Pakistan-and Africa.

B. The genus Guntherans 1s one of the major taxa of trombioulids on rats in New Guinea,
and new species are still being collected. We described three such (13%*) and have more on
hand. Additional New Guinean chiggers were also desoribed in another collaborative project
(11*). Becsuse of the military importance of scrub typhus in Vietnam and the need for
Army entomologists to lmow which species of chiggers the troops were encountering, we prepared
a8 Report on the chiggers known to ocour in Vietnam, Written in collaboration with M.
Nadchatrsm of the Institute for Medical Research, Kuala Lumpur, this Report was made availadble
to the Army in unfinished form because of the urgent need for the dooument. It included
disgnoses, keys for the identification of geners and species, illustrations of cardinal features,
notes on hosts and hadbitats, etc., and served as the basis for the 1974 paper by Nadchatram and
Dohany (12%).
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C. As the result of an ectoparesite survey we sponsored in Nepal, it was learned that
of the 57 species of chiggers colleoted, 16 (28%) were leptotrombidium, and of these 10 (62%)
were new to Science (26°). Namusoripts are in prepsration on this material, and descriptions
are also being readied on the new taxs from Bthiopia. Under this Contract and its predecessors,
a total of 62 new species of chiggers were desorided with the Principal Assistant as co-suthor,
namely 12 and 50 respeotively.

It is emphasized that no Contrast funds were used for travel to Ethiopia, Nepal, New
Guinea, etc. The opportunity for collecting there arose becsuse of other projects, with
mutuslly sdvantageous results.

. OTHER RELEVANT STUDIES

A. Othed publications by colleagues based upon the Army-sponsored field-work in Pakistan
have appeared, e.g. two by Allred on mesostigmatid mites (1%, 2%), and two articles on mammal-
hosts (17%, 18%),
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POOTNOTEY In the bibliographic ocitations in this Report, the designatiens after the reference
mmber indicate the following:

% pertains to work specifically done under this Contract, snd by the scientists listed
herein, !

® tndicates studies sccomplished with the partial support of the Contrast, by us or our
oolleagues.

# refers to other articles published under the suspices of the Oontraot.
@ signifies other Army-sponsored resesrch, ¢.g. previous Contrast, undertalan by us.

Unmarked oitations refer to work by other investigators.




0.L. VISSEWAN, JR., W.D., PRINC. INVEST,:DADAL7-C-00W] “TROMBIOULID MITRE® (CHIGGERS) AND OTHER _

BOTOPARASITES AS VEOTORS OF RICKETTSIAL INFEOTION,* (1 SKPT. 1 1 DEC. 1 FINAL i
PERSOMNEL j
£ OF SALARY :
% PAID UNDER

NS . o9 ~CowTROL DaTEs

noesz, 3. 1008 . July 1969-dug. 1973 1

BRYAN, V. L 8og (Throughout)

IRENNAN, L.G, 1008 100% April-July 1970 only

FEITY, C. 1008 1008 Oct. 1971-8Sept. 1973

LANRENCE, J.. 2008 1008 Nov. 1972-8Sept. 1973

MALIKUL, P. 508 508 Paid only in Dec. 1971 and May 1972

O'KRKPE, J.J. 1008 100% From onset in June 1969 to auy 1973

508 508 July 1973-Nov. 1976
SHIPIXY, 8. 1008 1008 June 1972-Sept. 1972 only
SMITH, 8.R. 1008 100% FProm onset through Apr. 1970.
| TRAUB, R. 508 20-25% (Throughout )




12 Copies

4 Coples

12 Coples

Director (ATIN: SGRD-UWZ-AG)
Walter Reed Army Institute of
Research j
Walter Reed Army Medical Center 4

“HQDA (SGRD-S
fnorl: trtekn

Frederick, M 21701

Defense Technical Information Center (DTIC) |
ATTN: DTIC-DDA

Cameron Station
Alexandria, Virginia 22314

Dean

School of Medicine
Uniformed Services University
of the Realth Sciences

4301 Jones Bridge Road
Bethesda, Maryland 20014

Superintendent
Academy of Health Sciences, US Army
"~ ATTN: AHS-COM
Fort Sam Houston, Texas 78234




