Filariasis and elephantiasis in Fiji ; being a report to the London School of
Tropical Medicine.

Contributors

Manson-Bahr, Philip Heinrich, Sir, 1881-
London School of Hygiene and Tropical Medicine

Publication/Creation
London : Witherby, 1912.

Persistent URL

https://wellcomecollection.org/works/bmpvjmxk

Provider

London School of Hygiene and Tropical Medicine

License and attribution

This material has been provided by This material has been provided by
London School of Hygiene & Tropical Medicine Library & Archives Service.
The original may be consulted at London School of Hygiene & Tropical
Medicine Library & Archives Service. where the originals may be consulted.
Conditions of use: it is possible this item is protected by copyright and/or
related rights. You are free to use this item in any way that is permitted by
the copyright and related rights legislation that applies to your use. For other
uses you need to obtain permission from the rights-holder(s).

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org










LSHT



Digitized by the Internet Archive
in 2015 |

https://archive.org/details/b21356658



FILARIASIS
AND ELEPHANTIASIS
IN FI1JI










A0V SYM SNSNID IYIHYTIE ¥ IHIHM S30W1d IHL SHHYW +
mu_mu.. |HE_..‘.‘|._ hﬁ--.‘.. .u_‘.!__.-u. -_t..u H!‘E._Eiﬁ.a TR EEAE W, ST CITELPRTY NEDE W SRS
| «BLI T om SRR T PR B IR ML Y RS A ..mm_.... W
i - [ T I I ; g
_ I _ NMNLY I . ‘ “ |
| Fi ) m v FAY O MY o . h
“ 2 _
+El} = . ! 20101 ] e e = e == S
2l " wvawal | vAQica oNG 3 - =4
3 7 e il
= b .
(] - ==
o o = el
o CR L1 n\mwv =4
2 |
IU+ . _
Z vawannht ¥ T o _ i
E _ & [ | |
| | |
- 5, Yol Nl L L st} "
i GETETTIR _
1 | 1
) v
IHLIHL ) [ o]
ul _._.-._.. s |
| DoomvM ¢ : M. _
(=3 W | L |
=) <" OHOM Fasleg
o e +. - s = D ._.._.....___.mu B
AAYIVE WANYALL| i . _
| 2 = ILIAYH o [
2 | & . ] m
I e — - - 1 - " e e _ — |
u A 7 .....a_m _._._.t.m, i IV r.-_.\ Q [ _
A ___\ ..“.._._._.uh,_ = .\ Taeng 20 - mibmuwmw .w_n...r | _
} - - L N8 ek ]|
VIVIOYIIv M - ._u_”.ﬁwn_r\\ .ﬁ,ﬁfirx..\\fl]fl_ﬂ .\.\{_l_ _.?u_.,., | YNONYL ¢
e = | AN KAAVONYA[ )
- voiu (3 e R e
“ lll.ll .‘... .ﬂl .ﬂ..' .. ¥ i .‘ = . i i |
_ .u- Mﬁ I_uc.ﬂ.\\\.h. Fted it . P -ﬁuh
. IB WYY L el ll!, St _
. et e FLE LI0 ROF ALFSIOVN HIN 24 JFQID i)
[ 1 TR TFr ™M | |
SANVISI 1IrI1d &
| 3 Izl
l —— —r—r— — et | SIS - — e - - - ——— — I —— —_—— - ——
k. i, LT ofill 081 #BLI 8L aldl _




FILARITASIS
AND ELEPHANTIASIS
IN FKlJI

BEING A REPORT TO THE LONDON SCHOOL OF TROPICAL MEDICINE.

EY

P. H. BAHR
M.A, M.B, BC., D.T.M.&H.Cantab., M.R.C.S, Eng., LR.C.P., Lond.

WITH MANY COLOURED AND MONOCHROME PLATES, NUMEROUS

CHARTS AND A MAP.

Lowpox :
WITHERBY & CO. 326 HIGH HOIL.LBORN W.C.

1912,






List of Appendices ..

List of Illustrations ..

Text
Appendices

Bibliography ..

CONTENTS.

PAGE

vi.

vii.

pp- 1-82
pp. 83-190
p. 191



VIL.

VI1I.

.
XI.

XII.
XIII.

XIV.

LIST OF APPENDICES.

Temperature and rainfall in Suva, average for ﬁfr{mn years

Variations in number of nucu:h]armu found in consecutive examing-
tions of the same peraons S

Microfilaria rate at various ages. Alales

Mierofilaria rate at various ages. Females

Details of cireumstances under which adualt ﬂtmm-rl are (Iwcm crrh{l

Percentage  tables, relation of mierofilariae to lesions  associated
with their presence

a. Microfilariae present, no ‘Ell-ﬁﬂs of disease.
i, Alierofilariae associated with clinical signs of disease,
e, Microfilariae absent, clinical signs of disease present.
.  Value of epitrochlear gland in diagnosis.

Table to show proportion of those with microfilariae in their hlood,
without clinical signs of filarial disease, to the total number in whom
microfilariae were found. £ S o ‘- - .-

The number of microfilariae in the blood, no indieation of severity
of the lesion.

FLITANE,

Eosinophilia

A.—Microfilarias, no ova nf 1|11¢al1|m1 |mms;|l|:-s

i.—NMicrofilariae, ova of intestinal parasites present.

C.—MND mi:-m!ilurim:-. no ova of intestinal parasites.

p.—No microfilariae, ova of intestinal parasites present.

E.—Frequency of intestinal parasites in Fijians.

F.—Eosinophilia in elephantiasis.

G.—Periodicity in eosinophilia in F. bancrofti and F. loe, infections
and Chart of F. I
—-Eosinophilia in other forms of flarial dizcases,

I.—Eosinophilia in elephantiasis (a) without microfilariae in blood ;
(b} with mierofilariae in blood,

EUROPEANS.

J.—Europeans born in (_‘nlnu:,' withont microfilariae.

E.—FEuropeans borm in Colony with microfilariae.

L.—Europeans born in Colony with signs of filariasis, but no micro-
filarias,

PAGE
B3

53
Hd
B
=ik

H5-10

L
a1

02-114

Dietails of cases of orchitis and lymphangiris 115-119

Periodicity (o) Fijians, (8) Indians, (o) Hu]n::u:lmu Islurulms, U}] Euro-
peans,  Charts 1.-XX.

Temperatures during months in w hich transmission Eax|wnmr~ula with
various species of mosguito were made

Development of filariae and measuremoents ut- d1lfl:lﬂ}u!, :e:t-ugl:ﬂ of

118-131
132

development . . o A e i et i 138=-145

(a) In Culex farr_.-mr,ar

() In Stegomyin peewdoscutellaris.

(o) In Stegomyia fasciota.

(0] In Culex jepsont.

{a) Showing numbers of microfilarize imbibed by individual
mosquitons, o

(r) Showing ‘that E:—rul:tlr.ull}r all rn1r_r1:|-ﬁ|urluu mgﬂ‘stﬂ] (Ievnlup in
the thorax of Stegomyia pseudocutellaris

() Showing numbers ;m.lm,h]e of being t.ra.n*.mlt-tﬂr.l f.hrmlgh one
]::lu:n-.qlutn s -

+

i,

146
147
148



ArrENDICES—eondinued

PAGE
XV, Measurement of microfilariae in the blood | . . 1449

XVI. Post-mortem on a case of filariasis, mwmﬁ]nrmu w |ll1mlt pr-rm:ht ity
present in the blood | o .. A i ]4“

XVII. Inequality of (Ilﬂtr'tlmtmn of I"lnrmql;-; in FI]I - 150-15

XVIII, Tahle of g]un:]ulur enlargement associated with cases nf f‘ll’*t}hﬂntlﬂﬂlq
in different regions of the body .. T i o 5 157-15%9
XIX. Details of cases of filarial abscess .. 5 - o 159-161
XNX. Details of cazes of hydrocele and enlarged tesbes .. o 161
NXI. Details of cases of fugitive swellings resembling Calabar Swellings .. 163
XXII. Details of eases of thrombosis s = s S o .. 163
XXIII. Details of enses of synovitis . . .. 164
XXIV. Investigation on enlarged glands (1) Epitrochlear, (2) Groin glands 165, 166

XXV. Details of case of recurrent orchitis with appearanee of microfilarias
in tunica vaginalis and ehart £ 170

XXVI. (i) Details of eases of filarial fover, (B) Post-mortem on a F':_]mn who
. died after an attack of filarial fover . 172, 173

XXVII. Details of cases of soptic infection fnllm!. ing on illm‘ml invasion of
the lymphatie glands i e S g i 175
XXVIIL. Cultures of lymph from alaph;mt.m{l. t:|~=..-=:||.a " 177

XXIX. Details of cases of filariasis and elephantiasis in Europeans, and of a case
of lymphatic cedema in a Fumn o 178

XXX, Details of dissections of tissue in eloplmntmsﬂ seroti, and 1Ju-t martem
on 2uch a ease a0 .. 18R
XXXIL  Experiments with microfilariae in different sera and solutions _ . . i 182
XXXIIL . Details of action of various drugs in vive and eharts of four eases .. 184

XXXIIL.  Detailed observations on Stegomyia  pseudoscufellaris, its habitz and
larvae .. e S e il it i i = 188-190

LIST OF ILLUSTRATIONS,
PLATES.

1 Mierofilariae in the act of uncoiling in their chorional envelopes oz = 10

2 Large lymphatic gland from a case of pedunculated groin glands ; vide also
Photograph VI1I.—({Coloured) e . : = A .. Iacing 10
4 Section of a filaria in lymphangitis of the forearm i e . . 14
4 'Sfl'ﬁl?m_ﬁﬁ pseudoscutellaris. I:L:}qumdj i 5 i o .. facing 15
& Culex jepsoni. (Coloured) .. i o5 .. facing 18
i Development of alimentary eanal in  the filarial larva .. 14

T Bection of thorax of 8. peendoscutellarie two days after fp:'dmg on rnmml!"lurm-
infected hlood ; 20

8 Bection of thorax of 8. ;mmdmrumﬂm'm four (lﬂf}r% after feedmg on mierofilaria-
infeeted blood ol 40

# Bection of thorax S. jmsrrdmweﬁ'aris ten days after fm:-ding on microfilaria-
infected blood e L L i a1
1 Filariae in proboseis on the ﬁit.eanfh da:.' uf dl.‘".ﬁlﬁpiu{'tit- iy 3 i a9
11 Degenerate and chitinified filaria in mosquito’s thorax, ., it i a%
12 Infection of Stegomiia peendosentellaris, with two broods of filarioe ag

13 Camera lucida drawings of different stages observed in development of the
larval filaria in the moscuito ag

14 Camera lucida drawings of terminal lm.p:tlaa of the larval filaria w hen ruuy
developed in mosquito ; X - 4 e : 31
15 Entrance of filaria into skin of human h:}ht- S ot A0 i i 33
16 Stegomyia pseudoscutellaris in act of mmkmg . a s - o a4
17 Microfilaria showing contral cell mass, (Coloured) i 1 .. faeing 36
18  Adult female filaria on seetion in groin gland -1 o 0 o = 42
19 Details of a female filaria on section, highly magnified .. S 44
20 Enlargement of epitrochlear glands in natives, traced from I}hntugmplﬁ 5o 43
21 Caleifying filaria in dilated lymphatic trunk ; 25 e i i 1]
22  Seetion of ealeified filaria in the epitrochlear glum.l ae S il % 54
23 Section of female filaria in an abseess = o A i A
24 Thickened lymphatic vessel containing dead filarine ] s n o a7

vii.



| PraTes —continued.

PAGE
! 25 Fibrotic changes in epitrochlear gland owing to filarial invasion, and seetion
of dead filariae in groin glands. e il
26 Showing dead filaria and -Emhr_',. oE In r'!n;t.rm;hlpnr glnml nnd |m{.lm]¢Em“I.
changes on seetion .. G3
27 Macroscopie section of enlar ged groin g[micl to show contrast betwsen
cortex and medulla. (Coloured) .. facing 2
28 Changes in mesenteric and lumbar glnml-ﬁ [mm n |:|ﬂ,t;|r=]'|t t.lm subject of
attacks of filaral fover s G4
20 Dead filarin in epididymis of a Fi I:J:Il'l.l'l the quh_]r'ot {:nf irr'qlmnt nt,mclm nf filarial
fever. (Coloured) .. . facing Gid
30 Eosinophiles in section of hlnrmtwl Iymplmtm "Iu.ml {E:ulnzmmd: .. facing i
31 Epididymis, caleified filaria in vasa -:hlt'a\mul,.u'; poes HE i i il
32 TUterus of dead filatia and appearance of gland on section : saptic infection
supervening in a filariated gland X 0
33 Section of dead filaria in the tissue of -::11.1[:-hunhnmq seroti o I 5
34 Filaria inunitis on gection in superior vena cava of dog . o o e T
PHOTOGRAPHS.
1 :'l.l'u"ru|||mtu-rm||h of soctions of Stegomiin paeudoscutelloris infected with larval
filariae, cighth day. {Hot weather) i Lk 3
a2 "'I-[u:‘ruplmtrlﬂrupll of zections of Stegomiyic j-:sr‘urfﬁm‘ﬁfﬁ!'frwm imnfe Eh:'d 'u.|!]'| lary n.l
filarine, twelith day. (Hot weather) .. 24
3 Microphotograph of seetion of Stegomyia parnr!’mmfﬂ'.’un#. eleventh l:]ﬂ}’
after infection (Augunat, cool weather) to show slower rate of development
ohserved in the cool months e e
4 Microphotograph of two filariao leav mg the 1m1-hn.-.c1-: of 'rnn-':qmtn a2
5 Elephantiasis of both arms, showing lymphatic swellings above the internal
condyles a . i o 46
G Elephantinsis of UJJLL ul‘m, 1.'. :|.l.-h. d:wmmnmum: ﬂf unst j:}mt 5t =T 47
7 Pedunculated sroin glandz and double hydroeeles | | i o & o 48
8 Enlarged mazses of glnmlﬂ in the groin & o i i o e 40
0 Microphutograph of commencement of caleification in a female filaria
removed from epitrochlear gland | 52
10 Caleifying female filaria removed frnm dilated l}fn:plml-lc tﬁmllﬁ a3 1"] "\\1' 'F 52
! 11 Mie mp}mlurrmp}: of ealeified filarin in efferent ]ymphutm veasel. (Dr. John
| Bell, Hong Kong) .. -z 5 “n 1:'3
| 12 Enlarged microphotograph of thr' RTINS, [1]r Tn}m Hnll} : i
13 Aierophotographs of sheathed and unsheathed mierofilariac in hj.l'th‘m‘ﬁli" ﬂll'ld ]
i 14 Casze of hydrocele associated with elephantiasis  seroti, 1w hich great
[ numbers of ealeified filariae were found in II}-'IJI"I}GI-D'IH z=ne at operation e ]
| 15 Elephantiasiz seroti in which a dead filavia was found at operation .. S T4
| 1 Farly case of ol plmﬂlul.-la seroli i T4
17 Breeding place of Muwnum fm-:rr-:foscm‘fﬁum a ‘brackish creek at anﬂ--
Lioma an . 4o o & i A .- . . 20
|
|
|
|
|
|
vin.

r——-



FILARIASIS AND ELEPHANTIASIS
IN FIJI.
B::ing a Rtpurt to the London School of Tmpif;al Medicine
by

P. H. BAHR, M.A., M.B., B.C., D.T.M.&H.,Cantab.,
M.R.C.S..Eng., L.R.C.P., Lond.

The researches detailed below were carvied out in the Fiji Islands
during the year 1910, and were made possible by a grant of £500, generously
placed at the :1H|:|u'm1 of the London School of Tropical Medicine by
Lord-Sheftield for tropical research.

The subjects chosen for investigation by the Committee of the Tropical
School were ;—

(1) Elephantiasis and filarial diseases
(2) Epidemic and endemic dysentery
the two important diseases of the Colony.

The author of this Paper was chosen as the representative of the School.

A complete laboratory outfit was acquired, at a total cost of over £200,
A first-class passage for myself and a second-class for my assistant to
Sydney were given by the P. & 0.5.N. Co., and free passages from Sydney
to Fiji for myself and my wife by the Union Company of New Zealand.
To both these steamship Companies my best thanks are due, and also to
E. W. Blessig, Esq., of Bletehingley, Surrey, for providing me with
£300 for skilled laboratory assistance, thereby cnublmg me to economize
my time and to extend the seope of the work.

I arrived in Fiji on January 12th, 1910, and started work in a laboratory
constructed on the verandah of a house which was leased for a vear.

The Fijian Government, at the suggestion of the late Governor, Sir
Everard im Thurn, K.C.M.G., C.B., and with the sanction of the Secretary
of State, appointed me Honorary Pathologist to the Colonial Hospital,
Suva, at an honorarium of £100,

I wish to acknowledge my indebtedness to the Government in giving
me an official status while in the Colony, for without this any extended
research would not have been possible. I was thereby afforded every
assistance from those officials and native chiefs with whom I came in
contact. Moreover, I was enabled to visit, in a Government cutter, the
islands of the isolated eastern group (vide map), where elephantiasis and
its associated diseases are rife—a journey which, under ordinary circum-
stances, would not have been practicable. By the advice of the Chief
Medical Officer, the Hon. ;. W. A. Lynch, I was given the assistance
of a native medical student, Jesse by name, who possessed a knowledge
of Lnglhh, and who was invaluable in dealings with the natives and in
interpreting their language.

The researches being more or less complete, I left the Colony on February
21st, 1911, and, travelling via Canada, reached London on March 28th.
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I wizh to acknowledge my thanks to all the officials of the Fijian
Government with whom I came into contact, and with all of whom 1
have preserved the most friendly relations. Their kindly sympathy
and aid in Suva, and especially in the isolated districts, were of the utmost
value to me. To the Medical Staff of the Colony my best thanks are
also due, particularly to the Hon. G. W. A. Lyneh, the Chief Medical
Officer ; to Drs. E. Prideaux, J. F. Smalley, F. N, Smartt, of the Colonial
Medical Service, and others for their great interest and assistance in
enabling me to collect the data detailed below. More especially I wish also
to acknowledge my indebtedness to Sir Patrick Manson, K.C.M.G., F.R.S.,
for many suggestions of great value, freely given during the course of
this investigation, and especially for his assistance in the arrangement
and writing of this Paper; to Dr. €. W. Daniels, late Director of the
Tropical School, and to Dr. R, T. Leiper, who has critically examined many
of my specimens of adult filariae, and whose valuable commentary on the
subject he has permitted me to incorporate with this report; to Colonel
Aleock, C.LLE., F.R.8., who has identified the mozsquito intermediaries for
me, and to Dr. G. C. Low for useful criticisms and aid in my study of the
past literature of filariasis. to the Nursing Staff of the Colonial Hospital,
Suva, for assistance in collection of blood specimens at night-time,
I am also nnder heavy obligation. 1 should also like to acknowledge here
my thanks to my able and conscientious assistant, Mr. W. J. Muggleton,
to whose care and industry many of the sections illustrated in the text
are due, and also to Mr. Robert MeKay, of the London School of Tropical
Medicine, for "his assistance with the microphotographs.

Before proceeding with my report, it seems advisable to say some-
thing about the country and the people it refers to.

Fiji comprises a group of about 250 islands, of which only the larger
are to any extent inhabited (vide map). These latter comprise the islands
of Vitilevu, Vanualeva, Taveuni and Ovalau.  The total area of all the
islands of the group is about equal to that of Wales. The more important
islands are of voleanic origin.  The mountains in the centre rise to 4,000
feet, and are clothed to their summits with dense vegetation. All the
islands are surrounded by coral reefs. The distance from the most
westerly to the most easterly islands of the group is about 300 miles.

The aboriginal natives, or Fijians, belong to the darker of the Polynesian
races and number, all told, some 87,390. There is also a large East
[ndian population of 35,406 ; these are mostly imported coolies, under
indenture, and living on the coconut, banana and sugar plantations.

The population also comprises some 3,393 Europeans, 1,854 half-caste
Fijians, and 3,000 imported labourers from the Solomon Islands.

The large Fijian and Indian populations do not intermingle much,
intermarriage being almost unknown, Hardly any Solomon Island
women are imported ; the great majority of the Solomon Islanders
eventually return to their own islands.

In the Fiji group, as in many other Pacific islands, there are mountain
and coast tribes. These used to be in a state of perpetual warfare with
each other, and did not intermingle; since the establishment of the
Pax Britannica in 1874, this barrier to free intercourse has been broken
down.

The Fijians are now to some extent civilized; but, although they
profess Christianity, it cannot be said that they are Europeanized to
any great extent.
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The chief towns are necessarily the chief ports. Suva, on the large
island of Vitilevu, is the present capital, and is the seat of Government.
It contains 1,112 Europeans, and a variable number of natives and
other races. Levuka,® on the island of Ovalau, is the old native capital ;
its population is about 450 I*:umr.-n.‘:l:m

The rainfall is a heavy one, and varies in different parts of the islands.
In 1910 it measured 107 inches in Suva. The greatest daily rainfall
recorded in one day is 26:50 inches. The rainfall is extended over the
whole year, but is 1.,:5'111-.-51, in the hottest months.

" The climate is cool for the tropics. The hottest season extends
from November to March., The highest temperature, 96°F., recorded in
1910, was in February ; the lowest, 61°F., was in July. In Appendix I.
a table will be found giving the mean maximum and minimum
temperatures, together with the rainfall, for the last fifteen years.

Hurricanes and gales occasionally occur and do great {|=1||'|¢|;_.i* A
disastrous hurricane swept the islands of Vitilevu and Ovalau in March,
1910, and did great damage in Suva.

There are a great many rivers in Fiji. The most important are the
Rewa, Navua, Singatoka, Nadi and Ba rivers in Vitilevu.  On the alluvial
flats are situated the chief sugar fields. These are artificially irrigated,
and are worked- by the Indian population. In Vanualevu there is one
important river, the Labasa, at the mouth of which is situated a sugar
plantation and a mill.

Inter-island communication is still very primitive, and is carried on
chiefly by small steamships and cutters.

There are few good roads; inland communication is mostly effected
by native paths.

The banana and coconut plantations, the latter mainly in the islands
of the eastern group, are situated along the coast lines.

The native Fijian population, being in the main a maritime and fishing
one, is located principally along or near the coast. There are few large
towns in the interior.  The natives of the eastern or Lau group (vide map)
are the most prosperous, a large admixture of Tongan blood being found
there.

The food of the Fijians in their native villages consists almost entirely
of vams and dalos (Calocasia esculenta)—hboth starchy foods, and of native
fruits and fish. In the centres of civilization they are fond of tinned
meats, especially salmon when they can get it.  With the exception of the
pig, which has run wild, the Fijian rarely keeps any domestic animal.
The Indians live to a great extent on rice.  This they cultivate in the
vicinity of their settlements, which, in many instances, they contrive to
occupy after the term of indenture is finished. The Solomon Islanders
are the best labourers in the group, and are employed mostly in the
coconut plantations.

The natives wear no headgear, but are very proud of their upstanding
curly hair. They wear a singlet or cotton shirt and a waist-cloth or
“ sulu,” held up by a leather belt. They walk barefooted.

There is no poverty in Fiji. There is a system of communalism
prevalent which the Government is doing its best to suppress. It is
called ** kere-kere,” or begging, by means of which all goods become
common property. Their wants are few, and a Fijian who has become
rich by his own exertions is almost unknown.

¥ Levuka is a common Fijian name for a town; another one of the same name is
referred to in the text, this latter being the capital of the small island of Lakemba.
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PREVALEST IMSEASES.

An epidemic of measles, in 1874, swept off over a quarter of the
indigenous population.

Anopheles mosquitos do not oceur in the group, and eonsequently there
is no malaria,  Yaws is almost universal amongst the natives. Leprosy
is fairly common. The lepers are now being segregated on the island
of Mokagai. Tuberculosis is common, especially where natives come
much into contact with the white man ; it carries them off with alarming
rapidity.  Syphilis is unknown amongst the Fijians, and gonorrhoea
is very rarve: both of these diseases are common amongst the Indian
population.  Bacillary dysentery oceurs in epidemics, and used to claim
a number of vietims,  Amoebic dysentery, apparently rare amongst
Fijians, is very prevalent amongst the Indians in certain of the sugar
districts,

FILARIASIS.

I will not attempt to review the literature of filariasis as a whole,
but a résumé of that part of it which refers more especially to filariasis
in the Pacific is desirable.

Very early in the modern history of these parts the extreme frequency
of elephantiasis was noted. When the pathological relationship of
Filaria sanguinis hominis to this disease began to be recognized, certain
investigators remarked on the extreme prevalence of filariae in the blood
of the natives of certain groups, Samoa for example.

It has been variously estimated that from one-twentieth to one-third
of the total populations in some islands develop elephantiasis. The
appearance of these extreme forms of the disease occurring in Samoa
became familiar from the excellent photographs sent home by Dr. Davies
of that island. Later? from slides sent by the last- named gentleman,
D, Manson (Sir Patrick Manson) proved that over half of tl]ur«i Samoans
who were suffering from various elephantoid diseases harboured micro-
filariae in their blood. In* 1895 Surgeon V. (i. Thorpe (now Fleet-
Surgeon, R.N.) examined the blood of a number of natives of Tonga,
and found 41 per cent. of the male and 32 per cent. of the female
adult population harboured filariae ; in Fiji he ascertained that 25 per
cent. of the population were similarly infected. Morgan Finueane,' in
1801, exhibited photographs of cases of elephantiasis scroti in Fij1; some
of the photographs were of extreme cases such as are rarely seen nowadays,
for since the influx of medical men into these islands most of such cases
have been operated on.  Dr. G. W. A, Lynch? (now C.M.O., Fiji) examined
the blood of 608 natives and found 2568 per cent. infected with filariae,
Brunwin® in 1909, from 274 examinations, estimates the |r]'n'|mrt-iml at
24-2 per cent. B. M. Wilson® also in 1909, in routine examination of
1000 eases, found 388 per cent. infected ; he estimates that 33 per cent.
of total population, 43-3 per cent. males and 34-9 per cent. females, harbour
microfilariae. It will be seen that the figures of the last three investi-
gators are in close agreement.

French investigators. also working in the French Pacific possessions,
have left records. In Wallis Islands, Brochard® found a microfilaria in
the blood of the islanders. Dubruel®. in Tahiti, states that in the island
of Mooréa, where elephantiasis is very prevalent, in the night blood of
200 inhabitants he did not find a single ]mr-.l*ﬂtt' an observation
entirely at variance with the experience of others. It is to be noted



that he gives no description of his methods, nor of the quantity of
blood examined.

American investigators have been busy in the Philippines. Ashburn
and Craig!® 11 2 found a microfilaria in the blood of nine natives.  Phalen
and Nichols® 1 found among 933 Filipinos 2:6 per cent. infected, and gave
a map of the distribution of filaria nocturna in those islands based on
the examination of 6 604 individuals,

Diesing?® (1909) reports a case of filariasis in New Guinea. From New
Caledonia the records are scanty. Lang and Noe'* found filaria
nocturna four times in 117 examinations made during a residence of
twenty wears in that island. Nicolas'® records a case of chyluria
oceurring there.

The Solomon Islands and New Hebrides have been too lately investi-
gated by medical men for any extensive series of blood examinations to
have been made. As will be seen later, a certain small l}lupmlu}ll of
the natives of the former were found to harbour microfilaria nocturna ;
on the other hand over half showed signs of recent malaria, which is
very prevalent in both groups. 1 met with a case of filariasis in a New
Hebridean. I have been assured by observant travellers that elephantiasis
i5 almost unknown in the Solomon group.

The value of these various observations would have been very much
enhanced had the workers adopted the same methods and specified the
time at which their blood examinations were made, and also the quantity
of blood serutinized. It is to be hoped that in future some uniform
system of observation will be adhered to.

TECHNIQUE.

The method of preparing blood-films deseribed by Manson in his
* Tropical Diseases,” and the method of measuring definite gquantities
of blood as deseribed by Low, are those I employed throughout. T found
it simple, quick and reliable,  The standard t|1i.u|i|h has ]wvu 16 ¢ mm.
of blood and has been strictly adhered to, This measurement is uf nse
in accurately determining the periodicity and in conducting observations
as to the actual number of parasites present in the circulation. The
slides were examined immediately after being dehaemoglobinized. It
was found that if the slides were left undehaemoglobinized for more than
twenty-four hours the haemoglobin became fixed, and examination corre-
wpnmhn"h more difficult, A certain number of each bateh of slides
were stained, without being fixed, in dilute carbol fuchsin ; others, after
fixing in alcohol and l.-t.h{-.l, were stained with haematoxylin with the
view of determining the minute characteristics of any microfilariae that
might be present, I may mention here that upon one oecasion in
making a conszcutive series of slides from the same patient, a consider-
able variation in the number of microfilariae present was noticed, showing
that they are not uniformly distributed throunghout the peripheral blood-
stream (Appendix 11.). A number of observations were made to deter-
mine whether the act of squeezing the finger to obtain a larger supply
of blood was responsible in any way for this variability in the number
of microfilariae.  No influence of this description conld be recognized.

CoNCLUSIONS.
In the course of my investigations. I have been enabled to confirm

many of the observations of previous workers on filariasis. My principal
work on this helminthiasis, however, has been directed more especially
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as it concerns the Fijians. I have arrived at certain conclusions, and
these, for convenience. I shall, in the first instance, state categorically,
hefore giving in detail the ev idence on which they are founded,

1. A large proportion, 27-1 per cent., of T'ljmu-. harbour microfilariae
in their blood.

2. This figure does not represent the aggregate liability of the Fijian
to filarial infection. There are reasons for believing that, at one time or
another, nearly every Fijian is the subject of filariasis. These reasons,
together with the ]n{'ruillw (1), are : {(a) Adult filariae are to be found in
the lymphatics and other tissues without the presence in the blood of
corresponding microfilariae ; (B) A large proportion of Fijians are affected
with what ir common with others 1 regard as filarial disease, and in
whom no microfilariae can be found in the blood.  That is to say, the
proportion of Fijians carrying microfilariae (27-1 per cent.) added to the
number of Fijians affected hx filarial disease but without microfilariae
254 per cent.) amounts to 52 5 per cent. of the entire population ; (¢) All
Fijians, as well as foreigners for some time resident in Fiji, exhibit a well-
marked eosinophilia, and this in the absence of evidence of infection
with intestinal or other metazoal parasites ; (p) Patients with microfilariae
in their blood have lost, while under observation, their microfilariae.

3. In the present state of our knowledge it cannot be definitely
stated whether the Fijian filaria is a new species, or whether it is Filaria
hanerofti with the habit of its microfilariae, as regards periodicity, modified
by local circumstances.

(A) In favour of its being a distinct species are the following : Its
larval form (mierofilaria) exhibits in the blood no periodicity : i.e. contrary
to what happens elsewhere in the case of Filaria bancrofti, it oceurs in
equal abundance in the blood at all hours of the day or night. While
capable of development in Culex faligens, the favourite intermediary
of Filaria bancrofti, this mosquito is not nearly so efficient an inter-
mediary in Fiji as it is in other countries, or as is Stegomyin pseudoscutellaris,
the common mosguito in this group of islands.

(B) In favour of the Fijian filaria being identical with Filaria bancrofti
are the following : The Fijian microfilaria is morphologically identical
with microfilaria bancrofti. The parental form of the Fijian micro-
filaria, as far as can be ascertained at present, is identical with Filaria
bancrofti. Both nematodes live in the same tissues, and are associated
with the same diseases. Stegomyie pseudoscutellaris 15 an  efficient
intermediary for Filaria bancrofti. As regards adaptation to inter-
mediary hosts, there is, therefore, a corresponding capacity.

4. Assuming that the ']*1111:1 filavia is Filaria bancrofti, it may be that

the absence of periodicity in the former iz a partial u:l.l}:l.tli:m to, and
impressed on it by, the habits of its usual intermediary host in Fiji, viz.
Stegomyin pseudoseutellarizs, a mosquito which feeds by day only.
5. The absence of periodicity in the Fijian filaria does not depend
on any racial peculiarity in the human host, for: (a) If a native of
India or of the Solomon Islands harbouring microfilaria banerofti comes
to reside in Fiji, his microfilariae retain their habits of nocturnal periodieity ;
(B) When such a stranger acquirves filarial infection in Fiji, the corre-
gponding mierofilariae exhibit no such nocturnal periodieity, but in this
respect comport themselves in the same way as do the mierofilariae of the
native Fijian.

6. The principal pathological expression of filarial infeetion is the
same in Fiji as elsewhere, viz., elephantiasis,
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7. The lower extremities and serotum are the parts of the body most
frequently affected.

8. In comparison with the natives of China, India and the West
Indies, the natives of Fiji, and probably of other South Pacific Islands,
are peculiarly liable to elephantiasis of the upper extremities.

9. On the other hand they seem to be less liable to chyluria, lymph
scrotum, varicose groin glands, and other forms of lymphatic varix
depending on filarial obstruction of the thoracie duct above the points
of entrance of the chyle vessels.

10, The explanation of these possible peculiarities in the Fijian disease
is not apparent.

11. In many cases adult filariae oceur in large numbers in the tissues,
especially in lymphatie glands and vessels, but also in other organs, as
the epididymis, testis and tunica vaginalis.

12. In the latter circumstance may lie a contributary cause of the
infecundity of the Fijian as a whole.

13. In the situations mentioned the adult filariae may die, and
may become cretified.

14. The adult filariae is not an unusual cause of abscess, of hydrocele,
of enlarged testes and of thickening of lymphatic vessels, and of fugitive
swellings resembling Calabar Swellings.

15. Whether alive or cretified, the adult filariae are the direct canse
of fibrosis and blocking of glands and lymphaties.

16. Eosinophile eells are present in large numbers around both living
and caleified filariae,

17. Calecified filariae have been found in the interior, and blocking
the vasa efferentia, of the epididymis.

18. Microfilariae emitted by the parent worm may not reach the
general cirenlation, perishing in the gland or organ in which the worm is
lyving.

19. Periodical discharges of mierofilariae may be a factor in the
production of lymphangitis, orchitis and funiculitis.

20. After such inlammatory attacks the parent worm may perish.

21. Lymph from such inflammatory foci may be sterile, or it may
be the seat of bacterial invasion.

22.  Lymph from inflamed elephantoid tissue is usunally sterile,

22, The precise mechanism of the production of elephantiasis has
yvet to be determined, but that the filaria is the principal factor is hardly
open to doubt.

24. Certain parasiticide drugs in medicinal doses have no manifest
influence on the circulating microfilariae,

25. The absence of microfilariae from the blood in the case of undoubted
infection with living filariae requires explanation. A similar anomaly
oceurs in other filarial infections in man, e.g. in Filaria lon and in Filaria
volvudus,

26. Surgical and medieal treatment of filarial disease is unsatisfactory,

27. Mosquito destruction, carried out on the same lines as for malaria
and yellow fever, is the only means likely to prove of serviee in eradicating
or seriously mitigating this important helminthiasis.

I propose to deal with each of these conclusions in the order
stated. In several instances they are based on a mass of uninteresting
statistical matter ; this I have relegated to a series of appendices, con-
tenting myself in the text of this report with a summary of the principal
results obtained.
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I. A large proportion of Fijians harbour microfilariae in their
blood.

1,320 people of all ages and for the most part of Fijian blood (vide
Appendices 111. and 1V.), were examined for microfilariae. 804 of these
were males and 516 females. 304 per cent of the former, and 23-9 per
cent, of the latter were found infected. That is 27°1 per cent. of the total
p(}puht‘lml examined ; a figure slightly lower than the 33 per cent.
estimate given by Dr. Wilson, and s-;]lghth higher than that given by
Dr. Lynch.

Tables are given in the Appendix (Nos. 1. and IV.) showing the
age incidence reckoned in decades. The incidence is greatest in both sexes
after the twentieth year. The youngest Fijian in whose blood micro-
filariae were found was a girl of five years of age. Comparatively more
females than males were found to be infected below the age of ten years.
Due allowance, however, must be made in these instances for the small
numbers examined. The statisties given by Sir Patrick Manson in China,
and later by Dr. Dunecan Whyte,® show that the incidence of infection
in that country also increases with age.

In Fiji, as in countries where filariasis is common, it appears to be the
rule that the incidence of infection is greatest in the male sex. The
exception to this rule is British Guiana, where Daniels and Conyers'
found twice as many females infected as males.

In my tables it will be noted that the greatest numhber of people
examined ranged in age from ten to thirty years, the explanation being
that natives of this age are more accessible for examination than are
the very voung and the elderly.

The microfilaria rate in different parts of the Fiji Islands varies con-
siderably, and in direct ratio with the number of cases of elephantiasis
and other filarial diseases present (Appendix No. XVIL). Thus in
the town of Bau, which lies just off the large island of Vitilevu,
the microfilaria rate per total population iz 12'5 per eent.; whilst on the
island of Lakemba, 200 miles away, it is 36:5 per cent., or nearly three
times that number.

II. (a)—Adult filariae are to be found in the lymphatics without
the presence in the blood of corresponding microfilariae.

Under this heading I have grouped some observations on the con-
ditions under which these and other adult filarine were found, and also
on their measurements while alive. The minute anatomy and identi-
fication of the species will be dealt with later by Dr. Leiper.

Measurements were all made in normal saline on a glass slide. The living
filariae, on being placed in the solution. were gently heated till they streteched
themselves out and became motionless. The excess of saline solution
was then blotted away and measurements of length aseertained by means
of a fine compass and millimetre scale. Measurements of breadth and
other details were made by means of a micrometer eyepiece. After
measurement the worms were plunged into boiling 70 per cent. aleohol
for transmission to Dr. Leiper. I give below a summary of twelve
measurements, eight females and four males. The letters r'hs.-.Luwumhmu
cach specimen refer to further particulars given in the text.

In making a filarial census of a town or district the aid of the native chief or
#* Roko ™ waz invoked., Az his word iz law, it was easy to procure all the natives
for examination.
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SumMaRY oF MEASUREMENTS OF LivE FILARIAE,

TaprE I.—FEMALES.

A, | R TR e e 6. H.
Acult. Aduls, | Adult, [Tmmature.| Tmoma Addult, [ Adule. Adult,
| ture, |
Lenagth. 6o mm. | 53 mm. | 65 mm. 42 mm. | 3 mm. | S0 mm. | 50 mm. | 67 mim.
Breadih. “177 mow | 222 mom, 206 . 1524 mm. 135 mo | 15 mme [[128 mm, _'I.'h:I min.
Vaginagl 76 mm. | 69 mm. | =69 moo. TGk mim. 435 mim. 434 mm. | 09 mm. -0k mm,
apeRing
from
mantth, | | e
Anus =T T [ | 24 mm. 21 mm.
from gip | | [
of tmifl,
TarrLe II.—MaLEs.
Tl A o | T =a |- .

Length 29 mim | 25 mm, 25 mm. ; 28 mm,
Breadth, 12006 . | 129 mm. 09 mm. | A mm.

1. Female (Table I., ) found in a filarial abscess, uterus packed
with embryos and ova. Numerous embryvos observing no periodicity
present in the circulation (vide Appendix XI1., Chart XX.}).

2. Three perfect females (Table I., B, ¢, p) and two perfect males
(Table IL., &, B) found in a large epitrochlear gland removed at operation
from a Fijian. No other signs of filariasis, no microfilariae ever found
in blood. One male and female found inextricably coiled round each
other. Two females (¢,p) found coiled up dormant in cortex of gland,
but reviving on heating in normal saline. No microfilariae were found
in gland juice. One female was found smaller than the others and
apparently immature ; the uterus was packed with ova, but contained
no embryos. In all thirteen filariae, or portions of separate filariae,
were taken from this one gland,

3. An immature female measuring only 31 mm. in length (Table 1., )
and part of a small male found in an enlarged epitrochlear gland. No
microfilariae were present in the circulation. The uterus of the female
was packed full of ova, but no embryos were seen.  One ealeified filaria,
was also seen in the gland.

4. A perfect male, and an apparently immature female (Table 11, ¢,
and Table L., r), removed from enlarged inguinal gland. No micro-
filariae were found in the blood. No ripe embryos found in the uterus
of the female, though several ova were in the process of differentiation
in the anterior part of the uterus. Part of another female was found,
from whose uterine tubes streams of ova emerged into the normal saline
solution.  On being gently warmed, the contained embryos became active,
stretching out the chorional envelope to form the sheath of the living
microfilaria. This process was watched for some considerable time
and bore out Sir Patrick Manson’s hypothesis, founded on observations
on the filaria of Corvus torquatus in China, that the sheath is really the
embryonic egg capsule. Slides showing the process were made and sketehed

(Plate 1.).
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The uncoiling of the embryos within the sheath has recently been
observed by Huffman®® in the case of Filaria loa.

Several dead and caleified filariae were also found in this gland. The
male filaria, together with a piece of the gland tissue from which it had
been removed, was placed in the incubator at 377 C. for 4} hours, It
became very active and swam about, but did not attempt to enter the
gland tissue.

5. A perfect female (Table 1., ¢) found in the centre of a mass of
pedunculated groin glands (Plate I1., and Phot. 7) together with part of
a recently dead male. From the vaginal orifice of the female great
numbers of microfilaviae stretehed out in their sheaths were seen um*rging,
but were apparently dead. No coiled embryos emerged from the vagina ;
as has been suggested by Daniels,® this orifice is probably too narrow
to permit of their escape. No microfilariae were found in the blood.

P. H. Bahr def., 1911,

PLATE 1.

Microfilariae emerging from the uterus of the parent filaria, uncoiling in their
chorional envelopes, Dreawn at difforent stages.—Camera lneida, oil immersion lens.

6. A perfect female (Table I., 7) and a perfect male (Table I1., n)
obtained from a mass of varicose groin glands dissected post-mortem.
Microfilariae were present sparingly in the blood; they exhibited no
periodicity. Nine months before the patient’s death they could not be
discovered in the blood, but hoth ova, microfilariae and their empty
sheaths could always be seen in lymph of these glands procured by
puncture, Many of the microfilariae so procured were small, with the
sheath distended anteriorly and posteriorly, similar to those seen
emerging from the uterus of the adult in other instances. The female,
thnugh d|]|}.uf*uth fully adult, did not contain any embryos, but only
ova. Numbers of ealeified fll.til.m were found as well. It is interesting
to note that a continued high temperature of a hectic type, often
reaching 102°F. and 103° F., over a period of nine months, and con-
tinued absorption of tubercular toxins, appeared to exert no influence
on the life of the filariae. The patient died of widespread tuberculosis.




P. H. DBahr del., 1911,
Fig. 2. Fig. 1.

PLATE II.

L Fig. 1.

Enlarged groin gland removed from a mass of pedunceulated glands (eide Phot, VI
An adult male and female filaria were found in the centre of this speeimen on
dissection. The drawing of the seetion of this gland is actual zize, to seale.

Fig. 2.
A caleified filaria from the same gland magnified ten dinmeters,

1. H. Bahr def., 1910,

PLATE XXVII.

Inguinal gland, exeised from a mass of enlarged and varicose groin glands,

showing eontrast between fibrous medulla and adenomatons cortex,  Caleified

filartae were found in this specimen, both in the cortex and i the medalla,

A and B, masses of ecaleified filariae. The drawing of the gland on seetion
is actual size, to seale.

For o deseription of this specimen, wéde p. G2,
[T jace p. L0
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I1. (c)—Eosinophilia. All Fijians, as well as foreigners for some
time resident in Fiji, exhibit a well-marked eosinophilia, even
in the absence of infection with intestinal and other metazoal
parasites,

The large number of Fijians infected with microfilariae, together with
the large number affected with filarial disease unaccom pn.nwd by miecro-
mcllml , and the almost universal presence of a high eosinophilia with no
evidence of the presence of intestinal parasites, suggest that at some
time or other all Fijians have been the subjects of filarial invasion. A
high degree of eosinophilia was found in nearly all the Fijians examined
by me, whether microfilariae were present in the blood-stream or not.
W 1h-|(m in Fiji,* has examined a series with this point in view., He gives
an average eosinophilia of 14-18 per cent. both in normal Fijians, in those
with microfilariae without filarial lesions, in those with microfilariae in
association with filarial disease, and in those with filarial disease without
microfilariae.  Brochard® gives an eosinophilia of 13-18-7 per cent. in
Wallis Islanders affected. 1t is to be noted that neither of these investi-
gators made lencoeyte total counts, or examined the faeces for ova.
Duncan Whyte® finds the greater the number of mierofilariae the greater
the eosinophilia.

Gulland.® making lencoeyte and differential count during the day and
during the night in a person affected with filaria nocturna, found a
corresponding periodicity of the eosinophilia.  Whyte’s figures support
this statement, but Calvert’s,** who made a similar investigation, do not.

A Fijian in whom [ studied the point showed an equal eosinophilia
both in day and night blood (vide Appendix IX. ¢}, and in another case,
a Solomon Islander with filaria nocturna, even fewer eosinophiles were
found at night than during the daytime, when no microfilariae were
present, In the case of an infection with Filaria loa from West Africa,
in which numbers of the associated microfilariae were present in the finger
blood during the daytime only, a simultaneous record of the l‘(']ﬂtn{'
number of {-.f}mm:.phllr cells was also made. The resalt is illustrated
graphically (Appendix IX.¢). No corresponding variation in the relative
number of eosinophiles was noted.

A complete blood examination was made in twenty otherwise normal

Fijians with microfilariae and in twenty without. These were further
subdivided into those in whose stools ova of intestinal parasites were
found, and those in whose stools no such ova were discovered. The
result is given in tabular form in the Appendix IX., o, B, ¢, p. It will
be seen from these that by estimating the gross number of E'u*-:umr.lhlll'*-
present. per ¢. mm. blood, and by the percentage of the i'i}‘x!T‘lﬂ'EIhlll’"i to
the total number of leucoeytes counted, the eosinophilia varies from
13-15 per cent. in each instance. The white and red blood counts were
made with Thoma-Zeiss pipettes; of the whites never fewer than 768 squares
were counted ; and in estimating the red corpuscles at least sixty-four
squares were counted. The blood film for the differential count was, after
fixing, stained with haematoxylin (Delafield’s) for ten minutes, and with
watery eosin for thirty seconds, and 300 cells were always counted. The
haemoglobin index was estimated by Talleguist’s method. It is to be
noted that neither the number of the white nor of the red blood corpuscles
was affected in any serious degree by filariasis (Appendix IX., A, B, ¢, D)
nor by the presence of intestinal parasites. The degree of eosinophilia
does not differ in those harbouring few or many mierofilariae.
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The Fijians are liable to infection with intestinal parasites, which do
not seem to affect their general health. A table (Appendix IX. g) is
given showing that, from examination of 209 stools of normal Fijians,
74'6 per cent. are infected with some intestinal parasite or other. A
large percentage, 27°8 per cent., harbour ankylostomes, or more probably
Necator americanus, yet no Fijian was seen exhibiting any clinieal signs of
ankylostomiasis. Anaemia, cardiac failure, or oedema from this cause are
apparently unknown amongst them, though the East Indian immigrants
suffer greatly from ankylostomiasis. The frequency of infection with
intestinal parasites apparently varies in different localities (vide Appendix
IX. E). Whyte* has given tables to show that the greater the infection
with one kind of parasite, and also the greater the variety of parasites
present, the greater is the eosinophilia. This does not seem fo hold
good in Fijians, A similar investigation of eleven Fijians affected with
elephantiasis gave an eosinophilia of 89 per cent. (vide Appendix 1X. ¥),
and forty cases of elephantoid disease in Fiji (one Indian case included)
gave an eosinophilia of 12:7 per cent. (IX. u). An equally high eosino-
philia appears to be present in cases of elephantiasis whether microfilariae
are present in the circulation or not; this was deduced from an investiga-
tion of thirty cases (vide Appendix 1X. 1).

In order to-ascertain if racial or climatic influence was responsible
for the high degres of eosinophilia obtaining in Fiji, the blood of a number
of Europeans born in the Colony was investigated. As will be seen from
the tables (Appendix IX. J) the result obtained was an average eosino-
philia of 34 per cent,, slightly higher than that found in Euwropeans at
home. A stool examination was not feasible in these cases. An average
eosinophilia of 77 per cent, was found in six Furopeans harbouring
microfilariae (wide Appendix IX, K); neither the red nor white blood
corpuscles, nor the haemoglobin index, appeared to be affected in these,
An -eosinophilia of 87 per cent. was found in eleven Europeans
(Appendix IX. ) suffering from various symptoms of filarial disease
without any microfilariae in the ecirculation.

It may be noted here that in cases where mierofilariae are absent from
the blood stream, it is possible that they were present in small numbers,
g0 as not to be apparent in a slide containing the relatively small quantity
of blood examined. But in no instance did the examination of a larger
quantity of blood (1-2 c.c.) abstracted from a vein and centrifuged in
citrate solution (1 per cent., plus an equal quantity of -7 per cent. saline)
demonstrate their presence when they could not be found in three slides
of blood containing 16 c.mm. each.

II. (d)—Patients with microfilariae in the blood have lost, while
under observation, their microfilariae.

In seven instances the disappearance of microfilariae from the blood-
stream was noted during a series of four hourly observations with
measured quantities of blood. In every case some inflammatory dis-
turbance preceded the disappearance. In no instance were miero-
filariae very abundant in the blood-stream. Three times the microfilariae
disappeared completely in the course of twenty-four hours: onee when
temperature at the time was quite normal.  Inno instance aftec repeated
examination were they ever found again.

Case 1. After a typical attack of orchitis and adenitis, the micro.
filariae, which were never numerous, disappeared from the patient’s



0 P. H. Bahr dei., 1011,

Microseopical section of an adult filaria in an inflammatory mass situated
over the internal condyle of the humerus. From a case of filarial lymphangitis,—
Camera lueida.
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blood, nor could they be found therein subsequently ; previous to their
disappearance microfilariae were ohtninuh!u.hy puncture of ﬂ'll._k inflamed
olands. The temperature was of a hectic type. A fortnight after
admission, pus, orowing Streplococcus  pyogenes in pure [:ll_lif-lll'i'-, Wis
obtained from the right groin. The patient, who was a Fijian, sub-
sequently died.

Case 2. In this instance, too, the microfilariae were never numerous.
The patient, a Fijian, had a typical attack of orchitis, followed by lymphan-
gitis of the left arm. Microfilariae were not to be found in the blood after
the fourth day of the illness when the temperature was 102°F.  An
inflammatory mass appeared above the internal condyle of the left arm.
One microfilaria was found on puncture of this swelling. The lymph
so obtained proved sterile on culture. The inflammatory mass was
excised. On examining a section microscopically part of an adult
filaria was found in a lymphatic space, surrounded by eosinophile cells
and inflammatory tissue (Plate IIL). The patient was subsequently
admitted at various times with attacks of adenitis and orchitis. The
lymph from gland-punctures was always found to be sterile on culture.

Cask 3. The patient, a Fijian, was admitted to hospital at various times
suffering from adenitis and orchitis. Lymph obtained by gland-puncture
was sterile. The microfilariae, which were never numerous, disappeared
from the circulation when the temperature became normal, i.e. within
twenty-four hours.

Case 4. A European, twenty-two years resident in the South Seas,
Microfilariae were fairly numerous in the blood-stream ; they exhibited
no periodicity. The patient, while under observation, had two typical
attacks of lymphangitis in the left leg. After the temperature became
normal the microfilariae disappeared, and were not found subsequently.

Case 5. Double orchitis in a Fijian, accompanied by adenitis of the
groin glands ; microfilariae in the blood. Lymph obtained by puncture
of the inflamed glands remained sterile on culture.  The microfilariae
disappeared from the blood-stream within twenty-four hours when under
observation, and while the temperature registered 104° F,

‘asE 6. A European patient born in the Colony ; lymphangitis and
adenitis of right leg; microfilariae exhibiting no periodicity sparingly
present in the blood-stream. No mierofilariae were found in the blood
after the second attack of lymphangitis. Cultures of lymph remained
sterile.

Case 7. The patient was an Indian born in the Colony. He was
admitted with a temperature of 105°F., but no other physical sign of
disease. He was under observation extending altogether over a period
of nine months. Microfilariae were quite numercus in the blood at first,
and showed no periodicity. They graduoally diminished in number,
and after a second attack of fever completely disappeared. (For further
details of these cases vide Appendix X.)

It is difficult to account for the disappearance of microfilariae in so short
a period as twenty-four hours, as was the case in three of these patients.
This phenomenon has been noted by many observers, and doubtless is
the explanation of several of the reputed therapeutic cures® of filariasis.
To understand the mechanism by which the disappearance is accom-
plished it is necessary to know the life-span of the microfilariae in the
blood. I know of no observations in man which throw any light on this
point, but Fiilleborn* has investigated the subject in the dog. He
injected a puppy with a quantity of heart’s blood containing numerous
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microfilariae (Filaria fmmitis) from another dog. Not only were the
microfilariae found in the blood for a space of ten months after, but they
appeared to become more numerous. Even assuming that infection
with adult worms was in this instance excluded, it would seem that the
life of a microfilaria in the blood-stream is a long one.  If this observation
on F. immitis applies equally to F. banerofti it becomes difficult to account
for the disappearance in so short a time in my patients of their miero-
filariae, on the assumption that it was brought about solely through the
death of the parent worm. Experiments i vitro were made in the
hope that they would shed more light on this point, but without, success
(Appendix XXXL.). Living microfilariae bancrofti were placed in
citrate of soda solution to which various sera were subsequently added.
The experiments were not very convincing, but as far as they go they
tend to show (1) that no immunity reaction is developed in hload mfm ted
with microfilariae ; (2) that microfilariae can live vquﬂlh well (A) in
normal serum, (B) inserum from cases of elephantiasis, (¢) in serum from
cases of orchitis and lymphangitis obtained during the attack, and after
the disappearance of microfilariae from the ecirenlation. Once they
remained alive for nine days in serum from a man suffering at the time
with filarial fever, but without microfilariae in his blood. In the course
of these experiments 1 found that the microfilaria lives best at tempera-
tures lower than that of the human body. [In witre and in sterile
solutions, even at normal blood temperatures, they never lived very long,
and they all perished in a shorter time in the few experiments undertaken
at ht;.,hm temperatures, probably, as far as could be ascertained, owing
to the more rapid reduction of the oxygen present. It was noted that all
microfilariae died directly the oxy- h'mnmg_{lnl}m became reduced.

The dizsappearance of the microfilariae has been attributed by Primrose®s
to the removal of the adult worm by surgical operation, but, as pointed
out by Manson,* their :hhdppmmnn in this instance had to be aseribed
to the subsequent attack of Iw.:tl]'nlmnrrli is. In his experience he has
noticed this oceurrence several times.

ITI. 1 (a)—Periodicity. The microfilaria of Fiji observes no
periodicity.

This was first pointed out by Thorpe® in the Tonga islands. The
microfilaria he found there and in Fiji was considered at first to be identical
with microfilaria nocturna, whose periodicity had been disturbed by
the irregular habits of the islanders. Lynch® found that in 156 filaria-
infected Fijians microfilariae were present in both day and night blood
in 105, Brunwin found no periodicity in the course of his inquiry, nor
did Wilson™—in this case with measured quantities of blood.

In 1906 Ashburn and Craig!® described a mierofilaria with no periodicity
occeurring in the blood of a Filippino suffering from chyluria. From
certain characteristics observed they regarded it as a new species, Filarin
philippinensis. To the characteristics they mention I will refer later.
In 1907 they reiterated their views, based on a study of four additional
cases, They also described the development of this filaria in Culex
fatigans, In 19092 a paper was read before the Society of Tropical
Medicine by Captain Craig in which he repeats the statement made in
previous papers; this paper was eriticised by Low. To this eriticism
Captain Craig has replied'® pointing out that the lack of periodicity is
a constant feature. To this Low has again answered.*®
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Phalen and Nichols®® showed that filaria nocturna is widely distributed
in the Philippines, and have determined the periodicity in at least one
case by a two-hourly examination of the blood in each locality visited.
In a later paper® they deduce from an examination of 6,804 specimens
of blood taken at night only that the filaria is very unequally distributed
in the Philippines. These observations, however, and the difficulty of
identifying Filaria philippinensis by the deseriptions given being horne
in mind, afford no reliable evidence as to the frequency, actual or relative,
of the two varieties in the Philippines. They do not discuss the question
of periodicity in different races, nor of the influence of long residence
or recent arrival.

Leber and Prowazek®® in Samoa lately described the microfilaria of
that gronp. They found that it exhibited no periodicity.

Brochard® has found that the microfilaria of the Wallis Islanders
observes no periodicity, and compares it with the descriptions of Filuria
philippinensis, but prefers to wait for the discovery of the adult worm
before naming it as such.

As regards my own observations, the tables given in Appendix X1
sufficiently prove, I think, that in the Fijian, whether normal or the
subject of filarial disease, the microfilaria observes no periodicity in the
blood-stream. The Charts accompanying Appendix XI. (Nos. L-XIV.)
were made from observations on ten different Fijians. Four were perfectly
normal males. Charts were made, giving the numbers of microfilariae
observed in the blood abstracted simultancously from a finger of each
hand. One of these Fijians was the subject of hydrocele, another of
ankylosis of the hip, while three were suffering from elephantiasis. Out
of 114 persons harbouring microfilariae no periodicity was present in
ninety-one. The others had a very small infection, numbering but one
or two microfilariae per slide, and consequently were of little, if of any
value in determining periodicity. I may state that in making these
observations great ecare was taken that the blood was duly measured
(16 c. mm.) and was always procured at the same hour, viz. between 10
and 11 a.m. and 10 and 11 p.m.

III. (a)—While capable of developing in Cwler fatigans, the
favourite intermediary of [Filaria bancrofti, this mosquito is
not nearly so efficient an intermediary in Fiji as it is in other
countries, or as is Stcgompia pseudoscutellaris, the common
mosquito of the group of islands.

Seven species of mosquito, identified subsequently by Colonel Aleock,
CILE. FRS., were colleeted in the neighbourhood of my laboratory
in Suva. Some of theze were met with in other localities, as deseribed
in Appendix XVII. Stated in the order of prevalence they are as
follows :

Stegomyia  pseudoscutellaris  (Theob.) (Coloured Plate IV.). This
species, established early in 1910 from specimens sent home from Fip
by Mr. J. P. Jepson, is a purely day-biting insect, and is undoubtedly the
commonest mosquito in Fiji. It is distinguished from its congener
Stegomigia scutellaris— which does not oceur in Fiji— by its more extensive
thoracic markings and the incompleteness of the abdominal bands. The
larvae are very similar to those of Stegomyia scutellaris, but differ in
having more and differently shaped spines on the penultimate abdominal
segment. Further details regarding the habits of this species, the larvae
and their food, will be found under Appendix XXXIII.

C
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C'ulex fatigans (Wied) was bred in the laboratory all the year round
but more sparingly, however, during the cool season. Larvae were found
in a dark fresh-water tank, in kerosene tins and in artificial hreeclulg
pools, placed round the laboratory. It is a purely night-feeding species.

Culew: jepsoni (Theob.) (Coloured Plate V.).  Another new species
determined from specimens sent to England early in 1910. I found it
breeding in open sheets of water. When alive, it is easily distinguished
from Culex fatigans by its marked banded proboseis. 1t is a large, heavy
mosquito, feeding crmalh well both night and day. (. fafigans and
', jepsoni feed well in L;q}hntv on banana, apple, ete., but considerable
difficulty was experienced in starving them to the right degree of
voracity that ensured their feeding on blood.

Finlaya poecila (Theob.) appeared at night sparsely in March, and again
in September and October. A very shy-feeding species, and only females
were found. I never succeeded in breeding it from the larva.

Stegomyia fasciate (Fab.) was bred from larvae in the laboratory.
It is a rare mosquito in the country in Fiji, but common in the town of
Suva. Captive specimens fed equally well both day and night.

C'ulex nocturnus (Theob.), a species only deseribed from Fiji. Itisrecog-
nizable by its banded legs and abdominal markings. It bred sparingly
in stagnant water round my house, but never in numbers sufficient for
E'\]Ii']llll{‘l'lt

Phoniomyia {pmx nitidiventer) (Giles) was hatehed out in qlmntltlcs
from larvae found in an old kerosene tin in April, 1910. The imagines
were all females. No males were ever seen. It was never met with
again.

Mosqgurto As AN INTERMEDIARY OF THE FILARIA.

I made a series of observations on the development of the filaria in
the mosquito in the following species. Only mosquitoes bred in captivity,
and only * no periodicity ¥ microfilariae were employed :—

Culer _J'rt!n,fmw ;. Steqomyia  pscudoscutellaris ; Steqomyie  fasciala
Clulex jepsoni,

In making these experiments in order, so far as possible, to obtain
uniformity of conditions, certain precautions were necessary.

ToE TEMPERATURE OF THE ATMOSFHERE.

Appendix XII. gives the average mean, maximum and minimum
temperatures during the months in which the experiments were pursued.
It will be gathered from this that the very limited range of temperature
experienced in Fiji has little influence in determining the actual develop-
ment of the filaria in the mosquito. The temperature was higher in
May and June, when the main work with Culex fafiguns, Stegomyia
Jasciale and Culex jepsoni was undertaken, than in August and
September, when the first experiments with Stegomyia pseudoscutellaris
were begun.

THE NUMBER 0F MICROFILARIAE IN THE CIRCULATION FAVOURABLE
FOR LEXPERIMENT,

To ensure success it was found that the microfilaria infection had to
be neither too small nor too large. In order to arrive at the optimum
degree of infection eertain experiments had to be made. An estimate
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PLATE IV. (upper figure).

Steqgormipia peendosentellars (Theob, ) 5, Fiji

PLATE V. (lower figure).
Culex jepsoni (Theob. ) 2, Fiji.
The 4+ under exch figure represents the setual gize of the insect.
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. PLATE VI.
To illustrate the development of the intestinal canal.

apocimens of larval filariae,
Camera lucida drawings to seale.

Drawn from living

1. Fourth day in Stegomyia psewdoscwtellaris (17Tth Aug.). Length 171 mm.
Breadth ant, -000 mm. Breadth post. -01 mm. Ant. V-spot 054 mm, from ant.
uxtrmnit}r. Post, V-spot -044 mm. from post, {‘Hl-mm:il}*. Tail 021 mm. in length,

2. Tenth day in Stegomyic psewdoscutellaris (20th Aug.). Length 21 mm.
Breadth ant. 024 mm. Breadth post. 03 mm.  Ant. V-zpot 044 mm. from ant.

extremity. Post. V-spot 06 mum. from post. extremity.
#. Seventh day in Stegomyio pscudoscuatellaris (4th Aug.).

Breadth ant. 0153 mm. Breadth post. -024 mm.

Length 223 mm.

4. Tenth day in Stegomyic peevdogeutellariz (15t Sopt.).  Developed from embryo
with nocturnal periodicity. Length 255 mm. Breadth ant. 024 mm. Breadth
post. 018 mmm.

G5, Bixteenth day in Cwlex jofigans (3nd July). Length 36 mm. Breadth
ant., <024 mm. Breadth post. 018 mm.

Sixteenth day in Stegomyie pseudoscutellaris (Tth Sept.). Length -84 mm.

1,
Breadth ant. 015 mm.
from ant. extremity.

Breadth post. 024 mm. Oesophageal bulb 114 mm.

c 2
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PLATE VII.

Larval filaviae in Stegomyie pscudosentellaris, second day after infection during
the hot weather 1in November.—Camera lueida,

THORAX.

P. H. Bahr del., 1011.

PLATE VIII.

Filariae in Stegomyia pseudoscutellaris, fourth day after infection during the
hot weather, November.—Camera lueida.
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of the average number of microfilariae present in the blood of a selected
patient was first made (vide Appendix I1.). Mosquitoes, after feeding
on the patient, were dissected immediately, and the number of micro-
filariae in the stomach contents counted. It was found that from a
patient with a small infection (7 microfilariae per 16 ¢. mm.) they failed
to imbibe any microfilariae ; whilst from a patient with 220 microfilariae
per 16 c.mm. the number taken up was so large that nearly all the
infected mosquitoes  died.  Ultimately an infection of from 40-60
microfilariae, per 16 ¢. mm. was found to be the most favourable both for
the development of the filaria and for the longevity of the mosquito.

ExrErIMENTS WITH CULEX FATIGANS.

Some of the infected insects were dissected (Appendix XIIL. a).
Others were preserved for sectioning in celloidin. It was proved that
the development of the microfilariae took place normally but sparingly.
In the majority the infection died out altogether, although the insects
were fed on the same patient as was the species next to be alluded
to. The larvae could be recognized, as long as seventeen days after
ingestion, as minute elongated forms stretched out between the muscle
fibres of the mosquito’s thorax. No further development had taken
place: the nuclear core of the mierofilaria and even the break in the
column of cells, so characteristic of the embryo, conld still be recognized.

In May a filaria was found in the proboseis of a Culex fatigans on the
nineteenth day after feeding. In no instance after the seventh day
were more than two developing filariae found in the thorax of one.

. H, Balr d¢f_, 1911,

PLATE X.

Head and |:.:|'uhm1:!i:»: of Stegomiie psevdoseufellaris, fifteen days after feeding,
showing two filaviae lying in head and three in proboszcis.—Camera lucida.

(N.B.—The cephalic ends of two filariae are protruding from the under-
aurface of the head. It muost be understood that this is not their natural situation,
but that they have been forced into this pesition-in cutting the section.)



5 P. H. Bahr del., 1911,
PLATE XI.

Showing dead form of filaria (marked x), encased apparently in chitin, in thorax
of Stegomyin pseudozcutellaris.—Camera lucida,

Microphkael,, P. H. Bahr,

PHOTOGRAPH I
Eighth day of development.

Developing filarine in Stegomyia  pscadoscwdellaris  during  the hot weather,
November, 1910,



Microphot., . H. Bahr,
PHOTOGRAFPH 1II.

Twelfth day of development.

Developing  filariae in  Stegomgic pseudoscutelloris during the hot  weather,
November, 1910,

e

Micropha!., P. H. Bahr. ]

PHOTOGRAPH IIL.

Filarias in Stegomyie pseudoscutellaris, eleventh day after infection during the
cool weather, August, 1810. To show contrast in stage of development during
the hot and cool months.
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It is important to note that Ashburn and Craig, in their deseription of the
development of Filarie philippinensis in C. fatigans, state that although
as many as fifty-one filariae were found in the thorax on the eighth day,
vet in a great many instances the filariae died out altogether, and that
it was unusual to find more than four to six filariae undergoing the
Lmnplet.c eycle; frequently only one was found in the proboseis. The
experience of these observers agrees with mine as regards this species
of mosquito. They observed no development in stegomyiae (species
not mentioned). They state further that complete development in
(. fatigans took fourteen or fifteen days.

Degenerating forms of filariae were found from time to time (Appendix
XIIL. a). Ina great many of my filaria-fed mosquitoes no filariae could
be found. I may add that each insect was carefully examined before
dissection, and as €. fatigans is the only species of eulex in Fiji with
unbanded legs the identification was easy and reliable, and further, that
all the preserved specimens brought home for sectioning were identified
by Colonel Aleock. These celloidin sections bear out my statements,
as regands the relative inefficiency of €', fatiguns as an intermediary of
the filaria in Fiji. Numbers of filariae can be seen in sections of the
thorax in insects killed on the sixth or seventh day after feeding ; they
appear to be developing normally. After this point in many instances,
all that ecan be found is an elongated mass of packed nuelei representing
the filaria. The stages towards complete development in €', faligans
were the same (Pl. VI.) as in the next species of mosquito, but were
affected at a much slower rate.

EXPERIMENTS WITH STEGOMYIA PSEUDOSCUTELLARIS.

Details of dissections of forty infected specimens of this mosquito
are given in Appendix XIII. B, showing the great numbers
of filariae which may develop in this species, the rate of their
development, and the measorements at different periods. The
accompanying plates and photographs (PL VIL.-X., and Phots. 1., I1., and
III. illustrate these points. Very few dead or (legencmtmg forms were
seen on dissection, but curious and apparently chitinified bodies resem-
bling a tl-::vcluplng filaria in shape and actually enclosing their remains
were met with many times (Pl. XL} in sections. Apparently the rate of
development is in some measure dependent on the temperature of the
atmosphere. In experiments extending over a period of five months, viz.
from July to the beginning of November, a period of twenty-one days
elapsed before the filariae were found in the proboscis, whilst in similar
experiments in November and December, when the maximum mean
temperature was about five degrees higher than in the previous months,
complete development was observed on the thirteenth day, and in certain
celloidin sections of mosquitoes infected during the latter months such
filariae were found in the proboseis on the tenth.

ErFECT OF DEVELOPING FILARIAE o¥ THEIR MosQuiTo INTERMEDIARY.

The developing filariae had a deleterions effect on the health of the
mosguito, Heavily infected mosquitos can be readily recognized : the
attitude and general appearance betray the infected insect. It becomes
more and more gluggish until, ultimately, it is unable to insert its stilettes.
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Observations on the infected mosquito showed that of those fed on
small infections nearly all lived till the twenty-first day, but out of a
batch of 200 fed on a patient with an average of seventy-one micro-
filariae per 16 ¢. mm. blood only seventeen survived to that time. The
filariae in these seventeen survivors were all found in the proboscis. The
period at which the infected mosquitoes died depended apparently upon
the degree of development of the filaria, and the rate of development
upon the temperature. Thus in July and August the greatest number
of Il]UﬁlilllttM‘: died on the tenth day after feeding, in the hotter weather
of November on the sixth day. From these observations it followed
that an individual with a moderate infection may be a greater danger
to the community than one with a large infection.

The last few days, that is when the filaria has entered the proboscis,
appear to be the critical time for the mosquito. In one batch twenty-

P. H. Bahr del., 1911,

PLATE XII.

Section of thorax of Stegomyia paendoscutellaris, showing large coiled filaria ready
to emerge, and small form of only two days development.— Camera lueida.

three mosquitoes were alive on the fifteenth day after infection ; though
fed on blood in the meantime only three of them lived four days longer.

Heavily infected stegomyiae were kept alive for twenty-nine days: for
the last nine days, instead of being fed on blood, they had subsisted on
bananas. On dissection no filariae were found in the proboseis, although
as regards others of the same batch numerous filariae were found in the
proboseis of all of them. ‘The filariae in the banana-fed insects had in
all probability left the proboscis while feeding on the fruit. This
observation is in agreement with Fiilleborn’s experience, but at variance
with that of Manson, Low, and Vincent on Filaria immitis.

- i il
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In order to ascertain whether or not the stegomyia is an absolutely
efficient intermediary, it is neecessary to know the average number of
microfilariae imbibed by the individual mosquito, and also, whether all
those imbibed complete their development as far as the mosquito phase
is concerned. This point it was necessary to ascertain, seeing that some
have stated that the number of microfilariae taken into the mosquito’s
stomach is in excess of those present in a like amount of finger blood.

Ashburn and Craig" state that in their experience the mosquito (Culex
fatigans) manages to abstract forty or fifty or more times as many micro-
filariae than are present in a similar volume of the circulating blood,
and suggest that the mosquito might thus be of practical value in revealing
embryos in the blood of those cases of elephantiasis in which Illml.:w
though believed to be present, owing to scantiness were seldom found.
Fiilleborn®* has investigated this subject. By “ﬂlf_{hlllg mosgquitoes
before and after feeding, and by estimating the h‘mnu‘}gnhu in the latter,
he was able to caleulate the actual amount of blood imbibed. By this
means he showed that the exeess of mierofilariae in the stomach of the
mosquito is explained by the rapid absorption of the blood serum by
the insect during feeding. Serum is commonly seen exuding from the
anus of the mosquito directly after, or even during, a meal ; thus very
soon after a feed the abdomen becomes greatly reduced, and any filariae
it may contain correspondingly concentrated. The mosquito, Filleborn
concludes, has no selective power, nor could he find that the secretion of
its salivary glands exerted any chemiotactic influence on the microfilariae.

Table XIV. o (Appendix) is compiled from the dissection of a number
of stegomyiae directly after feeding on the blood of a patient whose
microfilariae had been estimated by frequent observation. The amount
of blood present in the dissected stomachs was roughly estimated by
comparison with smears of known quantities of finger blood.

In this way it was possible to estimate approximately the number of
microfilariae imbibed by each mosquito.  From this series of observations
I was led to conclude that all filariae imbibed by Stegomyia pseudoscu-
tellaris proceed to complete development in their intermediary. In
Appendix XIV. B, figures will be found in support of this point.
Large numbers of filariae, all at the same stage of development, were
found in the thorax of these insects:; in one instance no fewer than
thirty-eight large forms were found on the sixteenth day after feeding.

An attempt was made to transmit two separate broods of filariae
through the same mosquito (Appendix XIV. ¢.). On the tenth day
after feeding on an infected man, the same stegomyiae were re-fed on
the same patient. Till it was ascertained by the dissection of several of
these insects that the first brood had all left the proboseis, the mosquitoes
were fed on guinea-pig’s blood. On the twenty-first day after the first
feed of blopd the filariae of the second brood were all found to have
entered the proboscis.

In another experiment designed to ascertain the capacity of the
mosquito as regards the number of filariae which it could rear suceessfully,
no fewer than I"ftv four filariae wer: found—thirty-three of the first and
twenty-one of the second brood—in a single inseet killed on the thirteenth
day after the first feed of blood—all the filariae of the first brood were
over 1 mm. in length (vide Pl. XIL.),

These experiments show that 8. psewdoscutellariz is an  efficient
intermediary for the Fijian filaria, and that the individual mosquito
18 capable of transmitting several generations of the parasite.
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Camera Jueida drawings to show details in the structure of the developing
filarin. Figs 1-8 from live specimens ;. 8-10 were stained with haesmatoxylin and are
highly magnificd.

Fig 1. Fifteenth day in Stegomyio pseudoscutellaris ; shows the ehyle intestine and
position of anus. Length 1:26 mm. Breadth ant. 015 mm.; post. 024 mm.

Fig 2. Same stage us No. 1. Length 03 mm. Breadth 033 mm. 0Oezophageal
bulb 21 mm. from ant. end.

Fig 3. Long form in head of Stegomyio pseudoscutellaris at the eighteenth day
of [l.l"‘.'L‘IHpIIIE"I'IL Length 1-2 mm.

Fig. 4. Head of No. 3.

Fig. 5. Tail end of No. 3, showing twe terminal and one postanal papillae.

Fig. 6. Tail of filaria, fifteenth day of development, magnified to show postanal
and developing terminal papillae.

Fig. 7. Tail of filaria developing from microfilaria nocturna, on the twentieth
day in Stegompia peendoscutellariz.  Length -99 mm. Breadth 024 mm. Anus
036 mm. from tail. Three terminal and one postanal papilloe.

Fig. 8. Filaria thirteen days in Stegomyia peeudoscutellaris apparently ingesting
a musele fibre, Length 61 mm. Breadth 027 mm.

Fiz. 9. Arrested and degenerating form of larval filaria in Culex jepsond, on thae
twelith day after infection.

Fig. 1. The same in (‘uler jepsori, on the nineteenth day after feeding on
infected blood,

All, where not mentioned, are developed from ** no periodieity "' microfilarine.



29

Stegomyia fasciafe.—Details of dissections of a number of infected
specimens are given in the Appendix (XIIL. ¢). All the micro-
filariae evidently entered the thorax, but only in one instance were they
seen to {]E".E]IJ]I beyvond a very early stage, although they could
be recognized at this stage of development in a lifeless state, as long
as seventeen days after the infection. In one individual, however, further
development was observed. In this instance the filariae measured
*2—3 mm. in length, and possessed a definite alimentary canal; the
dissection was made on the twelith day after the infection. Celloidin
sections of a number of infected ngmnym fasciata bear out my statement
as regards the inefficiency of thiz species of mosquito. In only one
insect out of the number examined could a filaria be found showing
the development of the alimentary canal. In this instance also twelve
days had elapsed since infection. It is guite possible therefore that very
occasionally development may proceed in this species: 1 never found,
however, filariae in the proboseis.

Culex jepsont (Appendix XIII. p.).— A great number of this species

were bred and fed in captivity. It was ascertained that the micrnfil.uiftl::
enter the thorax quite normally, but no development bevond the sausage’
‘stage takes place. These stumpy forms could be recognized in the
thorax up to the nineteenth day after feeding (P1. XTII., Nos. 9 and 10).
After the last few days no signs of life were seen in any of these arrested
forms. There is then no evidence that this species is an efficient
intermediary.

DEVELOPMENT OF THE FILARIA IN S. PSEUDOSCUTELLARIS AND
[}, FATIGANS.

The different forms assumed at various stages of development in the
two species, Stegomyia pseudoscutellaris and Culex faligans, have been
studied in detail in fresh dissections in normal saline solution, and in
celloidin sections of the thorax.

As regards the actual mode of development, I have little to add to
what has already been written on the subject #*-#, That there is a variation
in the rate of development in the different months, and even in the same
mosquito, is shown in the Appendix (Table XIII. 8, and Phots. L., I1., and
II1.}. Even forms in the proboscis vary considerably in length (from
“0-1'6 mm.).

After entering the mosquito’s stomach the microfilariae very soon
cast their sheaths, usually within an hour and a half; this is the rule,
but I have found sheathed forms in the stomach contents on the second
day after feeding. Within twenty-four hours the great majority have
entered the thorax. After two days the filaria begins to broaden out,
and the posterior V-spot appears as a large vacuole. Soon after the
anterior V-spot becomes very apparent. Multiplication of the nuclei
in the interior of the filaria now takes place and it assumes the ** sausage
form. At this time, in some earlier, in others later, the tail becomes a
mere stump. Very often it is moved mtlcpmldeuth the body of the filaria
at this stage being apparently incapable of movement. ( wlwr.;l,llv {rom
the third to the fifth day masses of cells seem to push forward from the
anterior V-spot to the anterior end, and form the oesophagus. No
inversion of the epithelium to form the mouth, o far as I could ascertain,
takes place. Later a definite perivisceral cavity forms, the cells arrang-
ing themselves into two layers, one layer lining the body cavity, the
other constituting the alimentary canal. The posterior V-spoi now
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greatly enlarges and definitely becomes the anus, which remains sub-
terminal up to the time of full development. At the same time the
anterior V-spot becomes displaced by the multiplication of nuclei and
finally disappears.

The alimentary canal is now complete. A postanal prolongation of
the gut (or at least a collection of cells of the same character as those
constituting the gut) is noticeable in a great many specimens (wide
Pl. XIIL., 5 and 7)—an appearance noted by Ashburn and Craig also.
There is, however, a vacuolated space often to be seen in the same situa-
tion (vide P1. XIII., Figs, 2 and 6). An oesophageal bulb and a con-
striction giving a distinet valvular appearance, situated about the junetion
of the first and second fourth of the alimentary canal, appear when the
worm has attained about -5 mm. in length ; it may be noted that this dis-
appears before the filaria enters the proboseis.  About this stage the anus
becomes a mere slit, and in some specimens can be recognized only with
difficulty. The diagrams (Pl. VI.) I have given represent the develop-
ment of the alimentary canal and anus. They were prepared from
camera lucida drawings made at various stages of development. The
formation of the oesophageal bulb iz also shown. Up to the time the
filaria appears in the proboscis there seems to be a constriction or even
septum between the intestine proper and the reectum (P1. XIII., Fig. 7) ;
apparently there is no communication between them. When the worm
is about ‘6 mm. in length a considerable space between the body cells
and the cuticle is often apparent (P1. XIV ., Figs. 1, 2, 3, 4, and 5). Probably
at this time an ecdysis takes place, as has also been deseribed by James.»
The terminal papillae now begin to make their appearance as definite
outgrowths from the body, and a constriction appears posterior to the
anus, giving the appearance of a definite ** hump  in that region (P1. XTIV,
Figs. 7 and 8). The terminal papillae are apparently three in number ;
another can be distinguished somewhat more anteriorly. Annett, Dutton
and Elliott® state there are four papillae; Ashburn and Craig" could
only distinguish three. Their appearance, according as they are viewed,
differs considerably, and possibly their number is variable (PL. XIV.,
Figs. 6, 7, 8, 9, and 10). The usual arrangement of the extreme caundal
end of the filaria suggests a large knob with two lateral and smaller
excrescences. In some instances these lateral excrescences appear to be
wanting (Pl. XIV., Fig. 6). It is exceedingly difficult to make certain
about these papillae. The one situated more anteriorly can be made
out only on ecareful focussing. The papillae probably function in
assisting the filaria in progression; I have watched the filaria adhering
to the coverglass by this organ.

As regards absorption and excretion, little evidence could be gained.
Once, as shown in Pl. XIII,, Fig. 8, a large form was seen on dissection
to be trailing a long shred :me_,]mg from its mouth ; on staining, this
shred was seen to be a muscle fibre from the mosquito’s thorax. Whether
this appearance of feeding was accidental or not, I am not prepared
to say. Granules were often obszerved emerging from the posterior V-spot
at an early stage and throughout the whole eycle of development.

In celloidin sections of mosquitoes fed during the hot weather (PLVII.-X.
and Phots. 1 and 2) the filariae are seen to lie at first parallel to and
between the bundles of musecle fibre, but after the eighth day they are
found coiled up in all sorts of attitudes. After the filariae have left
the thorax and entered the probosecis, no spaces between the muscle
fibres, such as might indicate their orginal resting place, can be made out.
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P. H. Bahr def., 1011,

PLATE XIV.

Camera lueida drawings from living larval filariae to show appearance of terminal
papillag when seen from different points of view., Figs. 1-56 show the probable
ecdyziz of cutiele, and development of tail papillae, All were taken from the
thorax of the same mosquito,

A — terminal. B — postanal papillae.

Fig. 1.
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In the proboseis ; 1-38 mm. » 018 mm.

Developed from microfilaria nocturna, twenty-one days in the thorax
of Stegomyin pseadoscutelloris. Length 1-23 mm.  Breadth 018 mm,
Dievaloped from microfilaria nocturna. Length 138 mm. Breadth (018 mm,
Twenty days in the thorax of Stegomyia pscudoscutellariz.  Length
1-17 mm. Breadth 021 mm.

Twenty-one days after infection in the proboscis of Stegomyia pscudo-
seriellariz,  Length 1-34 mm. length. Breadth -018 mm.

Twenty-one days after ingestion ; in the proboscis of Stegomiyia peeudo-
scifelloris.  Length 1-53 mm. Breadth 018 mm.

SBixteen days in the thorax of Stegomyia pscudoscutellariz, Length
‘B4 mm, Breadih -024 mm,
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Large forms often mistake their way to the proboseis. Thus I have
found them in the legs of the mosquito, among the malpighian tubules
where Low also found them; and actually in the stomach itself. In the
proboscis forms, apart from the alimentary canal, no evidence of
generative or other internal organs could be made out with certainty.

Forms from the proboscis were kept in welled slides in tap water, and
in normal saline solution, but never lived longer than seven hours. They
became much more active when the solutions were gently warmed. They
made no attempt to feed, but swam aimlessly about. The suggestion
that water may be an alternative route of entrance into the human host,
iz therefore not absolutely without foundation.

MopE OF ENTRY OF THE FILARIA INTO THE Humaw Hosr.

On several occasions the filaria has been seen to emerge from the
proboscis through Dutton’s membrane, often two and three at a time
(vide Phot. 4). That the filariae enter through the pores of the skin

-

Microphet | . H, Bahr.

PHOTOGRAPH IV.

Two filariae emerging from proboseis of ..H'Er'f;rn.u.:l_.lr'a p.*fr'Jlrfr.n-i'r'”!r'ﬁrl'i:rf.'!.

there appears to be little doubt. By ingeniously devised experiments
Fiilleborn ** has shown this in the case with Filaria tmmafis. In his series
of excellent microphotographs the filariae are all seen entering the skin
much in the same way as the ankylostoma larva enters it. In some of
my experiments infected stegomyiae were allowed to feed on certain
areas of a native’s hand at intervals during a period of three days, before
the hand was amputated for extensive ulceration. These areas were
marked and afterwards sectioned. In the 2,000 sections examined
[ found only one structure which could be regarded as being of filarial
origin, probably part of the cuticle of a filaria (Pl XV.). A similar
experiment was attempted with a guinea-pig, a small area of whose
back had been shaved, but the sections of skin were not a success,
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More convincing experiments, however, were afterwards made on a
person who volunteered for this purpose. An area on the back of the hand
was shaved and ringed with blue pencil. Large larval filariae obtained
from the mosquito by dissection in normal saline (sixteenth day of
development) were removed from the slide on the point of a fine needle.
They could be seen wriggling about on the needle quite distinetly
with the naked eye; 1 watched them for a time with a hand lens
enlarging thirty diameters. When placed on the skin, after a few
convulsive movements, they suddenly disappeared, apparently through
the orifices of the gland ducts. Six filariae from the thorax and
two from the proboscis of different mosquitoes were employed in this
manner, and all disappeared with the same lightning-like rapidity, One
of the filariae, injured in removing it from the slide, could be distinetly

P. H. Bahr def., 1011,

FPLATE XV.

Section through human skin removed after being bitten by infected Stegompyine.
The stratum corneum has been separated in sectioning ; below it is a eylindrical
body, resembling & tube, of the same size and shape as a filaria. This tube is
doubled up and lying on the stratum malpighii.  There are numbers of nueled in
the little structure. It may possibly represent the cuticle of the filaria which has
undergone an ecdysis before entering the deeper layers of the skin.—Camera Lucida.

seen lying on the surface of the skin. That it could be so clearly seen
when dead is in favour of my view that the others all entered the human
host, and in accordance with their normal habit. That the filariae enter
the human host by boring their own way through the skin, and not by
the puneture made by the mosquito, is obvious when one considers the
mosquito in the act of feeding. Plate XVI. shows a stegomyia drawn
in the act. The labium is bent almost double, the stilettes emerging
from under the cover of the labium enter the skin, completely plugging
the hole they have made. The filariae, therefore, cannot possibly
enter by this route,

I
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III. (b)—The Fijian microfilaria is morphologically identical with
Microfilaria bancrofti.

I think, from its general characters, and especially from its lack of
periodicity, that in Fiji T was dealing with the microfilaria described
by Ashburn and Craig'® under the name Filaria philippinensis.  Although,
apart from the absence of periodicity, I failed to disecriminate the larva
from that of Filaria buncrofti, these observers make the following as
points of distinetion, and on these base their claim for its being a new
species. They assert that this miecrofilaria lacks periodieity ; secondly,
that the sheath is tightly applied to the body so that the larva cannot
move up or down in the sheath ; thirdly, that it is slightly narrower than
microfilaria bancrofti; fourthly, that it is capable ** at times " of pro-
gressive movement ; fifthly, that the posterior V-spot is marked by a

. H. BEahr del., 1910,

PLATE XVIL

Stegomyre paeudoscutellaris in act of feeding, showing stilettes entering the skin
hetween the labellas of the buckled-up labium.— Drawn from life.

papilla from which gas and fluid containing granules may be seen to
escape ; and sixthly, that the sheath ends in a thread-like extremity
quite as delicate as the flagellum of a trypanosome. As pointed out by
Low, even if they do obtain, these are very minor differences. and do I.mf”
justify the creation of a new species; certainly as regards the Fijl:fll
filaria they do not obtain. I examined a great many microfilariae in
Fiji, but cannot reconcile, in every respect, my findings with those of
Ashburn and Craig. T examined them alive in fresh blood, in dried and
fixed blood, in normal saline, in citrate solution, in hydrocele fluid, and
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stained in a variety of ways, but failed to make out any differences from
microfilaria banerofti, whether as regards the sheath or in other respects.
I have compared, under separate microscopes, the Fijian microfilaria
with microfilariae obtained from undoubted Filaria bancrofti infection
(wide Apimmilx XI., Charts XV. and XVIII.), but have been unable to
recognise any differences, whether in their movements or in their
morphological characters. As regards the tightness of the sheath
mentioned by Ashburn and Craig, no difference between the two kinds
of microfilariae could be observed in the amount and character of the
movements within the sheath.

The flagellar-like termination which these authors describe is, I must
admit, very deceptive. In watching the microfilariae in a wet blood film,
the movement of the red blood corpuscles in the wake of the worm gives
one the impression of its being caused by the action of a terminal flagellum ;
but the simulated flagellum is in reality only the collapsed and empty
posterior portion of the sheath. They mention a small papilla: this
certainly, in some instances, can be made out in the position of the
posterior V-spot, but I have never seen the granular material exuding
therefrom which they elaim to have observed.

Measurements.—In the Appendix (Table XV.) are given the measure-
ments of a number of microfilariae from Fijian blood. They were made
from blood films in which the microfilariae were beginning to be sluggish ;
also from filariae in normal saline, in citrate solution, and in hydrocele
fluid. No essential difference could be made out as between these measure-
ments and those for mierofilaria banerofti, whether obtained by myself
or given by other workers

Anterior end.—As regards the cephalic apparatus, I was not able to
arrive at a_clear conception of its peculiar features, nor was 1 able to
further elucidate the modus operandi of its various parts. The finer
details are so delicate, and the movements so rapid, that the liability
to optical delusion is great. 1 was, however, able to confirm the presence
of a fang, or at least the appearance of such an organ. It is protruded
and retracted with such lightning-like rapidity as to be almost invisible ;
I failed to stain it. In many examples in wet blood films microfilariae
were seen adhering as it were to the coverglass by the collapsed anterior
portion of the sheath ; they seemed to be held captive in this way, and w ere
making frantic efforts to get free. The posterior part of the sheath is
also very adhesive, and in virtue of this property of the sheath the
worms were able to locomote slightly, hitching themselves forwards or
backwards as the case might be, At the anterior extremity, and apparently
at the spot whence the fang is protruded. I could make out a bright
pyramidal spot, but as to the connection and funetion of this feature I
am unable to conjecture. The prepuce I could ascertain to be serrated,
and I thought six-lipped, but on this point also it was impossible to be
certain.  The striation of the body of the microfilaria appeared to me to
begin at about 6 p from the anterior end.

The anterior V-spot I found to conform with Rodenwaldt’s* description,
that is, it is oval in form when viewed sideways, with a minute opening
directed outw ards ; I was unable to recognize the genital and excretory
cells which he describes and figures.

In certain specimens, and after a great many failures, I succeeded in
ut;-ining the * central viseus " with dilute Giemsa (P1. XVIL.). Only a pro-
portion of the microfilariae on any given slide could be stained so as
to show this feature. In the posterior half of the worm, and terminating

D 2
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in a globular swelling, runs a red-staining ** granular mass 7 (Manson),
the ** Innenkirper” of Fiilleborn® occupying the space termed the
central viscus. By staining in veve with dilute neutral red solution, and
then decolorizing by means of strong electric light, Fiilleborn has been
able to demonstrate this body in microfilaria bancrofti, microfilaria
perstans, and in microfilaria loa. He gives excellent microphotographs
of the body in the two latter microfilariae. He considers it to be a mass
of reserve material ; not glyvcogen, as it does not give the reactions of
that substance. I have been able to demonstrate this body in micro-
filaria banerofti, and also in microfilariae just as they were emerging
from the parental vulva. In * vital ” staining by Filleborn’s method
I did not have much success, although in hydrocele fluid (tinted with
dilute neutral red) this mass stood out as a highly refractile spiral line,
contrasting strongly with the surrounding nuclei. It appeared to end in
a bulbous extremity. By staining with Leishman and eosin azur 11,
numbers of bright red staining granules oceupying the central viscus were
made out. In Samoa, Leber and V. Prowazek®* have demonstrated
lately this same viseus in the non-periodic microfilaria of that group of
islands. They believe the filaria found there to be the same species as
that described by Ashburn and Craig.

Microfilariae which from some cause had lost their sheaths were studied
in ** ringed " blood slides and in hydrocele fluid in which many examples
had lost their sheaths. Those in blood slides kept on ice were, after
twenty-four to thirty-six hours, found to he sheathless, especially those
filariae lying near the edge of the specimen. The sheathless form measured
about 270 » by 6 p. No special cephalic armature could be made
out in them; the fang was certainly not apparent. In one or two
specimens I saw granular excrescences at the head end, and was at a
loss to know whether they were the result of degenerative changes, such
as are extremely common in unsheathed forms.

ITI. (b)—The parental form of the Fijian microfilaria is, so far as
can be ascertained, identical with Filaria bancrofis.

A Note oN THE Apvrt Fivariag Fousp By Dr. P. H. Banr 1y Fraxs.

By R.T. Leeer, M.B., D.Se. (Helminthologist, London School of
Tropical Medicine).

On his return from Fiji, Dr. P. H. Bahr sent to the Helminthological
Department of the London School of Tropical Medicine, for confirmatory
diagnosis, a number of adult filariae obtained at operations and post-
mortems on natives of Fiji.

The following information. which accompanied the specimens, will
enable the reader to identify the individual specimens with the particular
cases from which they were derived, when these are mentioned in other
parts of the Report. Reference may also be made thus for details regard-
ing the habitat and bionomies of the worms, and the character and
incidence of the embryo filariae in the blood.
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PLATE XVII.

The non-periodie  mierofilaria stained by diluie
diemsa for half an hour, showing = eentral cell mass
of Manson or ** Innenkiérper ” of Fiilleborn,

Camera lucida drawing = 1,200 diameters,
(N.B.—The sheath iz not stained in this specimen.

[T fuce . B6.
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Length,

& Filaria adult
(Bect. IL., Table 1)

7 Filaria adult
(Beet, I1., Table n)

4 Filaria adult
(Seet. I1., Table B)
2 Filaria ¥ immature
(Bect, 11., Table o)

7 Filaria
{St‘.cl., II.. Table J-':}

2 Filaria
(Seet. I1., Table a)

? Filaria containing
live microfilarias

¢ Filaria adult
{Sect. T1., Table A)

Filaria

2 Filaria immature

I’ £ Filarin

l 2 Filaria
(Sect. I1., Table o)
& Filarin a8,
(Sect, 11., Table n)
and ¢
(Bect. 11., Table )
7 Filaria 7 5 mim,
(Bect, 11., Tahle ¥)
4 Filarin 4 25 mm,
(Sect, 11., Table ¢

G5 1,

7 maimn,

) i,

o0 omm,

25 mm,

42 mm,

31 mm,

Sl o,

B3 .

BEreadth,

0-1296 mm.

023940 rmm.

0129 .,

01524 mm,

135 mm,

=125 mm,

0-177 mm.

0206 mim.

-0 mim,

0,153 mm,

In epitrochlear lymph-
atie gland,
Preserved
aleohol,
Found eoiled up with
l.
Preserved
aleohol,
In epitrochlear gland,

in 709,

in  70%,

Preserved  in 707,
aleahol,
No  mierofilariae  in
uterns.,
In epitrochlear gland,
No embryas in
uterns,

On slide in glycerine

jelly. )
In I]:t"dmmulamd grivin
i

gland,

On zlide in  canada
balzam,

In femoral gland.

On zlide in canada
balzam,
Inepitrochlear abseess,
On slide in  canoada
balzam,

Fragment; on slide in
gl}acprine jelly.,
In epitrochlear gland,

On zlide in eanada
balznm.

Found coiled up to-
goether in epitrochlear
gland.

On shide in canada
halzam,

In enlarged Zroin
glands,

Progserved in 709,
aleohol,

0-15 rmm,
] In femoral glands,
008 1, jl'nm'r\.'ﬂl i formaling,

ToraL ; 16 worms, five males and eleven females, from G enses,
]

N.B.—The tables referred to above will be found in Section I1. of the Report,
Readers wizshing to refer to this will find further information there, one table being
allotted to female, the other to male filariae,

formalin,

Of these, 5 to 10 inclusive were mounted on miecroscopical slides ;
the others were preserved, as stated, either in 70 per cent. alecohol or in

were undamaged.

The presence of the parasites in the lymphatic system, their association
with well- known lesions, and their size and general appearance, suggest
at once, of course, that the worms belong to the species Filaria bancrofti,

With the exception of measurements, no details were obtain-

able from Nos. 6, 7, 8, 9, 10 and ¢ of 11. The remaining specimens
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or to a very closely allied form.  The Filaria bancrofti and the pathologieal
lesions commonly associated with it have been recorded from almost
every country within the tropics of Cancer and Capricorn.  On the one
hand these records differ in some cases so distinetly from others as to have
suggested to a number of writers that probably several species exist
having more or less the same habitat and pathological associations as
F. bancrofti, but differing in minute structure of adult and embryo, in
geographical distribution and intermediary host. Thus we have the
Filaria sanguinis hominis, Lewis, of India and China, the Filaria sanguinis
hominis aegyptiaca, Sonsino, of Egypt, and the Filaria wuckereri, da Silva,
of Brazil. These are at the present time grouped under the name Filaria
bancroft:, which belongs primarily to the wariety which obtains in
Australia. The mnhnn Filaria powelli, from Bombay, possibly comes
under the same heading. In Japan Filaria taniqguchii has been described
as a different form. In the Philippines an embryo has acquired local
distinction under the distressing nomenclature ** Microfilaria ™ phili ppin-
ensiz, and in British Guiana an adult as the parent of Filarin ozzardi.
On the other hand a good deal of confusion has arisen through the
description and illustration under the name of Filaria bancrofti of an
obviously different species now known as Filaria magalhesi.

In the course of the present investigation a comparison has been made
between the specimens received from Fiji and (A) Cobbold’s original
tvpe, a female collected by Bancroft in Australia ; (B) male and female
specimens, in the London School of Tropical Medicine, derived from India ;
and (¢) male and female specimens collected in British Guiana by Dr.
Minett. The conclusion arrived at is, that these particular specimens
at all events certainly belong to one and the same species, viz. Filaria
hancrofti, Cobbold, 1877.

The identity of species is based upon the following characters : (a) the
gize and gmwml similarity of the body; (B) the knnh like head bearing
two series of tiny ]*.la]uILm. (¢) the slight thickening of the cuticle lining
the mouth ; (p) the size and shape of the vesophagus; (g) the outline of
tail in male and female; (F) the presence of exceedingly delicate, closely
set, but regular, transverse lines in the euticle, which vary considerably
in distinctness. In the male (which is absent in the type) : (G) the details
of structure of the two dissimilar spicules; () the presence of a cup-like
chitinous ** accessory piece ' ; (1) the number and general arrangement
of the papillae, which are small; (1) the corrugations of the
pre-anal cuticle with its alternating striped and smooth bands; (k' the
very rare peculiarity of having more than four pairs of papillae pre-anal ;
(L) the simple testicular tube “which reaches forwards uncoiled to within
a short distance of the posterior end of the oesophagus ; (M) the snowdrop-
like termination of the testicular tube.

In the female : (¥) the position of the vulva: (o) the curious pyriform
enlargement at the terminal end of the vagina; (p) the long muscular
vaginal tube; (@) the position of the anus; (r) and the relative position
of the intestino-oesophageal inosculation and the vaginal orifice ; (s) the
absence of lateral papillae at the tip of the tail.  While certain of the above
characters might be held verv properly to characterize a separate genus
of Filariinae, to which the various alleged species might belong, the
minuter details given, such as those concerning the relationships of various
orifices and organs, could scarcely be regarded as of other than specific
gignificance.
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III. (b)—Both nematodes live in the same tissues and are associated
with the same diseases.

Filaria bancrofti has been found many times, and always in assoviation
with the lymphatic system, by other investigators. In the course of
this inquiry, live adult filariae, as already related, were found six times
in Fijians, and always in association with lymphatic glands, whether
procured by surgical operations or in post-mortem examinations. Dead
and ecaleified filariae were found a great number of times, usually in
association with lymphatic tissues, but also in other organs, as detailed
in the following list :—

Lymphatic  glands : (1) inguinal, both sets; (2) iliac glands;
(3) lumbar ; (4) mesenterie ; (5) bronchial; (6) superficial cervical ;
(7) epitrochlear (five times).

Organs : (1) testis (once); (2) epididymis (four times) ; (3) spermatic
cord (once) ; (4) tunica vaginalis (hydrocele sac wall) three times.
From Appendix VI, 8 and ¢. in which the forms of filarial disease met
with are tabulated and their order of frequency given, it will be seen
that it is just those organs in which the adult filariae are most frequently
found, viz. the I!.mplmtu' glands, that are most frequently the seat of
filarial disease in Fiji.

ITI. (b)—Stegomypia pscudoscutellaris is an efficient intermediary
host for Filaria bancrofti.

By placing cages containing these mosquitoes in a strong light, they
were induced to feed at night on the blood of a Solomon Islander
{Appendix XI., Chart 18) with microfilaria bancrofti showing well-
ma- ked nocturnal periodicity. The infection was not a large one, and
the mosquitoes did not feed at all llm{hlv Nevertheless, I was able
to study the development of this filaria in those labor: atory-fed stegomyiae,
and on three separate occasions to determine the l’“l('ll"l!L\. of this 1|:Ht~{*l.
as a host for that microfilaria.  All stages were exactly similar to those
observed in my experiments with the Fijian variety, and the ingested
filariae developed, both as regards numbers and |.1,11-|{|1I:'|r in the same
remarkable way. In one stegomyia no fewer than five filariae were
found in the ]'J'Ii'llH}‘wlf"I‘i on the twenty-first day. The development {}f
microfilaria banerofti in Culex fatigans was not attempted.

ITI. (b)—As regards adaptation to intermediary hosts, there is
a corresponding capacity.

This subject has been dealt with under 111, 1 (b) and II1. 2 (d).

IV. Assuming that the Fijian filaria is Milaria bawcrofti, it may
be that the absence of periodicity in the former is a partial
adaptation to, and impressed on it by, the habits of its usual
intermediary host in Fiji, Stegomyia pseudoscuteliarss, a mosquito
which feeds by day only.

In one case of elephantiasis seroti with enlarged epitrochlear and groin glands, the
submaxillary glands alzo wers enlarged.
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V. (a)—If a native of India or of the Solomon Islands comes to
reside in Fiji, his microfilariae retain, at least for a time, their
habit of nocturnal periodicity.

V. (b)—When a stranger acquires a filarial infection in Fiji, the
corresponding microfilariae exhibit no such periodicity, but
in this respect comport themselves in the same way as the
microfilariae of the native Fijian.

The nocturnal appearance of microfilaria bancrofti in the peripheral
blood-stream can be regarded as a remarkable natural adaptation of the
parasite to the habits of its favourite intermediary host. The night-
biting Culex fatigans has been shown, in most countries where this filaria
oceurs, to be the selective host. In Fiji, however, my experiments
tended to show the day-biting species Stegomyia pse mirn-mfh {laris to be
the selective host in preference to Culex fatigans. Should the nocturnal
periodieity of the one microfilaria be regarded as an adaptation to the
habits of its intermediary host, then the lack of periodicity of the other
microfilaria can possibly be f.'..'\]l]cllllll?fl in a similar manner.

In the large number of Indians and Solomon Islanders examined by
me in Fiji, only in those who had been resident in the islands under
a period of two years were microfilariae having a nocturnal periodicity
met with (Appendix XI., &8 and ¢); whereas in those who had resided
there for over that length of time, only microfilariae without per 1odicity
were encountered. I had the opportunity of frequently examining, over
a period of three months, the blood of a recently arrived filariated Solomon
Islander ; on no oceasion were microfilariae found in his peripheral blood
after 10 a.m. (Appendix XI., Chart XVIIL.).

In 120 East Indian indentured coolies microfilaria bancrofti (filaria
nocturna) was found in five (Appendix XI. B), all of them resident in
Fiji under three years. It is true that one gave his term of residence
as nine years, but as he was a Madrasee, and as no reliable interpreter
could be prﬂcum{l, there is some doubt about his statement.

Of the 120 East Indian coolies, seven harboured microfilariae observing
no periodicity. These seven coolies had been resident in Fiji for periods
ranging from four to thirty years.

It may be well .L{_','Jill to ]mlnl out, in explanation of the relative rarity
of filarial infection in Indians in Fiji as compared to the native Fijians,
that the two races never intermarry and rarely intermingle. I was told
that there was only one family of mixed Indian and Fijian blood in the
islands. The two races dwell apart in separate villages, and there is no
communication between them. Consequently the Indians are little
exposed to infeetion from the Fijians. There is only one instance of an
Indian acquiring elephantiasis of the leg in Fiji ; he had lived in a Fijian
village on the island of Taveuni for eight years. The comparative
rarity of the nocturnal filaria among the indentured Indian coolies may be
partly explained by the ecareful elimination of all infirm and diseased
coolies, and consequently all showing signs of filariasis, elephan iasis
and enlarged glands, both at the port of shipment in India and at the
port of arrival in Fiji.

1 was given to understand that filarial disease is rare in the Solomon
Islands. 1 found, however, six cases of F. bancroffi infection amongst
new arrivals who were undergoing medical inspection.
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In seven Solomon Islanders who had resided in Fiji from ten to thirty
years I found microfilariae observing no periodicity (Appendix X1. ).

A considerable number of Europeans, scattered about the islands
in isolated spots, were found to have filariasis. Thus in Loma Loma,
a town on Vanua Balavu, in the Kastern or Lan group, out of nine
Europeans examined, four had microfilariae and one lymphangitis and
orchitis, but no microfilarine. In every instance in which microfilariae
were found in a Buropean, they were of the non-periodic type

. (Appendix XI. n).

FirariAL PeErIODICITY.

The subject of filarial periodicity is as complex as it is interesting.
There is nothing I regret more in connection with my work in Fiji than
that I have been unable to throw any light on this interesting
phenomenon. So far from throwing light on it, by confirming 'I‘hurpe and
others in their statements as rem 'LI"{I"-I the absence of Imllmilclh in the
Fijian microfilaria, and by pr:wndmg Dr. Leiper with parent worms which
he pronounces to be identical with Filaria bancrofti, which elsewhere pro-
duces a microfilaria with nocturnal habits, if anything, I have added to
the complexity. In attmuptm&} to explain the ul:n:;l.-c t and mechanism, so to
speak, of filarial periodicity, we have to bear in mind that the phmmmmmn
is exhibited by two species of microfilariae, which, though practically
identical as regards size, shape, anatomical features and movement,
exhibit exaetly opposite periodicities, and that a third with exactly the
same size, shape, anatomical features and movement, and having the
same parent as the nocturnal microfilaria exhibits no periodicity what-
ever. And, further, that in not a few instances of genuine nocturnal
microfilaria infection, as recorded by Manson,** Low,® Calvert,?
Primrose,** and others, an oceasional microfilaria can be found in the
peripheral blood during the day.

Thus such speculation as that which attributes the periodicity of the
microfilariae to the dilatation of the peripheral*® capillaries oceurring
during sleep must be dismissed as untenable. For why should the
diurnal filaria be unaffected by this surface Ll’JI'lEl."H‘l jon, and why should
the Fijian microfilaria be Equ.:l,ll'l,' mdifferent to 1t ¥

The same objection applies to the hypothesis investigated and upset
by Manson and Whyte® that light and darkness had something to do with
the periodicity of microfilaria bancrofti, a hypothesiz afterwards =o
convineingly upset by Stephen Mackenzie's® experiments showing the
inverting effect of change of the habits of the host as regards the times of
sleeping and waking.

Then, again, and for the same reasons, Whyte's® hypothesis that
pcrlmilcltv depends on the oxygen supply, is {‘1111-1111.. untenable. In a
post-mortem of a West Indian with microfilariae, who died suddenly at
eight in the morning, a time when the microfilariae had left the per ||:-h{=|=l|
circulation, Manson®*® found the microfilariae in vast numbers in the
thoracie viscera, more particularly the lungs, and Low,* made a similar
observation in a negro of St. Kitts. Fiilleborn®** had a similar experience
in a Chinese who died of beri-beri.

In discussing this question of periodicity, too much must not be made
of the presence of large numbers of microfilariae in the lungs, for even
in the case of microfilariae {'}FHvlulq_ no periodicity, these organs are
generally crowded with the larvae in numbers f_,l\:*.!.lh in excess of what
is found in the general circulation. Thus, in Uganda, Low?® found
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microfilaria perstans most often in the lungs, and Filleborn** has shown
that¥microfilaria immitis of the dog is far more abundant in lung and
heart blood than in the peripheral cireulation. In a dog dissected by me,

and which had died of Filaria immitis infection. the microfilariae were
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PLATE XVIIL

Microscopical section of an adult female filaria lying in a lymphat ic space with
greatly thickened walls, in the substanee of a lymphatic gland. Note the micro-
filariae lying in the lymph and the fibrosizs of the gland tissue.—Camera lueida.

In the ecase from which this .t];nehn:*.:imnn waaz taken, microfilarine wern present in
the blood, but observed no periodicity.
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more abundant in the internal organs (and in the order stated, viz.
liver, heart, lung, kidney and spleen) than in the peripheral blood.
I found some in the kidneys, where Rodenwaldt® says they are finally
disposed of when effete.

In one observation the non- ]mrlmlw microfilaria of Fiji observing
no periodicity was found post-mortem in greatest numbers in the lungs.
The man was a Solomon Islander who died suddenly at eight o'clock
in the morning. He had been ten years in Fiji, and it had been ascertained
during life that he had great numbers of microfilariae in his blood. The
details of the post-mortem examination are given in Appendix XVL
Parts of a*male and of a female adult filaria were found in sections of
enlarged inguinal glands from the left groin (Pl. XVIIL. and XIX.).
The bronchial and lumbar glands were also enlarged, but in these no
adults were found. The greatest number of microfilariae were found in
smears and in sections made from the lungs. The order in the various
organs was as follows : Lungs, internal jugular vein, liver, spleen, testis ;
none were discovered in sections of the kidney.

Rodenwaldt® considers that periodicity depends on blood pressure,
and is devising apparatus wherewith to test his hypothesis. Fiilleborn®
failed to demonstrate that the rate of the blood-flow had any influence
on the behatviour of microfilariae. Strange to say, I failed to find a
single microfilaria in placental blood from a heavily-infected woman,
It is hardly necessary to say that the blood of newly-born infants of
two filariated mothers gave negative results.

It is evident that a great deal more work has yvet to be expended on
this question of filarial periodicity before a satisfactory solution can be
arrived at.

VI. The principal pathological expression of filarial infection is
the same in Fiji as elsewhere, viz. elephantiasis.

Elephantiasis is a common digease throughout the group; in certain
localities it is extremely frequent. The rate for the total population
examined was 3'536 per cent. Males were found to be more frequently
affected than females; the rate for the former being 4'8 per cent. and for
females about a third of that, viz. 1'5 per cent.

Appendix XVII. shows that the incidence of filariasis is very unequally
distributed in the different islands of the group; and that wherever
the microfilaria rate is a high one, that of filarial disease and of elephantiasis
iz also high, just as Low and ]].LI!I[’.‘IH have shown for the West Indies®
and Demerara. Thus in the town of Levuka, the capital of Lakemba
igland, of the males over twenty years of age examined, 44°1 per cent.
had microfilariae, 856 per cent. were affected with signs of zome filarial
disease, and 22'2 per cent. had elephantiasis. On the other hand, by
contrasting these figures with others in the same table it will be seen
that wherever the miecrofilaria rate is low, there the elephantiasis rate
is low also.

I may mention here that in Fiji, elephantiasis (Appendix XVIIL.) and
its associated diseases are coast diseases, From my own observation,
and I am confirmed in this by others, I feel ]llﬁt]ﬁ{'[l in stating that
elephantiasis is rare in the inland districts and aw ay from the mangrove
swamps. This exactly conforms with what I obser ved on the distribution
of Stegomyia psewdoscutellaris. These mosquitoes were encountered in
the greatest number in the island of Lakemba, and there it was that the
greatest percentage of elephantiasis was found. The towns there are
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PLATE XIX.

To show details of structure of female filaria from groin gland on section.  Same
specimen as Plate XVITI. but enlarged. —Camera Ineida.

1. Cuticle, 4. Alimentary ecanal.
2. Muscle cells of body wall. 5. Interuterine septum.
3. Perivisceral spaces. 6. Coiled embryos.

7. Owva.
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situated in the midst of mangrove swamps, the favourite haunt of
8. preudoscutellaris.  In fact these mosquitoes were far more commonly
met with in the Eastern part of the group, admittedly the stronghold
of elephantiasis in Fiji, than in the large island of Vitilevu, where
elephantiasis is rare.

VII. & VIII. The lower extremities and scrotum are the parts of
the body most frequently affected.

A very small experience in the filarial diseaze of Fiji suffices to convince
the observer of this, but it appears to me that in comparizson with natives
of China, India and the West Indies, the natives of Fiji, and probably of
other South Pacific islands, are far more liable to elephantiasis of the
upper extremities. Thus in forty-seven cases of elephantiasis encountered

1 2 o 4
. H. Bahr def., 1911,

PLATE XX,

Tracings from photographs showing enlargement of epitrochlear glands.

1. Enlarged epitrochlear in a Fijian female aged 25, There were numerous sears
of abseesges, Numbers of mierofilariao were found in the blood.

2. Enlarged epitrochlear gland in Fijian male, aged 26. There were no micro
filariae in the blood.

3. Elephantiasis of both arms in a Tongan female, aged 50. The epitrochlear
glands on both sides were enlarged, but there were no microfilariae in the blood,
(Note abseess sears over the internal condyle).

4. Elephantiasis of the arm of a curious shape with a well-marked constriction at
the wrist, in a Tongan female, aged 65.  There was enlargement of the epitrochlear
- glands, but no microfilarine in the blood.
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in native Fijians, the legs and scrotum were affected in twenty-four ;
F}m arms alone in ten ; arms and legs in six . both arms, legs and serotum
in five: arms and serotum in one; breast in one. Thornhill® mentions
clephantiasis of the arms as oceurring, though rarely, in Ceylon. In the
*acifie (Society Islands) Tribondeau® mentions elephantiasis of the arms
as oceurring in fourteen out of sixty-three cases. This condition I found
to be much commoner in females than in the male population in Fiji.
Out of eight cases of elephantiasis amongst the former, five, or about
three-fourths, had elephantiasis of the arm, as against a third amongst
the male cases.

Phot. P. H. Bahr.

PHOTOGRAFPH V.

I-llg-];hmﬂ.iu.-aira of both arms, Hhuwir:lg ]:,;mphuti:: ﬁ\'.'i.'llj'ug.-'. ahove internal condyle,

Manson states that in China, in 95 per cent. of all cases of elephantiasis,
the lower extremities alone are affected.® Low" in the West Indies,
and Daniels'® in Demerara, found the same thing. Similar figures have
been given for India.

Several of the cases of elephantiasis of the arm that came under
observation had curious baggy swellings above the condyles, which, when
aspirated, vielded abundant lymph (zide Phot. V.). Often there were
marks of abscesses situated above the internal condyle (vide Pl. XX.).
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Enlarged epitrochlear glands, which are very common amongst the
Fijians (Pl. XX, 1 and 2), and form prominent :mrcl nT}t-]{![!EllI!E tumours,
were not infrequently, although not generally (vide ,-’:.ppe_un:h::: XVIIL.),
met with in cases of elephantiasis of the forearm. Varicosity of the
epitrochlear glands (analogous to varicose groin glands) v:'u::_u!.isewed
in a young man without any signs whatever of elephantiasis in arms
and legs. A photograph is given (No. VL.) showing enlargement of the

Phot, P, H, Bahr.

PHOTOGRAPH VI.

Elephantiasis of arm and dizorganization of wrist joint. Mierofilariae present
in blood. (Left leg was also afected).

epitrochlear gland and a lymphatic swelling situated over the external
condyle in elephantiasis of the right arm ; in this case the left leg was
also affected, and in addition to this there was contraction of the fingers
and complete disorganisation of the wrist joint.

It would be interesting to know whether this seeming peculiarity in
the Fijian, and probably other South Pacific islanders, as regards the
regions of the body attacked by elephantiasis, bears any relation to the
habits of the people or to the seat of filarial invazion. At night-time
the Fijian is in the habit of lying with his body uncovered. Nowadays
nearly all of them have mosquito nets which, I may mention, are not in
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every instance mosquito-proof.  The mosquito net, however perfect,
would not protect them during the day-time—the time when . pseido-
sculeflaris is abroad. Both sexes are in the habit of working in the
day time, and with bare arms.  The women commonly wear print blouses,
fastened at the elbow, the men singlets, not reaching above the shoulders.
The women remain, to a great extent, in their hnul-wx especially so in
the Eastern group, where there is an admixture of Tongan blood ; while
the men, in a half-naked condition, work in their dalo and yam ]}M{-]lﬂh
where they are much more liable to attacks from 8. pse i[l’-’n‘l.‘iﬂi[fﬂﬁn‘lrh‘:‘-

which is by preference a bush rather than a domestic mosquito {wdr'
under hﬂ.ulmg XXVIIL.).

Phet. F. H, Bahr.

PHOTOGRAFH VII.

Pedunculated grein glands in a Fijian with double hydroceles. These glands

(vide PL. IL.), cnrmmnm., adult g and { filariae, were removed at operation.

Mo microfilarine were found in the blood. 'There were also masses of enlarged
glands in right groin.

IX. & X. On the other hand they are less liable to chyluria, lymph
scrotum, varicose groin glands and other forms of lymphatic
varix depending on filarial obstruction of the thoracic duct
above the points of entrance of the chyle vessels.
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The explanation of these possible peculiarities in the Fijian disease
is not apparent.

Chyluria.—I did not meet with a single case of this affection. Finueane'
alludes to its rarity in Fiji. I found the records of only two cases in the
archives of the Colonial Hospital at Suva relating to the last seven VEears,
Dr. B. Glanvill Corney, 1.5.0,, for twenty-seven years a medical officer in
Fiji, and for many years C.M.O., wrote me that in all his experience he
remembers only one case of a Fijian with chyluria: in this case the
¢hyluria was associated with lymph serotum.  The patient had resided,
previously to coming back to Suva, his native place, in Rotumah (a
dependency of Fiji) for twelve or thirteen vears, Brochard® mentions

“'h,_“_"

Phot., V. H. Bahr.
PHOTOGRAPH VIIL

Masses of enlarged glands in right groin; no microfilariae found in the hlood.

chyluria as being rare in the Wallis Islanders. Scheube,’ remarking on
this faect, noted that haematochyluria iz said to be the commonest
manifestation of filariasis in Egvpt. where elephantiasis is comparatively
rare. In the island of Savaii, Samoa,** Leber and Prowazek only saw
one case of chyluria.

Lymph serotum.—1 did not see a single case answering to the published
deseriptions.

E
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Varicose groin glands.—Only one reducible lymphatic varix situated
in the groin was met with in a Fijian. The mass was soft and doughy,
and no puncture yielded abundant lymph. It contained several small,
hard lymphatic glands. With this exception, in all the rest of the cases
deseribed as varicose glands, and met with by me in Fiji, the lymphatic
masses were composed of enlarged and fibrosed lymphatic glands, often
two to three inches in length, from which on puncture only a small
quantity of lymph could be aspirated, and that with difficulty (Phots. VIL.
and VIIL.). Although the varicose type is rare, those indurated ly ]H}]hqltlb
masses are extremely common amongst the Fijians, as shown in
statistical tables HLp]wni.]n VI, B and ¢). A number of these glands
were excised at operation or pust—nmrtmn, and in nearly every case live
or dead filariae were found in them, as will be presently described.

P. H. Bahr def., 1911,

PLATE XXI.

Camera lucida drawing of caleifying filaria. Dreadth, '178 mm. Removed from
cyst in a brachial lymplml ie, six weeks after an attack of lymphangitis.

X[, XII. & XII1. In many cases adult filariae occur in large numbers
in the tissues, especially in lymphatic glands and vessels, but
also in other organs such as the epididymis, testis and tunica
vaginalis.

In the latter circumstance may lie a contributary cause of the
infecundity of the Fijian.



In the situations mentioned the adult filariae may die and may
become cretified.

Under IIL. (2) ¢, a list has been given of the situations in which adult
filariae, or their caleified remains, have been found. The fact that on the
death of the parental filaria caleification may oceur, just as with Filaria
medinensis and with Filaria loa (figured by Fiilleborn),® was first
described by Wise,”® who found post-mortem in the pelvis of the kidney
and in the testes certain small, yellow bodies having the distinctive
ghape and strueture of a filaria.

Although at the time IEIIH! ant of Wise's discovery, I had no difficulty
in finding similar bodies in almost every cxmn]ﬂc of putlm]uglmlh
enlargul lymphatic tissue examined by me in Fiji.

Calcification proceeds by the laying down of lamellar plates of ealeinm
carbonate in the interior of the worm. Microphotograph 1X., of the
anterior part of a female found lying in an enlarged epitrochlear gland,
shows this. In a complete and lately defunct specimen (Pl. XXVIL.),
found in thesame gland, the process had just commenced. A later stage
was observed in a specimen (Pl. XXI. and Microphot. X.) taken
from a dilated and thickened lymphatic vessel in the arm.  The almost
perfect state of preservation of this caleified worm is remarkable. Not
only is the cuticle preserved, but also the details of the alimentary canal
and uterus, and even the calcified ova and embryos can still be
recognized. A still later stage of caleification is shown in the excellent
microphotographs (Nos. XI. and XIIL.) for which I am indebted to Dr.
John Bell of Hong Kong. A completely caleified filaria is seen blocking
an efferent lymphatic. With a higher rn.lgulfl:ulllml columnar fragments
of caleium carbonate can be seen occupying the central purhun of
the worm. I took this specimen from a mass of enlarged groin glands
removed at operation.

It would seem that at a later stage the calcareous deposit becomes
gradually absorbed; at all events in my dissections of enlarged groin glands,
minute yellow spicules, representing the mummified remains of the filaria,
were uftr:u found., Similar bodies can be found in the tissues, also in the
epididymis, testis and tunica vaginalis, but only by careful dissection.
They appear as minute, yellow, oval filaments often coiled up in delicate
cyst-like structures about the size of a millet seed, the nature of which
can be recognized on clearing the tissues in glycerine, or some other
suitable reagent.

I need not give the details of the many instances in which I found
these bodies in tissues; three instances, in which the opportunity of a
post-mortem examination made a careful search of all the tissues possible,
must suffice :—

(1). A Fijian male, aged 60. No microfilariae found in the blood. Said
to have died suddenly of heart failure after an attack of filarial fever.
Altogether the remains of fourteen adult filariae were found, viz., five
in the epididymis of both testes, but none in the substance of the testes ;
three in the enlarged lumbar glands; two in the enlarged mesenteric
glands; three in the enlarged bronchial glands; one in an enlarged
superficial cervical gland ; one in an enlarged epitrochlear gland.

(2). A Fijian male, aged 50. Two microfilariae found in smears of
heart’s blood.  No live adult worm found. Caleified filariae found in the
epididymis of the right testis,



Microphot., I*. H. Balir,

PHOTOGRAFH IX.

Commencement of ealeification in anterior end of dead 7 filaria, taken from
the centre of an epitrochlear gland.

Microphed., P. H Balir

PHOTOGRAFH X.

Caleifying filaria removed from thickened brachial lymphatic trunk (vide P1. XXT.).
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Micraphat.,, Dr. John Bell.

PHOTOGRAPH XI.

Caleified filarin from efferent lymphatic vessel, dissected oot from enlareed

glands of groin removed at operation— = 200,

Mierophao!., Dr. John Bell,

PHOTOGRAPH XII.

Detaila of the same. — x 480},
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(3) A Fijian male, aged 45. Died of widespread tuberculosis. Enlarged
and varicose groin gland on the right side. Numbers of caleified filariae
found in the following :—enlarged right iliac and inguinal glands (from
the latter three live filariae were taken); both epididymes ; the right
spermatic cord,

In the tunica vaginalis excised at operations for hydrocele caleified filariae
were found in large numbers in three cases. In one instance they were
specially .1hmuhmt forming caleareous cords in the substance of the sac
wall,

On account of the hardness of these calcified filariae, good microscopic
sections were not easily obtained. Decaleification in Von Ebner’s solution
gave the best results. In many instances in such sections, the original
structure of the filaria is well shown, and the ova and larvae in the uterine

P. H. Bahr del., 1011,

PLATE XXII.

Section of caleified filaria in an epitrochlear gland, showing that the structure,
even the ova and embryes, ecan still be recognized.—Camera lueida.

tubes can easily be recognized (Pl. XXII.). In others nothing but a

calcified shell with the anpium dividing the two uterine tubes is “all that
can be made out. In others again, a mass of amorphous caleareous
erystals is all that is visible. But in every instance the filarial remains,
no matter at what state of degeneration, are surrounded by, and encap-
suled in, thick strands of fibrous tissue.

Sections of caleified filariae, digssected out from the tissues removed at
operation and post-mortem, have been obtained in the followi ing: Epitroch-
lear gland, five cases; epididymis, twice; pedunculated groin glands,
once ; bronchial and mcﬂﬂniu ic glands, once.

The Fijians, like all Polynesians, are not a productive race. Many
reasons have been advanced as accounting for this. The rate of decrease
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of the population was at one time so serious that a commission was
appointed by the Government to inquire into its cause. Is it unreason-
able to suppose that the frequency of the infection of the genital organs

in the Fijians by the filaria, and consequent impairment of function,
may contribute to the racial infecundity ¥

P. I, Bahedel,, 1011,

PLATE XXIII.

Section of a fermale filaria lying in an epitrochlear abseess, The filaria is situated
apparently in a lymphatie space, surrounded by haemorrhages and inflammatory

colls.  Staphylococens pyogenes aurens and albus were cultivated from the pus.—
Camera lucida,
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XIV. The adult filaria is not an unusual cause of abscess, of
hydrocele, of enlarged testes, of thickening of lymphatic vessels
and of fugitive swellings resembling Calabar Swellings.

ABarESs,

Portions of adult filariae** have been found by others in that tyvpe of
abscess so frequent in tropical countries, which has been ascribed to this
canse. Such abscesses, of apparently spontaneous origin, are very
common amongst the Fijians in the substance of the gastroenemii, in
the popliteal space, in the groin and in the substance of the quadriceps
extensor, and also in the upper extremity, over the internal condyle
of the humerus, in the axilla, in the substance of the latissimus dorsi and
serratus magnus muscles.  From the statisties of filarial infections given
in the Appendix (VI.. B and ¢), such abscesses oceurred in 57'7 per
cent. of the males and 54'5 per cent. of the females.

In the ecase of a Fijian, two recently dead adult female filariae were
removed from an inflammatory w.rtlmnr containing pus. The mass was
situated over the internal condyle of the humerus, and apparently
connected with the epitrochlear gland. Cultures of the pus on blood
and on ordinary agar vielded Staphylococcus pyogenes aureus and Strep-
tococeus pyogenes. Smears revealed a great preponderance of lymphoeytes
and breaking down red blood corpuscles. In mieroscopical sections of
the tizzue (Pl. XXIII.) portions of a female were found in what I took
to be a lymphatic space surrounded by haemorrhages and inflammatory
tissue. In these sections numbers of microfilariae can be seen in close
proximity to the parent. In this case a great number of microfilariae
were present in the blood (Appendix XI., Chart IL.).

Details of a number of similar cases will be found in Appendix XIX.
It will he noted that in every one of these the pus, on cultivation, vielded
pvogenic cocei.  The case just detailed started as an rmlnmrv hmph—
angiti= with a rigor and thickening and tenderness of the lj,rmp]mtlc,
trunks involved. In this case the chain of evidence indicates that the
parent filariae were the cause in the first instance of the inflammatory
attack. that in some manner a l]alE’m{lrrh:lgn was caused, that this in turn
became infected with pyogenie cocei, and that the death of the filariae,
the originators of the trouble, was the result. I consider it probable
that in the majority of cases dead filariae, lying in pus swarming with
pyogenic cocei, ultimately become so disintegrated that they are no longer
recognizable, In one case, however, in which a groin gland was sitnated
beneath and adherent to the scar of an old abscess, a complete caleified
filaria was found in the cortex of the gland.

HyprocrLes axD Expargen TEsSTES.

These are very prevalent in some districts amongst the male Fijians
(Appendix XVIL., Bau), and are, as a rule, one of the most common
and striking expressions of filarial disease. Most of the cases
investigated were associated with elephantiasis of the serotum. The
hydrocele fluid proved sterile on culture in every case. In only
one case—an Indian four years resident in Fiji—were microfilariae
found in the fluid. They were in great numbers, and some of them very
active, Empty sheaths, dead and sheathless forms were common
(Microphot. XIIL), showing that the sac of the tunica vaginalis is not
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their normal habitat. Some were very small and with their nuclei
undifferentiated, resembling certain forms obtainable from the uterus
of the adult. In such hydroceles numerous caleified filariae were found
on dissection of the sac wall, and were often exceedingly well preserved.

1. P. H. Balie oef., 1911,

PLATE XXIV.

l. Section of a thickened brachial lymphatic containing
portions of dead filariae undergoing disintegration and
blocking the lumen of the vessel.  Note the large amount
of fibroais,

2, (Hiant-cell formation within the ealeified shell of the

dead filaria. —Camera lucida,

a
P. H. Baht def., 1011,

In one such ease the hydrocele was associated with elephantiasis seroti
(Phot. XIV.). The filariae were massed together, forming great plaques
and thick caleareous strands in the substance of the sae wall. Sections
of these hydrocele sacs do not shed much light on their pathology.  There
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is apparently great hypertrophy of the fibres of the eremaster internus
muscle. In the epididymis of an enlarged testis carrying a hydrocele,
a ragged cavity, in the wall of which were caleified filariae, was discovered.
The corresponding testis was enlarged, tough and hl;rn.f:.e{L and on
idlissection one caleified filaria was found in it also. The reader is referred
to Appendix XX. for the details of eleven additional cases.

THicKENING 0F LyMPHATIC VESSELS,

The lymphatics of the upper arm, or of the thigh, could be felt as
thickened cords in 97 per cent. of all the filarial cases examined ; in
several this constituted the only objective sign. Owing to the relatively
=small calibre of those lymphatic trunks a considerable amount of thicken-
ing must be undergone before they become palpable ; it is therefore guite
likely that minor Llfey ees were overlooked. In a Fijian, whose case
I have already mentioned (Appendix XI., Chart XX.) and in whom
numerous microfilariae were present, such a ihll,"‘l{l;ﬂ['ﬂ cord could be felt in
his upper arm immediately above the internal condyle. It was excised,
and a strand two inches long dissected out from a mass of surrounding
inflammatory tissue. On teasing out this strand in normal saline, a
thickened lymphatic with numerous cystic dilatations was discovered.
From one of these dilatations the specimen figured (Pl. XXI., Phot.
X.) was removed. Sections were made of another of these tlllatﬂ.tluns
(Pl. XXIV.) displaying the partially calcified remains of filariae, lying in
a mass of amorphous material, and surrounded by coarse strands of
fibrous tissue.

The filaria during its lifetime, as well as after its death, exerts
an influence on the wall of the vessel in which it lies. The enormous
invasion of the vessel by fibrous tissue in such a case is well shown in the
specimen illustrated in Pl XVIIL.

Further blockage of the lymphatics seems to be contributed
to by the |}|f'|11|'{=1:=!.i.|ﬂn ol the Immu endothelinm (see Pl. XXVI., 2).
\Et,m;]a such as that depicted, are common in sections of h]d.rmtud
lymph glands. Sections were cut of the vessel from which the dead
filaria f][‘;}]tT{"l’l in Pl XXVIL., fig. 1, was removed. The worm in thifa
instance was taken from an P]I]r“E{"l epitrochlear gland in which,
addition, many calcified filariae were also found.

FuGITIVE SWELLINGS LIKE CALABAR SWELLINGS.

Evanescent swellings, appearing on the arms and thighs without any
other assignable cause, have lately been shown to occur in natives and
Europeans in West Africa in association wiih Filaria loa. Of these
T Imm]}ﬂ,tnn{wﬁ in his or lguml deseription says : *° The swellings are about
half the size of a goose’'s egg; they are |111|11¢::sa though somewhat hot,
both objectively and subjectively : they do not pit on pressure, and they
usunally disappear in three days.” Fugitive swellings, apparently of a
similar nature, found at the bend of the elbow and nlung the inner
sidle of the biceps, were reported by Young®’ as occurring in a native of
Jamaica. One of these was excised and found to consist of dilated
lyvmphatic tissue. From an inflammatory mass adherent to the
skin on the opposite arm a living Filaria bancrofti was removed.
Swellings, in all probability of the same nature, were observed in subjects

B=y i
of filarial disease in Fiji. Curious, ill-defined and singularly evanescent
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Micraphat., T'. H., Bahr.
* PHOTOGRAPH XIII.

Sheathed and unsheathed microfilariae in hydroecls fluil.

Phot., P. H. Bahr.

PHOTOGRAPH XIV.

Hydroceles associated with elephantiasis seroti and left leg. A great number
of caleified filariae were found in the hydrocele sac walls at operation.
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inflammatory lumps made their appearance on the scalp and thigh of
my Fijian cook, whom I had ascertained to be the subject of filarial
infection. He was under constant daily observation for ten months.
I saw a similar swelling in a I'.urn]unm, he had been resident in the
Colony for sixteen years, and had microfilariae. The lum]} was situated
on the inner side of the upper arm, on the inner margin of the biceps.
It was about the size of a two-shilling piece and slightly painful. Beneath
it a thickened vord with a eystic dilatation could be felt. Soon after
the appearance of the swellings the patient had a rigor and fever. A
similar lump, smaller and not so painful. then made its appearance
about the centre of the flexor surface of the forearm. When examined
a fortnight later both swellings had disappeared, and a small amount of
subentaneous thickening only remained. A red inlammatory mass of a
similar nature was noticed on the inner aspect of the thigh in a European
whose case has been related already and who suffered from two attacks
of lymphangitis while under observation. The mass was painful, and
red streaks of lymphangitis extended from it. Thickened lymphatic
cordds could be traced upwards to the inflamed and swollen groin
glands. The mass on the thigh was aspirated ; the fluid so obtained
proved sterile on culture. After a week the swelling could no longer
he felt.

Inflammatory masses situated in the abdominal wall were met with
twice. In neither case were microfilariae present in the blood.  In
both there was a high intermittent temperature and lencoeytosis. In
these also the aspirated fluid was sterile.  One was operated on and the
mass excised, but no adult filaria was found on dissection. In both
patients the painful masses dispersed as rapidly and mysteriously
as they had come. Further details of such cases will be found in
Appendix XXI. :

There can be no doubt, 1 think, about the filarial causation of the
foregoing lesions. 1 am not so confident, however, that such an etiology
applies to the three conditions I shall next allude to; the evidence is not
s0 complete, although one is inclined to think that their association with
other forms of recognized filarial disease is of too frequent oceurrence
to be merely a chance coincidence.

Thrombosis of large veins I noted four times. Details of the cases will
be found in Appendix XXII. Thrombosis of sudden onset of the median,
axillary, internal saphena and femoral veins was noted. Besides filariasis,
no other 1cmg111mh]r cause could be conjectured. Microfilariae were
not present in the blood of any of the cases. In two cases there was
distinet evidence of a ~.111w|n:|1|:|n-~ml septic infection.

Synovitts —Two cases of synovitis of the knee, of sudden onset, ending
in ankylosis, were encountered (see Appendix XXIIL). There was
high temperature in both. One had enlarged groin glandﬂ; containing
numbers of caleified filariae, and microfilariae were found in the blood
and in the gland exudate. The second had a typical attack of filarial
adenitis and orchitis immediately preceding the appearance of the
synovitis. In both cases the knee was considerably swollen, and
a thin, purulent sterile fluid (containing no microfilariae) was aspirated
from the joints.

Haemorrhage —Adult filariae have been found in the centre of blood
clots by Daniels and Wise. Haemorrhage in connection with filariasis
was noted by me twice in Fiji. The first case was in connection with a
filarial abscess (Pl. XXIII.). The second occurred in connection with




PLATE XXV. P, H, Bahr del., 1911,

1. Section of an enlarged inguinal gland removed at operation, showing portion
of a caleified filaria, encapsuled by fibrous tissue. A lymphatie vessel with thickened
walls and extensive fibrosis of the gland tissues is seen at X. A giant cell is seen
lying between two separate sections of the filaria,

2. Section of an enlarged groin gland showing caleified filarias {n situ encapsuled
by fibrous tissue, A giant cell appears to have formed round one seetion of a dead
filaria. A represents a fibrous nodule from which a portion of a ealeified filaria has
beon absorbed. B, an accessory lymph space,

3. Extenzive fibrozia of lymphatic tissue. A section of an epitrochlear gland,
from which thirteen adult filariae were removed.—Camera lucida.
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the lymphatics of the spermatic cord. A Fijian was admitted to hospital
with a typical attack of orchitis and frequent rigors. A nodule, the size
of a filbert nut, was present in the substance of the spermatic cord.
This was exquisitely tender. The inguinal glands on both sides were
enlarged, and there were numerous microfilariae in the blood. The lump
was exeised and carefully examined macro- and microscopically. It was
found to consist of numerous old and recent haemorrhages encapsuled in
fibrous tissue. No adult filarial remains were found in it.

XV. Whether alive or calcified, the filariae are the direct cause
of fibrosis and blocking of glands and lymphatics.

As may be gathered from what I have said already, enlargement of
the groin ;__,rlnmls and epitrochlear glands is frequent in Fijians; in fact
it is the commonest manifestation of filarial disease among them
(Appendix VL., B and ¢). After the discovery of the adults in enlarged
epitrochlear glands removed at operation, I paid special attention to
this point, with the result that in 1,264 persons these glands were found
to be enlarged in 281 instances, 34'6 per cent. of whom had microfilariae
in their blood, and 654 per cent. had not (Appendix VI. n).

(a) Epitrochlcar glands.—The changes induced in these glands by
the filariae were studied in five specimens removed by operation.
Details of the cases will be found in Appendix XXIV. (1). PL XXV.
(3) was drawn from a section of a Ilymphatic gland in which
thirteen adult worms were found. It will be seen that there is great
hyvperplasia of fibrous tissue, strands of which run through the whole
substance of the gland; giant cells are also present, but in small
numbers. The trabeculae are greatly thickened, and the lymphocytes
are collected in clusters between the strands of fibrous tissue. The
lymphatic channels are greatly thickened, and in some places com-
pletely blocked and merely represented by nodules of fibrous tissue
(Pl. XXV. (2), o). Dilated blood-vessels are seen in the centre of
these glands and npumerous spaces (Pl XXV. (2), B) filled with
coagulated lymph which may possibly represent aeccessory lymph
channels. In those glands in which caleified filariae were found, numerous
giant cells are also seen. These are peculiarly large, generally oval in
shape, and differ considerably in appearance from giant cells of
tubercular origin. The nuclei, as a general rule, are large and are
arranged radially around the penphf'rv of the cell. In no instance were
tubercle bacilli or coeci found, although searched for in every case ; indeed
there was never any apparent reason for suspecting that these enlarged
glands were of a tubercular nature.

(8) roin glands.—The changes induced by the presence of the filariae
in the pathologically enlarged glands were studied in eleven cases,
details of which will be found in Appendix XXIV. (2). In three of
these living filariae were found, and in nearly all the others portions of
calcified specimens. Some of the individual glands were very large, as
that depicted in PL II., which was over three inches in length. The

central lmrt is fibrosed, the cortical hypertrophied. Sections of many
of my specimens show this change (Pl. XXVII.). The lymphocytes
are seen to be aggregated into little islands surrounded by fibrous and
inflammatory tissue. In the cortical portion, thickened lymphatic trunks
with lumina almost completely occluded (Pl. XXV, fig. 1) are frequently
seen. In the sections, portions of caleified filariae, surrounded by thick



. H. Bahr del, 1011,

PLATE XXVI.

1. Dead and dizintegrating filaria removed from (a), a caseous focus in an enlarged
epitrochlear gland, (B) caseous material, () microfilariae undergoing disintezration,
() filarial ova, cosinophiles, and lymphoeytes.

2. Section through area from which the specimen figured in (1) was removed.
{a) Lymphatic vessel blocked by the proliferation of the endothelium; (B) spaces
filled with lymph; () greatly fibrosed lymphatic tissue.—Camera lueida.
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strands of fibrous tissue. and in some cases mant cells, are common. In
some instances the caleification has proceeded to such a degree that the
ontline of the parasite and the septum between the uterine tubes are all
that can be recognized (Pl. XXV. 2). In one section a giant cell,
apparently produced in response to the irritation caused by this foreign
body, lies in close apposition to a caleified filaria. Close by, nodules of
fibrous tissue of concentric structure (Pl. XXV. (2), A) are seen, repre-
senting, 1 conjecture, areas from which the calcified remains of a filaria
have been absorbed. The complete absorption of these remains is prob-
ably a matter of time, for in one of these enlarged glands no calcified
filariae could be found, although the changes invariably associated with
their presence were very evident. A completely caleified filaria was
removed (Microphot. XI.} from the efferent and thickened lymphatic
channels of such a gland. In one case (Appendix XXIV.), examined
post-mortem, numbers of calcified filariae were found in various parts of
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P. H. Bahr del., 1911.
PLATE XXVIII.

1. Section of enlarged mesenteric gland showing areas of amorphous material,
probably organiging stagnatoed lymph, enclosed in hyaline fibrous tizsue.  There
15 marled fibrosiz of the gland substance.

2. Section of a lumbar gland from the same caze showing masses of hyaline tissue

and giant cell formation.— Camera lueida. .
the body, especially in the epididymis, and living filariae in enlarged
glands in the right groin. The abdominal lymphatics were in a varicose
condition. An enlarged groin gland, removed from another man with
elephantiasis of the leg on the same side, was found to he studded with
caleified filariae, and showed, microscopically, changes similar to those
already described.

Fibrosis of a similar nature, and associated with an excess of eosinophile
cells in the glandular substance, was noted in sections of the inguinal,
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P. H. Bahr def., 1911.
PLATE XXIX.

Mieroscopical section of the epididymis. A female filaria, undergoing dizsintegration, is 2een in a

space surrounded by lymphoeytes, pus eells, and eosinophiles, amongzt which numerous embryos

ean be recogmized. The fibrosis of the surrounding tissue is marked. From a Fijian who died
after an attack of filarial fever, Seection stained by haematoxylin and eosin,
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lumbar and posterior mediastinal glands of a Fijian in whose blood
microfilariae were found post-mortem. Caleified filariae were found in
the right epididymis.

In a post-mortem I was fortunate enough to obtain of a Fijian who
is said to have died after an attack of filarial fever,* a large number of
calcified filariae were found in the different tissues, and sections were
made of the inguinal, iliac, pelvie, lumbar, mesenteric, bronchial, and
epitrochlear glands. They all exhibit varying degrees of the characteristic
fibrosis.

In the lumbar glands (five microscopically examined) giant cells of
an oval shape, and often of a large size, are seen surrounded by a peculiar
hyaline substance in which fibroblasts can be distinguished (Pl.
XXVIIL, 2). In the mesenteric glands (Pl. XXVIIL., 1) similar
structures can be found, and also cireular areas of amorphous material,
staining pink with eosin. In the centre of these a few lymphoeytes
are to be seen. It has been suggested to me that these structures
(which are extremely numerous in my sections) represent areas of
stagnated and organizing lymph.

The influence which the living filaria exerts in the vessel wall in which
it lives, is shown in the specimen depicted in P1. XVIII. In addition
~ to this thickening there is fibrosis of the surrounding glandular tissue.
In the centre of the vessel is a mass of coagulated lymph containing a
few microfilariae.

Epididymis—In sections of the right epididymis of this last case,
portions of a recently dead and disintegrating filaria (Pl. XXIX.) were
found in a eavity surrounded by polymorph, lymphoeyte, and eosinophile
cells.  Intermingled with these were ova and microfilariae. No structures
resembling the vasa efferentia remain, the space occupied by the filaria
being surrounded by thick bands of flhl*m,u-;. tissue and dilated blood and

lymph vessels.

XVI. Eosinophile cells are present in large numbers around both
the living and the calcified filariae.

As has been related already, great numbers of eosinophile cells have
been found in the grumous substance usually found surrounding live
filariae in the substance of a lymphatic gland. Smears of this substance
consisted of eosinophile cells, lymphoeytes, a few red blood corpuscles,
and amorphous bodies of a erystalline nature, possibly exereted by the
parasite. In microscopical seetions the eosinophile cells become very
apparent if the slide is treated with eosin for about ten minutes and then
partially decolorized in 70 per cent. alecohol. In all sections of enlarged
glands, with only two exceptions, these cells were noted in great pro-
fusion (Pl. XXX.}. They apparently lie among the strands of fibrous
tissue enclosing one of the islands or collections of lymphoid cells 1 have
already mentioned (p. 62). Similar collections of eosinophile cells have
been seen in the section of a filarial abscess (Pl. XXIIL.) ; round a filaria
in a case of lymphangitis (Pl. 1I1.) : in the epididymis (Pl. XXIX);
and in a thickened lymphatic trunk (Pl. XXIV.).

L ||.:|>- pr.':hil, mortem will be more fully treated under heading X. and Appendix
XXV
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XVII. Calcified filariae have been found in the interior of and
blocking the vasa efferentia.

In one instance. sections were obtained of a caleified filaria dissected

out from the substance of the epididymis. The caleareous material

was, to a great extent, removed by Von Ebner’s solution. The resulting

I*. H, Bahr del., 1911.

PLATE XZXXI.

Section of a caleified filaria in the epididymiz, showing the manner in which the
vasa offerentia are blocked and their function dest |‘ll3,':'=:i. Camera lucida,

preparation is illustrated in PLL XX XT. Dark staining amorphous masses,
representing the remains of the filaria, and are seen lying in the lumen
of the vasa efferentia. In several sections part of the ciliated epithelium
is visible ; in others it appears to have bheen completely destroyed.
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. H. Bahr Jdei., 1911,
PLATE XXZX.

AMicroseopical section of an enlarged lymphatic gland (from a pedunculated mass
in the oroin), showing fibrosiz of the gland’s substance and a great number of
eozinophile eallzs,  The lymphoeytes are ageregated into clumps @ eosinophile
cellz are found at the periphery of these clumps and seattered throughout the

fibrons stroma.  From a Fijian male, aged 25,
Section stained by hacmatoxylin and eosin,
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This specimen was obtained from a case of elephantiasis of the serotum
in which the testes were enlarged, and contained a ragged abscess cavity,
discharging thick pus.

It can be readily understood how, if these vessels be a frequent habitat
of the adult filaria, this ecireumstance will contribute to the further
impairment of the function of the generative organs.

XVIII. Microfilariae emitted by the parent worm may not reach
the general circulation, perishing in the gland or organ in which
they are lying.

Since filariae of both sexes have been found together in the same
Iymphatic glands, it is not unreasonable to suppose that their microfilariae
are emitted in the substance of these glands, whence they may endeavour
to reach the general circulation. Such microfilariae were obtained by
gland puncture on six occasions. Onee 1 found them in hydrocele fluid,
and once in purulent fluid from the tunica vaginalis. In two instances,
both easzes of lyvmphangitis, they were found in the gland juice lllln‘il}dlﬂtoh
before their 1E|5rl| pearance from the blood-stream.

In three cases the microfilariae were small, with sheath distended
anteriorly and posteriorly, and nuelear structure still undifferentiated,
resembling closely the small forms 1 have often seen emerging from the
vaginal orifice of the adult worm.

In two instances, besides the microfilariae, filarial ova and empty
sheaths were found in considerable numbers. It is specially to be
noted that in one of these instances wo microfilariae could be found in the
blood, but appearcd there some cight months lafer.  In one of the cases the
mierofilariae inthe newly-drawn lymph exhibited no signs of life.

Eight microfilariae were obtained in gland lyvmph from a case of
Iymphangitis of the leg in association ull]] :'lt-phdlltmhh They did
not differ from those fulm:] in considerable numbers in the blood.

[nacase of hvdrocele, mierofilariae abounded in the fluid when only a few
could be found in the blood-stream. Of those in the hydrocele many were
dead, and empty sheaths and sheathless forms were frequently encountered.
[ conjecture that when the fibrosis of the gland substance has advanced
to a certain point, the microfilariae are unable to reach the lymph-stream
and, consequently, the blood-gstream. Else how account for the absence
of microfilariae in those cases in which sexually mature female filariae
were observed actually emittine living larvae, and vet none of these
larvae could be found in the blood.

XIX. Periodical discharges of microfilariae may be a factor in
the production of lymphangitis, orchitis and funiculitis.

Microfilariae, as related in the last paragraph, were discovered in
Iymph from the implicated glands in cases of lvmphangitis.

I have notes of one case of recurring orchitis in which microfilariae
were obtained {rom the tunica x'.lg_,':lmllﬁ at the commencement of each
attack. The patient was the Fijian cook already alluded to. Being
my own servant, I was able to make frequent and minute observations,
While in my service he had three attacks of orchitis.  Judging from the
many counts made over a period of ten months the number of microfilariae
present in his eirculation was wonderfully constant (mide Appendix XXV,
and Chart). No disappearance, or even marked diminution took place

2
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either before, during or after any of the attacks of orchitis. ]'}urmg the
first there was local inflammation of the glands of the left groin, the
temperature of which was constantly one degree higher than that of the
axilla. The adenitis was followed by inflammation of the right testis.
A second attack, five months later, was ushered in by inflammation of
the left testis, followed by a similar condition in the right. The spermatic
cord of the Iﬂit side was inflamed and tender, and a definite, inflamma-
tory mass could be distinguished in its substance. During this attack
a collection of luid was noticed in front of the right testis.. On aspiration,
purulent fluid containing great numbers of live microfilariae was obtained ;
several sheathless forms and empty sheaths were also found in the fluid.
In ringed preparations the microfilariae died almost immediately; whilst
in samples of finger blood, taken simultaneously and treated in a similar
manner, they lived thirty-six hours. Immediately after the attack
this collection of fluid disappeared. The appearance of a similar swelling,
containing identically the same kind of fluid and miecrofilariae, coincided
with the third attack of orchitis. On this occasion quite 9 c.e. of fluid
were aspirated. Cultures of the inflammatory fluid, made on several
occasions, remained sterile.  Af the conclusion of my observations on this
man, a similar swelling, unaccmnpanmd by fever, was noted in the tunica
:L,gnmllz-, of the left side; it contained lelfh' straw-coloured fluid in
which a very few live microfilariae were found. In the case of those
awellings, called Calabar Swellings, produced by Filaria Ioa, it has been
suggested by Manson'*that the outpouring of embryos into the surrounding
1|Ha-mi=:5 by the parent worm may be a factor in their production. In one
subjeet, in whose blood microfilariae with a well-marked diurnal periodicity
were found, he was able to demonstrate great numbers in lymph drawn
from the q.ﬁ*ntrﬂ of one of these swellings. The facts of the case related
above would suggest that the sudden outpouring of microfilariae into the
glandular substance in the first instance, and into the tunica vaginalis
in the second, was connected with the respective attacks of adenitis
and orchitis. Continued attacks of a similar nature would result in the
production of a hydrocele, a contingency which actually did take place.

Anyone who has studied this condition will se: arcely deny that the
etiology of this form of endemic orchitis and lymphangitis are in all
probability similar, and that if this be the explanation of the origin of
the attack in the former, it must also hold good in the latter.

A case of lymphangitis of the arm was recorded in a Fijian in whose
blood no mierofilarine could be found (Appendix XXV). The lymph
from this case as in all the others, was sterile.

From the detailed notes in the Appendix, it will be seen that a
moderate leucocytosis was noted in every case of lymphangitis or
orchitis accompanied by a high temperature.

XX. After such inflammatory attacks the parent worm may perish.

The death of the parent filaria has been adduced as explaining the
disappearance of the microfilariae from the blood.  With the exception
of my cook’s case and one other, the disappearance of microfilariae was
noted in seven out of nine cases of lymphangitis and orchitis which came
under my notice.

Plausible as this explanation appears to be, it does not assist us in
umlcﬁl.uuimg the course of events in those few cases where no diminution
in the number of microfilariac was noted. [ conjecture that in these

L
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cases several female filariae were present in some other part of the
lymphatic system, and that they were responsible for the microfilariae
in the blood ; and fhat the worms. the cause of the inflammatory reaction,
had never succeeded in getting their offspring into the circulation. It
may be that the attacks of ly :mphanrrltm are due to the sudden emission
of microfilariae, and that the ah-!.m]ﬂ ion of some toxic substance, liberated
by their destruction, leads, not only to the inflammatory disturbance,
but also to the death of the parent worm.

 That the presence of microfilariae may not be essential to the production
of filarial lymphangitis, was indicated by one typical case (Appendix XXV.)
in which the lymphatics of the forearm were attacked. In this case
no miecrofilariae could be found, either in aspirated lymph or in the
blood.

It will be remembered that the dead and caleified filariae which I found
were located in the usual seats of lymphangitis (epitrochlear and groin
glands). The remarkable specimen figured in Pl. XXI. and Microphot.
X. was obtained from brachial lymphatics whick, six weeks previously,
had been attacked with severe inflammation.

“LaLiwa™

Is a form of filarial disease, not yvet alluded to, which appears to be a
purely febrile condition. This form of fever is common in heavily-
infected districts, and is unassociated with any clinically recognizable
inflammatory trouble. It is termed by the natives “[ldiwa™ (i.e. rigor),
in contradistinetion to the lymphangitis of the extremities, which is
known as “wenganga’. It is not unreasonable to aseribe it to the
absorption of the dead filariae or their products.

Six cases were studied in detail (Appendix XXVI.a). The onset is
sudden, and iz ushered in by rigor. The eyes are blood-shot, the skin hot
and burning ; often there is vomiting. There is marked leucocytosis.
In four casges no microfilariae were present in the blood ; in one (described
in Appendix X., Case 7) they disappeared after a second attack. There
were marked bronchitic signs (these also were noted in cases of lymph-
angitis and orchitis) and the temperature often reached 104° and 105°F.
The attacks are usually of short duration, and at the end of forty-eight
hours all symptoms had disappeared.

1 was fortunate enough to obtain a post-mortem on a case of this
sort. The patient died suddenly, apparently of heart failure (details
in Appendix XXVI.B). A great many caleified filariae were found
in the lymphatic glands, which were all enlarged and showed on
section extensive fibrosis and giant cell formation, and, especially
in the mesenteric glands, the curious structure depmtecl in Pl. XXVIII.
There were marked signs of back pressure in all the organs.
The spleen was dark and diffluent. No microfilariae were found
in the many blood smears made, nor could the presence of any
septic organism be substantiated. In the substance of the right
epididymis there was distinet evidence of the recent death of a parent
filaria (Pl. XXIX.) and of destruction of the microfilariae, great
numbers of the latter, in a disintegrating condition, being found in
yellow purulent material which exuded from the epididymis on section,
No bacterium could be demonstrated in this material, nor any livefilariae
in the tissues, after an extensive search,



P'. H. Bahr del., 1911,

PLATE XXXII.

1. Section of iliae gland, from a Solomon [slander with adenitis and synovitis
of hip-joint, showing fibrosis of gland substanee and giant cell formation.  Staphylo-
coecus pyogencs albus was enltivated from the lymph.

2. Part of the uterus of a disintegrating filaria containing ova and embryos found
in smears of caseous material which exuded from the same gland. —Camera lueida.
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XXI. Lymph from such inflammatory foci may be sterile or may
be the seat of bacterial invasion,

In every case in which cultures were made from lvmph aspirated from
non-inflamed enlarged glands (Appendix XXIV.) the lyvmph proved to
be sterile. The precautions taken in every case were the same. To
obviate contamination with skin organisms, the skin was first seared
with a red-hot metal rod; the needle of the syringe was also heated
in the Hlame before insertion.

Rimilar precautions were adopted in making cultures from cases of
lymphangitis (Appendix X.), but whether the lymph was inoculated
on to agar, blood agar, or hydrocele fluid, it proved to be sterile after forty-
eight hours incubation.

In cases when the glands continued to be inflamed for a long period
it was otherwise. In one case (Appendix X., Case 1) there was direct
evidence of the infection of the lymphatic glands coincident with the
dizsappearance of the microfilariae from the blood, the pyvogenic infection
leading eventually to a fatal result. In another case, evidence of a
similar sepsis was obtained. The case was that of a Solomon Islander,
admitted with typical atlenitis of the glands of the right groin. His
temperature remained high, and the hip-joint became inflamed.
The enlarged external iliac glands were removed.  Staphylococens pyogenes
albus was cultivated from lymph from these glands, obtained botl before
and during the operation. On cutting open one of the removed glands,
beads of putty-like material exuded from the surface of the sections, and
in this a portion of the uterus of a recently dead filaria containing embryos
was detected (Pl X X XII., 2).  No tuberele bacilli conld be demonstrated
in smears of the purulent material. The mieroscopie findings were (PL
XXXII.) very similar to those figured in Pl. XXVIIL. In the sections,
numbers of large giant cells, lying in a peculiar hyaline substance and
amongst the strands of fibrous tissue, are to be seen.  After operation the
patient made an uninterrupted recovery, and all symptoms disappeared.

The second case, though starting as a typical filarial adenitis, developed
a psoas abscess, due to Staphylococcus albus.  The history of two
additional cases was similar and in all probability their etiology was the
same (Appendix XXVIL).

Instances of a like nature have been recorded in British Guiana by
Wise, " especially one in which a blood-stained effusion was found in the
substance of the psoas muscle containing portions of an adult worm
and great numbers of unsheathed microfilariae, and, as he remarks,
all the conditions were favourable for the development of a psoas abscess
in the presence of a pyvogenic organism.

Such cases are very instructive in view of early treatment, for the
fibrosis of the lymphatic glands in filarial infection must tend to lower
the resistance of the body to infection by the tubercle bacillus, as well as
by pyvogenic organisms.

The Fijians are extremely liable to tuberculosis, and die from that cause
in great numbers. Glandular tuberculosis is often found post-mortem.
Two instances of tubercular infection of glands were noted. A Fijian
had typical attacks of filarial adenitis of the axillary glands. The glands
became enlarged and matted together, and eventually broke down,
leaving a discharging sinus. No septic organisms could be found in the
pus, but tubercle bacilli were demonstrated in sections of the glands
removed at operation. A second case died of general tuberculosis after
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operation for elephantiasis of the scrotum. The groin glands became
enlarged and eventually broke down, discharging pus in which tubercle
bacilli were found. In one gland, which was excised, calcified filariae
were found. Microscopical sections presented the typical picture of a
tubereular gland.

XXII. Lymph from inflamed elephantoid tissue is usually sterile.

Lymph obtained by puncture with a sterile syringe from non-inflamed
elephantoid tissue invariably proved sterile (Appendix X XVIIL.).

I had only one op |}mi11n1f‘l. of investigating a case of elephantiasis
during one of the inflammatory attacks. The Ihlillﬂ'ﬂgltd] process seemed
to me to be entirely similar to that observed in ordinary cases of filarial
Iymphangitis. The case was that of a male Fi ijian, 33 yvears of age, with
t']c-phmm.m% of both legs, the left arm, and the secrotum. He had numerous
rigors, and there was adenitis of lh{* glands of the left groin, if:gLihl}r
with lymphangitis of the left leg. There was great tenderness in the
glands and along the course of the lymphatics. The skin over the gland
of the left groin was seared, and a considerable amount of lymph abstracted.
The cultures on blood agar proved sterile. There were numerous miero-
filariae in the blood, and they were also found in the gland lymph.

All observers are mgrwcl that, as a rule, repeated attacks of lymphiangitis
precede the production of elephantiasis; cases, however, have been
recorded by Low?* in the West Indies and by others elsewhere, in which
there had been no febrile or inflammatory attack. Such a case came under
my notice in Fiji. The patient was a white trader who, though suffering
from decided elephantiasis of both legs, was quite positive that he had
never suffered from acute l}llll”llh'll'lj__.I“H (Appendix XXIX.).

There is a popular belief in these islands that on leaving the
endemic area these inthmnmtm‘r attacks cease. 1 have notes of the
case of a Buropean lady with elephantiasis of both legs, who was a constant
martyr to these attacks while in I"l_]l (Appendix XXIX., 2), but who
enjoyed perfect health when absent in New Zealand.

One United States citizen, whose history appeared reliable, began to
suffer from lymphangitis, leading to elephantiasis of both legs, after only
three months’ residence in Fiji (Appendix XXIX.,3). Usually, however,
a longer residence in the endemic area is necessary before the appearance
of the familiar symptoms, as may be gathered from the details of cases of
four Europeans given in Appendix XXIX., 4. One of these suffered from
his first attack of adenitis and orchitis after one-and-a-quarter years
residence in Lakemba.

Le Dantec*” found a diplococens in the subeutaneous tissues in
elephantiasis and in association with a staphylococeus in the blood. On
injecting the staphylococeus into a rabbit’s ear, he produced in that organ
frequent ery '-11|1{-|.1tu|1| attacks, followed by an elephantoid condition.
Dubruel,” in Tahiti, found a similar stw]}tnmmuh in the blood and serum in
casges of lymphangitis, but does not give any details of his t-::chmquc Le
Dantec’s staphylocoeeus has been termed the ““lymphococeus.” It has been
further investigated by Foulerton®* and Miss Whittingham ; they pro-
nounce it to be identical with Staphylococcus pyogenes albus. Lately,
Leber®® and Prowazek found streptococei in filarial swellings, and in the
blood of a European who suffered from lymphangitis in Samoa. In the
elephantiasis occurring in temperate zones and known as elephantiasis
nostras, with concurrent lymphangitis,,Sabouraud'™ has demonstrated a
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streptococeus in the blood during the erysipelatoid attacks. In the
remarkable case quoted by Sampson Handley®® diplococei were cultured
from the blood of the arm and lymph of the leg, and the condition of
the patient, who suffered from marked elephantiasis of the leg, rapidly
improved on treatment with a vacecine made from these organisms. In
addition to this it has been shown that septic infection concurrent
with filarial disease is of frequent oceurrence.

The prima facie evidence for the streptococeal nature of acute erysipela-
« toid attacks in elephantiasis is therefore a strong one.  In my own experi-
ence a case of marked lymphatic oedema of the arm, accompanied by
febrile disturbances, and secondary to an axillary abscess, was studied.
Staphylococcus pyogenes albus could be eultivated from the lymph which

Phat,, P. H. Bahe,

PHOTOGRAPH XV,

A ease of elephantinzis seroti.  The uterus of a dead and disintegrating filaria
was found in this case in the contre of the diseased tissue,

was easily obtained from the swelling. Microfilariae were abundant in
the patient’s blood, and in the centrifuged deposit of the lymph obtained
from the arm their sheaths could be found. In three months time after
the first onset the oedema had all dispersed, but microfilariae were still
present in the blood, and in almost the same numbers (Appendix XXIX. 5).

Against the necessity for infection of the lymph-stream by pyogenic
organisms, in at least some of these cases, we have the facts that
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elephantiasis does sometimes develop without the concurrence of any
febrile disturbance, and that lymph abstracted with aseptic precautions
from the inflamed tissue has proved sterile on culture.

XXIII. The precise mechanism of the production of elephantiasis
has yet to be determined, but that the filaria is a principal
factor is hardly open to doubt.

The frequent absence of microfilariae from the blood in cases of
elephantiasiz has been advanced as an argument against the filarial
production of this disease, In the preceding paragraphs I have, however,

Phot., . H. Bahr.

PHOTOGRAPH XVI.

An early case of elephantiasis seroti. No microfilariae were found in the blood.

attempted to show that in the case of lymphatic glands, the enlargement
of which is undoubtedly due to the presence of filariae, microfilariae are
even more frequently absent than they are in cazes of ordinary elephantiasis.
Thus the microfilaria rate for all cases of elephantiasis was found to be
358:2 per cent., while that for enlarged glands alone was 31°1 per cent.
(Appendix VLc). Therefore the filarial theory of the production of
elephantiasis, if anything, receives support from ‘these statistics.

A more telling argument, however, is the epidemiological one. The
higher the perfentage of microfilariae in a district, the higher is the
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elephantiasis rate (Appendix XVIL). Thus in the main town of Lakemba
island (Levuka) the elephantiasis rate was 7-3 per cent., the microfilaria
rate 324 per cent., and the filarial disease rate 69 per cent.; whereas
in the district of Bau on the main island, where there is no, or very litile
elephantiasis, the microfilaria rate was only 12-5 per cent., and the filarial
disease rate 36-3 per cent. These statistics agree in the main with those
given by Low?* for the West Indies, and by Daniels®® for British Guiana
and for Central Africa, and for wherever the subject has been adeqguately
. studied.

In dissections of elephantoid tissue proper, the remains of filariae are
not usually found—possibly because not properly sought for; but in the
enlarged fibrosed groin glands, removed at operation in a case of elephan
tiagis of the legs, great numbers of caleified filariae were discovered.

P. H, Bahr del,, 1911,

PLATE XXXIII.

Diead filaria embedded in the blubbery tissue in a case of elephantiasis seroti.—
Camera lueida.

My experience in this direction has been limited mainly to elephantoid
serota removed at operation.  In these I eonstantly found embedded
in the peculiar blubbery tissue certain small, vellow pultaceous areas.
In smears from one of these areas (Phot. XV.) the uterus of a dead
filaria containing embryos, and similar to that figured in Pl, XXXII.,
was recognized ; and in a second case, in a seetion of another such minute
vellow body, a dead filaria, surrounded by a peculiar hyaline substance
and giant-cell formation, was encountered (Pl. XXXIIL.). In the
case first mentioned, microfilariae were present in the blood: in the
second, none could be found.

Phot. XVI. is from an early case of elephantiasis seroti. The entire
scrotum was thickened, the skin rough, the testes enlarged, the prepuce
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and sheath of the penis infiltrated and thickened, and the glands of both
groins enlarged, but there were no hydroceles. In this case also there
were no microfilariae in the patient’s blood.

In judging of the role of the filaria as an etiological factor in elephantiasis
we must not attach too mueh importance, either to the presence or absence

E. H. Bahr del., 1911.

PLATE XXXIV.

Section of a female Filaria immitis in the superior vena eava of dog, showing
structure of a filaria on transverse section. Microfilariae can be seen amongst the
surrounding blood cells,

1. Cuticle. 4. Interuterine septum,
2, Muscle cells, 5. Alimentary canal.
3. Perivigeoral cavity. . Owa.

Camera lucida
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of microfilariae in the blood. In two of these three cases they could not
be found, yet in two cases there was unquestionable evidence of filarial
invasion. Very probably, with a knowledge gained from this experience,
minute search would have revealed similar evidence in the other.

Little information bearing on the etiology of elephantiasis is to be
obtained from the study of sections of elephantoid tissue. In five cases
examined, the microscopical appearances were, to a great extent, similar.
Dilated lymph and blood channels were very evident ; there were collec-
tions of lymphoid cells in a peculiar hyaline substance (probably
connective tissue swollen with lymph resembling that found in the lym-
phatic glands, Pl. XXVIIL.), and bundles of the hypertrophied dartos
muscle (Appendix XXX).

Objections may be advanced by sceptics as to the filarial origin of
elephantiasis, to the effect that the bodies figured and described in the
foregoing pages were not really the remains of filariae. Their careful
study v:lll show that I have made no mistakes in diagnosis. Pl
XXXIV. is drawn from a section of Filaria immitis lying in the superior
vena cava of a dog. It shows the main anatomical features of a filaria as
seen in section. These are (1) the cuticle, (2) the layer of muscle cells in
the body wall, (3) the two uterine tubes and the septum between them,
(4) the perivisceral cavities, and (5) the alimentary canal. These structures,
more or less transformed by disintegration, can be recognized in the
sections of dead and calcified filariae figured in my drawings. Brumpt
gives similar figures of Filaria lon and Filaria volvulus in the last edition
of his “Précis de Parasitologie.”

Arguments against the filarial theory of elephantiasis have been advanced
by various writers. Those brought forward by Dubruel® and by Prout,*
for example, are based on very slender evidence —evidence which, in the
light of some of the facts I have already related, is capable of quite
another interpretation.

The lymphatic glands draining those regions of the body attacked by
elephantiasis are not invariably fibrosed and enlarged ; for instance,
should one leg be affected by elephantiasis, enlargement of the groin glands
on the side of the apparently normal member is of common oeceurrence.
Similarly, the epitrochlear glands, though very often enlarged in
elephantiasis of the forearm, are not invariably so affected.

To illustrate the apparent lack of connection between elephantiasis
of one part and disease of the associated lymphatic glands, I'have drawn
up a table (Appendix XVIIL.).

The blockage of Iymphatics, which is universally recognized as an
essential condition in elephantiasis, may be situated in the lymphatic
vessels as well as in the glands. It appears to me that this blockage
may be brought about in one or all of the following ways, examples of
each of which I have already given.

A.  Blockage of lymphatic wvessels (1) by the body of the living
filaria, or by its cretified remains ; (2) by changes, |]-."1"II!]H"I al fibrosis and
|:uuhft*l ation of the endothelium in the vessel w .1]! in response to chronie
irritation so induced.

B. Blockage of lymphatic glands by extensive fibrosis of the gland
substance, or by blockage of the efferent and afferent lymphatic trunks.

The inference that lymph stasis is produced in this manner is not in
accordance with Manson's well-known hypothesis that the lymphatic
capillaries become blocked by aborted filarial ova. The plugging
of lymph capillaries by filarial ova does in all probability
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take place, but not solely by the process of abortion. Their emission
from the parental uterus may admit, I think, of another explanation
than that given by Manson.

In my experience such ova were obtained by puncture of the groin
glands on several occasions. It is improbable that these ova were
aborted into the lvmph-stream by way of the vaginal orifice, for, as has
heen *-mggf";h'ti by Daniels, the vulva is too narrow to permit of their
passage through this outlet.

I am ineclined to believe that these ova are really set free from the
uterus after the death of the parent worm. Such uterine tubes, with
confained ova still in a perfect state of preservation, were found
frequently on dissection of enlarged lymphatic glands. 1 found that
pr::nlnhmn of the uterine tubes .!.Ilfl their contents took place immediately
a small rent in the cuticle was made in either the living or the recently
defunct worm.  The escape of the uterine tubes and their contents into
the surrounding tissues would also take place in a similar manner after
the death of the worm and during its disintegration in the centre of a
lymphatic gland.

In a post-mortem on a case of elephantiasis seroti, the only one I
obtained, the value of my observations was rather marred by a co-existing
and extensive tuberculosis (Appendix XXX, 3). The obstruction in the
lymphaties in this case appeared to be situated in the lnmbar region,

In my opinion the induction of tropical elephantiasis can best be
{'\.]ll.um 'l by a hypothesis to the effect that the blockage of the lvmphatie
channels draining the im]\lu -ated area is brought about by their frequent
and long-continued invasion by adult filariae.

¥XIV. Certain parasiticide drugs in medicinal doses have no
manifest influence on the circulating microfilariae.

Intravenous injections of antimony tartrate, atoxyl, and guinine
were tried, but in no case was any diminution, transient or permanent,
noted in the numbers of cireulating microfilariae.

Experiments in vitro (Appendix XXXI.) were also undertaken on
microfilariae obtained by centrifuging citrated blood. Known guantities
of the drug used were then added to the filarial concentrate in sterile
welled slides.  Although a certain amount of variation in the duration
of life of the microfilariae was noted on different oceasions and in different
solutions, vet antimony tartrate appeared the most toxic. Distilled
water having been found to exert an action on the life of the microfilariae,
the solutions were made as isotonic as possible by dissolving the drugs in
normal saline.  Although in the more concentrated solutions (1: 2000 of
antimony tartrate and of quinine these drugs were markedly toxie, in very
high dilutions—1:10,000 and even more so in 1:20,000—with the exeeption
of antimony tartrate, they appeared to have very litile effect. The
order of toxicity was antimony tartrate, quinine bihydiochloride, atoxyl.
Atoxy] is stated by Ehrlich® to be inert as a parasit eide in vitro, and
that in vive its toxie action depends on a reduction produet, ** paramido-
phenylarsenoxyd, ™ in this respect differing from ** 606."

Antimony tartrate was ;.m.:n |ntnn{ut=u-h to three cases (Appendix
XNNXIT.): the dose was 1 grain in 10 ¢.c. normal saline. No effects were
noted either in the patient or on the number of parasites.

Atoxyl, 1 graip in 10 e.c. normal saline, was injected on  three
oceasions, twice in one patient ; no effects were noted.
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Quinine bihydrochloride, five grains in 2 c.c. distilled water, also
intravenously, had no appreciable effect on the microfilarae.

(' Brien®® has reported a case in w hich after IIIJ('HIHI] of atoxyl the
microfilariae decreased in numbers, but did not entirely disappear.  His
figures are not very convincing. Leber and Prowazek noted no diminu-
tion in their numbers following on injections of thymol, quinine,
methylene blue, and * 606 ™

Treatment of enlarged glands by radium has been advoeated by
Havelock Charles;* the glands in his ease diminished in size, but as to
any effect on the number of microfilariae, no mention is made.

Injection of Staphylococcus aurcus vaccine (obtained from a filarial
abscess) was tried as a sort of forlorn hope, on the speculation that the
absorption of the toxins of pyogenic organisms might have some pre-
judicial . influence on the 1111:*|~:1f|1d|£.1{~; the result was negative

(Appendix XXXII. and charts).

XXV. The absence of microfilariae from the blood in the case of
undoubted infection with living filariae requires explanation ;
a similar apparent anomaly occurs in other filarial infections
in man,” e.g. in filaria foa and in Filaria volvnlns.

In a case reported by Argyvll-Robertson® of an adult male of Filaria loa
in the eye, and which was described by Manson, no microfilariae were
found in the blood, although the patient suffered from Calabar Swellings
and a gravid adult female worm was subsequently removed from
the eve.

Thompstone** described Calabar Swellings as oceurring frequently in
cases where no microfilariae could be found in the blood.  Low® describes
several cases in which the patients suffered from Calabar Swellings, and
in whom there was proof of the presence of this parasite, vet no micro-
filariae could be found in the blood. Manson® also describes several
instances of a similar nature, and commenting on the fact, observes that -

(1) The mierofilariae may be present in the blood in numbers so small
as to be missed.

(2) The microfilariac may be only intermittently discharged from the
parental uterus or intermittently circulating.

Lastly, Manson®®, in a ease with microfilariae and Calabar Swellings was
able to demonstrate in great numbers microfilariae in a drop of tissue
juice obtained by aspiration from the centre of one of the swellings.
This fact lends sup port to his hy Iml[un-.h. that the emission nl"tlli'-['l:nhnn-.
by the parent worm into the connective tissue is the cause of these swellings.
He considers that these swellings represent a tissue reaction in the interests
of the parasite, since it must lead to a flow of Iy mph to and from the part
in which the microfilariae are emitted, and so assist them to reach the
circulation. This does not explain, however, the absence of micro-
filarine from the blood in those numerous cases in which the Calabar
Swellings are of frequent occurrence, vet no microfilariae can be found
in the circulation, it may be for vears after the first attack and while the
swellings continue to recur.  If this ]J.1t|m[nrr:|c-.1i effect of the parasite
be really produced in the way Manson has conjectured, then in a very large
proportion of those cases the object, so to speak, of the aet mun{*l_&, the
lodgment of the embryos in the blood —is defeated, and we must conelude
that it is thwarted by some other factor, of which we are still ignorant.
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A similar condition exists in infections with Filaria volvalus, in which the
microfilariae are never found in the blood-stream, but in numbers in the
connective tissue in immediate proximity to the parent worm.

In the case of Filaria bancrofti it is conceivable that the embryos, if pro-
duced in the centre of a fibrosed gland, where the opportunities of entrance
and egress are very limited, may be unable to reach the circulation, even
should they escape from the gland in which thev were born (the epitroch-
lear gland for instance), for they must necessarily pass through other
Ilvmphatic glands, where they stand a further chanee of being arrested.

The embryos produced by adult filariae lying in lvmphatic channels and
glands in the interior of the body, having a route with proportionately
fewer obstructions to traverse, are more likely to reach the blood-stream

Plot., P. H, Bahr.

PHOTOGRAFPH XVII.

Probahle main breeding place of Stegomyic peendoscutellaris in Loma-Loma

on Vanua Balava. A brackish creek, flanked with mangroves and other vegetation,

flowing through the native town.

than are those coming from the extremities. In this may lie the explana-
tion of those eases exhibiting numerous microfilariae in the blood, but no
other objective symptoms of filarial infection.

Where the lymphatic channels have been the seat of a filarial invasion
over a considerable period, there is bound to be a degree of fibrosis
commensurate with the duration and intensity of that invasion, and any
embryos produced on the distal side of that obstruetion will have a pro-
portionately diminished chance of gaining the mr::u]:s,l:mn. Ilnlthls or
in similar wayd the frequent absence of larvae from the eirculationin gross
filarial disease may be best accounted for.
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XXVI. and XXVII. Surgical and Medical Treatment of Filarial
Disease is unsatisfactory.

Mosquito destruction, carried out on the same lines as for malaria
or yellow fever, is the only means likely to prove of service
in mitigating this important form of helminthiasis.

Surgical treatment of filarial diseaseisat best only palliative. Moreover,
operation for elephantiasis scroti is often followed by a similar condition
of the leg. In nearly every instance where, in the course of this inquiry,
large masses of glands were removed, a haematocele or a lymphocele
formed at the seat of operation. Medical treatment is even less
satisfactory.

Although we know something of the pathological effects of this parasite,
it is probable that further research will show that yet other pathological
conditions are to be aseribed to its presence,

The increasing prosperity of these islands is attracting more white
settlers every year. In certain districts a large proportion of whites are
infected with the filaria, and are thvrehv exposed to a great deal of
inconvenience, if not t'iangf-r to life. As I have endeavoured to show,
nearly all the natives are infected.

Manifestly, in view of the future of these islands, it is important that
measures be instituted to combat so grave an infection. The special
recommendations which oceur to the writer are based on the following
facts :—

Stegomyjia pseudoscutellaris, the commonest mosquito in the Fiji group,
is the chief carrier of the local filaria. 1 have endeavoured to learn some-
thing of its habits. My observations are detailed in Appendix XXXIII.
N, pseudoscutellaris 15 a strictly day-biting species, and is especially
abundant in mangrove swamps. Its food appears to consist entirely of
blood ; there was no proof that it obtains its nourishment in any
way from the mangroves. Dilute copper sulphate solution (1 gr. to the
gallon) is very prejudicial tﬂ the life of the larva.

My recommendations a

(1) In towns and nllag&% w h1tr~ settlements should be qvpmfﬂwl by a
considerable space from the native quarters, which, as in the case of
malaria, act as a constant source of infection.

(2) The neighbourhood of sluggish and brackish creeks should be
avoided as much as possible, and their banks should be kept clear of

vegetation.
(3) The mangroves on the foreshore of all larger towns should be cut

down.

(4) Large collections of water such as reservoirs, which cannot be
screened or drained, should be treated with copper sulphate in weak
solution (1 gr. to the gallon, which is considerably less than the strength
1 in 50,000 -used in reservoirs in England) to keep them free from algae
and other vegetation, as well as larvae. The strength of the copper
sulphate must be kept up by frequent additions after “heav y rains.

(3) Mosquito nets being of little use in the case of day-biting mosquitoes,
mosquito-proof houses, or at least one mosquito-proof room in each house,
should be a more frequent feature in the country districts than at present,

I may remark that stegomyiae are found elsewhere than in the swamps,
but nowhere in such prodigious numbers. They do not breed in the
mangrove swamps in which the water is very salt. The vast numbers

i
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olten present in such localities were found to depend on the direction of the
prevailing wind ; they had been blown from the nearest appropriate
breeding ground.

The breeding ground of S. pseudoscutellaris is fresh, or, preferably,
brackish water, such as occurs in the creeks to be found running through
every Fijian village (Phot. XVII.), especially in the eastern islands.
The favourite breeding season is in the hot months (November-February).
The pupae hatch out eight days after oviposition. The food of the
larvae appears to be mainly decaying vegetable matter. The larvae
were not found in any number in the wells and other collections of fresh
water in the villages, although in such water Culices were found to be
breeding freely.

I may mention that a few of the wild stegomyiae caught outside the
native town of Loma-Loma, on Vanua Balavu, were found to be infected
naturally, and that large filaria larvae were found in celloidin sections of
an insect caught on an uninhabited islet in Suva harbour.

BUGGESTIONS FOR FrrTHER Work on FrLariasis.

The following suggestions for further investigations on filariasis in
the islands of the Pacific have oceurred to me :(—

(1) If Filaria bancrofti and the filaria found in Fiji be really the same
species, can the periodicity of the imported microfilaria bancrofti be dis-
turbed by long residence in these islands ?

(2) Does the periodic variety of Filaria bancrofti normally oceur in
any of the islands of the Pacific, and if so, what are the chief mosquito
intermediaries in these islands ¥

(3) The explanation of the apparent relative inefficiency of Culex
fatigans as an intermediary host in Fiji.

(4) The exact pathology of filarial lymphangitis.

(5) More detailed research on the pathology of elephantiasis.

(6) Determination of the life-span of the microfilaria by injection of
human blood containing the parasites into a monkey, or a filaria-free man.

(7) The stages of development of Filaria bancrofti following its entrance
into the human host, and the route it traverses from the skin.

(8) The explanation of the supposed cessation of attacks of lymphangitis
on leaving the endemic area.

(9) The determination of the respective geographical ranges of
Nlegomyia pscudoscutellaris and the non-per indic filaria.

(10) The determination of the microfilaria, the adenitis and elephantiasis
rates of all the Pacific Islands.

(11) The determination of the cause or causes of filarial periodicity.

(12) How comes it about that, in those places where reinfection of
individuals must be constantly going on, cases of extreme degrees of
hyper-infection are not more frequent ¥

(13) In explanation of the absence of microfilariae in the blood of
persons manifestly filariated, my observations suggest the following
hypothesis : The majority of the larval filariae placed on the skin find
their way into lymphatic vessels, and so into the glands, where, though
arrested, they continue to develop and attain maturity. In consequence
of the fibrosis they determine, or other cause, these filariae fail to get their
yvoung into the circulation. I-'*-:l-ha,pm as sometimes happens, an anasto-
mosis of lymphatic channels is established. T suggest that, as a rule, it
is only, or especially, those filariae which attain and live in lvmphatm
i'|l=llIIlelﬂ unguarded by glands, that succeed in getting their young into
the blood. To support this hypothesis I suggest careful search in the
type of lymphatic vessel referred to, especially the thoracic duct.
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APPENDIX I.

Meax maximum and minimum temperatures

years, 1894-1909, at Suva, Fiji :—

Maximum.
January 875
February 886G
March 8790 ..
April 847 ..
‘May .. D
June 805 ..
July .. 795
August Ta5
september .. S1'4
October 82-3
November 834
December SG3

and rainfall for fifteen

Minimum. Hainfall.
726 11636 inches
T30 15324 i
736 1 1-7G6 o
T1:4 T-457 -
il 533 ok
T0-7 2:133 i
Gs-0) 2603 0
G674 4-UH8 s
(FH R 4-256 o
697 01649
T2-3 21-742 oy
T2 12-902 2

APPENDIX II.

To show wvariation in the number of microfilariac in different  slides
each containing 16 ¢. mm. blood taken from the same individual, and

at the same time of day

A, Clase Solomoni—
No signs or symptoms of filarial
dizease,
Date. Time.
3 slides I3 .10 10 a.m.,

. XIL10 2 p.m.

12 slides

B. Case Tiveta Tailemaitonga—

No signg or symptoms of filarial

disease,
Date. Time.
6 slides 14.VIIL.1I0 2 p.m.
12 slides 231IX.10 2p.m.

C. Case Enere Bose—
Repeated attacks of orchitis and
adenitis
Date. Time.
12 slides 20.VLI10 12 a.m.

Fijian blood :—

present 1n
27, 73, Bl :

No. of microfilariae
peripheral blood :—
Average 53.

67, 59, 57, 57, 55, 49, 46, 44, 40,
36, 32, 28 : Average 47.

204, 255, 239, 236, 234, 134, 202 :
Average 226.

120, 113, 92, 82, 72, 69, 68, 52, 50,
48, 43, 42 : Average T1.

7,6,0,6,0,4,3,2,2,1,0: Average
2

a2



D. Case Sijane—
Synovitis of hip-joint.

Date. Time.
8 shides 14.VIL.10 2 p.m., 69, 65, 64, 51, 42, 30, 28 : Average
49,
E. Case Isaiah—
Enlarged epitrochlear glands,
multiple abscesses.
Date. Time.
12 slides  29.VIL.1I0 12 a.m. 74, 71, 103, B6, 101, 78, 76, 70, 95,

63, 66, 79 : Average 80.
F. (Case Sutherie—
Solomon  Islander. Filaria
nocturna.,
Date. Time.
6 slides  18.VIIL10 10 p.m.

s 22.VIIL.10 10 p.m.

5, 19, 25, 15, 15, 15: Average 15.
1
m 23.VIIL.10 10 p.m. 1
2
|

o

, &, 4, 10, 12, 14 : Average 7.
2,13, 18, 24 25, 25 : Average 18.
, 9,10, 11, 13, 15: Average 10.
9, 12, 26, 13, 9, 10 : Average 15.

5 24 VIIL.10 10 p.m.
5 25.VIIL.10 10 p.m.

APPENDIX IIIL

SuowinNe number of Male Fijians harbouring microfilariae in their blood
at different ages. The caleulations have been made from blood examina-
tions made in the day-time only. The youngest examined for microfilariae
was under a year, the oldest was computed to be over 85 years ; neither
of these was infected :—

Ag{;' Number Number Percent age
examined. infected. infected.
Under 6 years 23 0 0 per cent.
6100 1, 49 1 204 5
10-20 222 35 15-7 o
20-30 , 212 T4 377 i
30-40 118 56 75 X
40-50 83 37 457 5
H0-60. |, 58 26 44-8 By
60 years and over 39 16 410 i
804 245 304 per cent.

Included amongst these were : twenty-four natives of pure Tongan blood,
resident in Fiji ; four natives of pure Samoan blood, resident in Fiji ;
one native of Futuna ; and one native of New Hebrides.

The youngest male Fijian harbouring microfilariae was 8 years; he
had only one fhicrofilaria to 16 c. mm. of blood. The next youngest was
100 years; he had five microfilariae. The oldest was about 70 years.
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With the possible exception of those who have been educated in New
Zealand and Australia, no Fijian knows his own age, so that the ages
given in this table must be regarded as approximate only.

APPENDIX 1IV.

SuowiNg number of Female Fijians harbouring microfilariae in their
‘blood at different ages. The caleulations were made from day blood.
The youngest examined was a vear old ; the oldest was computed to be
about 80.

Age. Number Number Percentage
: examined. infected. infected.
Under 6 vears 12 1 83 per cent.
6-10 44 3 68 7
10-20 125 29 232 =+
20-30 ,, 157 33 21-0 3
0-40 s 21 244 5
40-50 40 10 250 3
s0-60~ 34 8 234 i
60 years and over 18 5 444 -
16 113 23'8 per cent.

Amongst these were : twenty-eight natives of pure Tongan blood,
resident in Fiji ; three Samoans, resident in Fiji ; three Fijian-European
half-castes ;: and one Samoan-European half-caste.

The youngest female Fijian harbouring microfilariae was five years of
age. The glands in both groins were enlarged, as were also the epitroch-
lear glands on both sides. She had fifty-seven microfilariae in 16 ¢. mm.
of blood. Two girls of 8 years were found with microfilariae, but neither
of them had enlarged glands or other signs of filarial disease. A child of
21 years was scen with epitrochlear glands on each side the size of a
thrush's egg, for which no cause could be ascertained. Microfilariae
were not found in her blond.

The Fijians, although they are not permitted by the Government to
leave the group for any of the white colonies unless a sum of £100 is
deposited as a surety for their safe return, are great travellers amongst
their own islands.  For an estimation of filarial incidence it is there-
fore desirable to know whether in any given individual the infection
may possibly have been contracted in some other country. Thus, of the
total number of male Fijians, twelve had visited Tonga, thirteen had
visited Tonga and Samoa, three the island of Rotumah (300 miles north
of Fiji), two had visited New Zealand, three Samoa alone, four Australia,
one Australia and the Solomon Islands, and one Tonga, Samoa, the
Solomon islands and Tahiti.  Sixteen of the Tongans had revisited their
native island, and one Samoan his. Thus, in this total of 804 men
examined, only fifty-eight had ever been out of Fiji. Of the 516 women,
six had visited Tonga and Samoa, one Samoa alone ; eleven Tongans
had visited Tonga and two Samoa.
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APPENDIX V.

Givine further details, not mentioned in the text, of the discovery of
parental forms.

(1). Fijian male, aet. 24, Filarial abscess situated over right
epitrochlear gland. Exeision. One perfect female was found, apparently
recently [ihu'i (could not be revived on hea,lnw} Uterus p.u*]a.ml with
embryos and ova.  Many live microfilariae found in blood and in exudate.
Anterior end of another female found, whose uterus was also packed
with microfilariae. The cuticle of the perfect female was slightly torn,
and from the rent protruded one of tlw uterine tubes discharging ova and
embryos, Length of female, 66 mm. ; breadth, ‘177 mm. ; distance of
mguml orifice from anterior ,:».m'-tmh ‘76 mm.

There were present in the ['II{'I.I]:HI'HII 100 microfilariae per 16 ¢. mm. in
the day-time and a similar number at night. After removal of the adults
the number of microfilariae present did not diminish (vide PE"IIﬂ[iI(‘I"‘,
Chart XX.).

(2). TFijian male, aei. 24. Enlarged epitrochlear gland (right arm},
size of a pigeon’s egg, hard and moveable ; no other signs of filariasis.
Numbers of slidezs of measured blood examined : no microfilariae were
found. Two c.e. blood abstracted from median basilic vein into 1 per cent.
citrate solution and centrifuged ; no microfilariae found. The gland was
carefully excised. The ecapsule was thickened and very vascular. The
efferent and afferent lymphatics were large and apparent. The gland
was bisected, and several active filariae were found in the centre. Some
had been torn in the dissection. Parts of five females were found, still
moving actively, with the uterine tubes and alimentary canal protruding
through the cuticle. Five additional perfect females were isolated, and
two perfect males, besides a third lacerated specimen. Two males and
two females were placed in wateh-glasses with normal saline in the incu-
bator at 37 C., and kept for one-and-a-half hours. At the end of that time
it was found that the two females had coiled themselves up to such an
extent that they could not be unravelled, and broke up in an attempt
to do so.  One male with protruded spicules was found coiled round a
female. The tail end of the male was lying near the vaginal orifice of the
female, from which I infer they had been in coitu when discovered. The
remaining three females and two males were measured in normal saline,
by warming which the worms became inactive, and lay stretched out in a
position favourable for accurate measurement when the superfluous
saline was bBlotted away. Two females, one small, were found coiled up
in the cortex of the ;Jﬂ]lui; at first they seemed dormant, but both
became active when placed in warm saline solution. They were in a cyst-
like structure, surrounded by a putty-like material which, when ['\.L]]]L!I{’li
was found to consist of some erystalline substance and great numbers uf
eosinophile cells.  Altogether thirteen live filariae were taken out of this
gland. No microfilariac were found in the gland juice or in sections.
Six e.e. of blood were abstracted from a vein six months afterwards, but
still no microfilariae could be found. The filariae, after measurement,
were plunged into hot 70 per eent. aleohol for preservation and trans-
mission to Dr. Leiper of the London School of Tropical Medicine.

Measurements as follows :—
1. Female. Length, 55 mm.; breadth, ‘222 mm. ; distance of
vaginal opening from anterior extremity 69 mm.
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2. TFemale. Length, 65 mm.; breadth, ‘206 mm.; distance of
vaginal opening from anterior extremity, .69 mm.

3. Immature female. Uterus contained only ova, no ripe em-
bryos. Length, 42 mm.; breadth, ‘1824 mm. ; distance of
vaginal opening from cephalic end, ‘64 mm.

None of the microfilariae observed emerging from the vaginal orifice
of the female showed any signs of life when under microscopic
examination.

(1) Male. Length, 29 mm.; breadth, ‘1296 mm.

(2). Male. Length, 25 mm.:; breadth, ‘129 mm.

The entire length of two spicules which protruded from the cloaca of
these males was measured. The larger measured 432 mm., the
.smaller ‘2 mm.

(3). Tongan, aet. 36. Matted mass of epitrochlear glands was removed
from an otherwize normal subject who, five days previously, had had
an attack of filarial fever. The mass consisted of two glands, and was
about the size of a pigeon’s egg. Frequent examination ascertained
that microfilariae were absent in the eirculation. In the capsule of one
gland part of a recently severed and still active male was found, measuring
only ‘087 mm. in diameter.

In the centre of the glandular mass was a small immature female with
uterus packed full of immature ova.

Immature female. Length, 31 mm.; breadth, 135 mm.; opening of
vagina from eephalic end, -435 mm.

No microfilariae were found in the gland juice.

(4). Fijian male, aei. 30, Mass of enlarged inguinal glands (oblique
set) on the right side, removed at operation. The glands were hard
and shotty. There was also a mass about the size of a duck’s egg on the
left side. Numerous slides made from blood before and after operation,
but no microfilariae conld be found ; 1 e.c. blood abstracted from cephalic
vein and ﬂ-nhlfupwl gave a I]{'E_,J.itl‘l.l‘ result, The mass, when removed,
was found to consist of several glands matted together, each showing on
section an adenomatous cortex and a fibrous medulla. Several dead
and caleified filariae were found in the gland, and also an immature
but perfect female having a small rent in the cuticle from which the
uterine tubes protruded. No microfilariae were found in smears of the
gland-juice.

Immature female. Length, 50 mm.; breadth, 15 mm. ; opening of
the vagina from cephalic end, ‘434 mm. ; opening of anus from posterior
{‘xtrmmt\‘ 25 mm.

Male. Length, 25 mm.; breadth, ‘09 mm.

(8). F]JI.Ju male, aef. ?l} Mass of pﬂ]un:'nl"ltfﬂ.l groin glands (vide
Phot. VIL.), size of a man’s fist, removed at n[:ht'mtmn Out of this mass
the two largest and very vascular glands, measuring 9 em. by 55 em.
and consisting of a fibrous medulla :i.]ll.] adenomatous cortex, were dissec tu{l
(Vide Pl. lI,L Great numbers of caleified filariae were found in the
centre.  An active female and part of a recently dead male filaria were
found. From the vaginal orifice of the former great numbers of
apparently dead microfilariae emerged. The uterine tubes protruded
through a small rent in the cuticle in the posterior part of the worm.

Two c.e. blood from the median basilic vein were centrifruged in
citrate solution, and numerous ordinary blood slides were examined,
but no microfilariae were found. Smears of the gland juice also were
equally barren,
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Adult female. Length, 50 mm.; breadth, -128 mm.; wvaginal
orifice from anterior extremity, .69 mm.

(6). Fijian male, ael. 45, who died of pulmonary tuberculosis. Patient
had been under observation for ten months. Unripe embryos and sheaths of
microfilariae had been from time to time obtained from enlarged groin
glands by puncture.  When first seen, in March, 1910, the blood contained
no microfilariae, though they were searched for rcpca-tmll_r; 2 c.c. were at
thiz time abstracted from median basilic vein into citrate solution, and
centrifuged with the same result. Eight months later one microfilaria
was found in three slides of measured blood, and a few days later three
microfilariaeg were found per slide; a twelve-hourly periodicity chart
was kept, but no periodicity was detected. At the post-mortem only one
microfilaria was found in smears made from spleen blood. Large mass
of groin glands were dissected out post-mortem.

In the centre of this mass a complete adult male and a complete female
filaria, alive and active, were found. Portions of another dead male and
another dead female were also found, besides portions of extruded uterine
tubes packed with ova. A great many calcified filariae were also dis-
covered, The uterus of the ]nmg female worm, although she was
a large specimen, did not contain any embryos, but only ova, none of
which were seen to emerge from the vaginal orifice.

Adult female.—Length, 67 mm.; breadth, -153 mm ; wvaginal
opening, ‘6 mm. from mouth; anus, ‘21 mm. from tip of
tail.

Adult male.—Length, 28 mm. ; breadth, ‘090 mm.

APPENDIX VI.

SHowinG percentages of male and female Fijians of all ages infected
with filarial disease ; comparison between the two sexes. 804 males and
516 females examined.

A. Microfilariae present : no clinical signs of filarial disease.

Males. Females.
11 =93 per cent. 81 =156 per cent.
B. Microfilariae present ; signs of filarial disease.
Males. Females.
159 =197 per cent. 33=63 per cent.
C. Microfilariae absent ; clinical signs of filarial disease present.
Males, Females.
287 =36c6 per cent. 095=18'4 per cent.
Total filarial infection :
Males. Females.
523 =648 per cent. 200 =403 per cent.

Under the heading of filarial disease I have included the following :
Enlarged glands, especially groin glands and epitrochlears ; varicose
groin glands ; hydroceles ; enlarged testes; elephantiasis; arthritis
of probable filarial origin, and frequently ending in ankylosis ; filarial
fever and lymphangitis, when present at time of examination. Abscess
mostly situated insgroin, axilla and over internal condyle of humerus ;
intramuscular abseess (in serratus magnus, latissimus dorsi and quadriceps
extensor) of otherwise unexplainable origin.
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Suepivisions oF HeEapixes B & C.
B. Microfilariae present in association with signs of filarial disease.

MALES : Torarn 159. Microfilariae in
Enlarged glands and varicose groin glands 547 per cent. of cases.
Hydrocele ; enlarged testes; elephantiasis ;

filarial fever : arthritis i 3 .. 390
Abscess {m:-:-urrr.-:i in 95 out of tutnl number

of this type of case) . S b o
Abscess only :-.1gn of filarial disease in 13 81 o

Elephantiasis in 16, as follows: Leg 4 arm 3;

arm and leg 2; serotum 2; serotum and leg 1;

arm, leg and serotum 3 ; arm and scrotum 1 100 L
“Thickened lymphaties, felt as a cord in upper

arm or thigh, in 10. In half of these it was

the only sign .. i s . B2 &
FEMALES : Toran 33. Microfilariae in

Enlarged glands and varicose groin glands .. 545 percent.of cases.
Elephantiasis ; arthritis ; filarial fever e K | i
Abscess (occurred in 18 out of total number of

this type of case) o .. 54'b s
Abscess, only sign of filarial dlqhhe I|1 l'] .. 394 =
Lleplmntlaslﬂ 2 cases —both of arm .. B0 s
Thickened lymphaties in 3. Only sign of

filarial disease in 1 .. e i oo 00

Varicose groin glands are included with enlarged groin glands, seeing
that only in one instance did the condition correspond with the
published descriptions of this type of disease in some other countries.
In Fijians these glandular swellings cannot to any extent be reduced by
pressure. They are composed of greatly enlarged and fibrosed glands,
often 2-3 inches in diameter, and situated in a tangled mass of
lymphatic vessels. When punctured the lymph can be extracted, but
only with difficulty.

As L-.upm'ﬂma,l glands, especially the inguinal set, are mlmlh enlarged
in natives, I have not included any glands as “mlm ged ' which were
not higger than a large pea.

C. Microfilariae absent ; signs of filarial disease.
MALES : Torarn 287.
Enlarged glands and varicose groin

glands : .. in 60-2 per cent.of total number.
Hydrocele ; mhrgcd tcstes clcplmn—

tiasis ; filarial fever ; arthritis .. ,, 247 i .
Abscess occurred in 108 of total

number, i.e, o 3170 % i "
Abscess the only sign n!" ﬁ]'ll‘]d.] dlﬂ(‘ﬂ‘%-(" SR | 1 3

E !Pp]].—],ntltmmln 23, asfollows: Leg5;

arm 3; arm and leg 2; serotum ﬁ;

serotum and leg 3 ; arm, leg and

scrotum 2 .. , BT
Thickened I},fmplmtms in uppﬂ' arm

and thigh. In one-half of these it

constituted the only sign . . RS 2



a0

FEMALES : Torar 95.
Enlarged glands and varicose groin

glands - .. In 52-5percent. of total number.
Hydrocele : enlarged testes ; r-lr:*ph:a,n—

tiasis ; ﬁlﬁlrm[ f-:*.w. I': mthllt-h oo ! o
Abscess oceurred in 43 of total

number .. S b * =
Abscess the only sign uf I”Lumrl E].IS:(‘ELSC‘ e BB e o3
luhw:!mnh.ma in 6, as fnllmn Leg, 1;

arm, 2; arm and leg, 2 hw*r-.t 1 s = s
Thickened lymphatics in 9. InT 7 of

these it constituted the only sign ,, 94 55 o

Elephantiasis rate for total Fijian population examined.

Number examined, 1,320. Number of cases of elephantiasis, 47 ;
Fate, 3:56 per cent.
Of these 47, 18 had microfilariae in circulation = 38:2 per cent.

MALES.
Elephantiasis rate = 4'8 per cent.
FEMALES.
Illephantiasis rate = 15 per cent.
MALES.
In 39 cases of elephantiasis, 41 per cent. had miecrofilariae.
In 260 cases of glandular enlargement, 334 per cent. had microfilariae.
FEMALES.
In 8 cases of elephantiasis, 2, or 25 per cent., had microfilariae.
In 71 cases of glandular enlargement, 22-5 per cent. had microfilariae.
D. Tue VAaLvg or ErrTROCHLEAR GLAND AS A Diacnostic Siaw.

1,264 cases were specially examined for presence of vn]‘ug__'wl
epitrochlear glands. These were found to be enlarged in 281
instances ; of these cases 97, or 346 per eent., harboured
microfilariae. 184, or 65-4 per cent., had no microfilariae.

These statistics include representatives of all the races residing in
Fiji: FEuropeans, Fijians, Indians, Tongans, Samoans and Solormon
Islanders.

APFPENDIX VII.

TapLes showing relative percentage, at various ages, of those cases in
which microfilariae were found in the blood, but who exhibited no signs of
filariasis, to total number infected with microfilariae at the corresponding
age.

MALES.

Ape, Number Number Percentaze,
infected.  without
signs,

R0 v, S e e 0 per cent.
10-20 A STEER R e B RS o
20-30 4 L. 23 .. 31 a
3040 g8 .. 19 o 36T i
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FEMALES.

Ago, Number Numbeor Pereentage.
infected. without

HIENS.
-1 .. 4 .. 3 .. 750 parcent.
10-20 .. 29 .. 22 .. Ta8
20-30 .. 33 .. 23 .. 46

30-40 .. 21 .. 12 .. &7 5
Fatio of those harbouring mierofilarine, withont elinical signs, to total filarial
infection—
] Malos, Females,
14-5 per cont. 38-T7 per cent.

—

APPENDIX VIII.

SHowING that the number of microfilariae present in the circulation is
no indication of the severity of the lesions present.

(1). With ng =ign of filarial dizeasze
Below 5 micro- 5-20 miero- 20 -100 miero- 100 -300 micro- 300 microfilariae

filariae per 16 filavine per 16 filavian per 16 filarine per 16 Or OvVer per
e, mm. blood., e, mumn. blood. e mm. hlood. e mm. blood. 16 e, . blood.
312 per cent. 353 percent. 270 porcent. 50 pereent. 5 per ecnt.

(2). With signs of filarial dizease :

Below & micro- 5-20 micro- 20100 micro-  100-200 micro- 300 mucrofilariae
filariae per 16 filariae per 16 filariae per 16 filariae por 16 or over per 16
c. mm. blood. e, mm. blood. ¢ mm. blood. ¢ mm. blesd. e mm. hlood.
233 per cent. 305 per cent. 32-0 per cent. 11-8 per cont. 24 per cont.

These include These include  Thess ineludes These inelude These ineluada

7 rases ele- 3 ecases ele- 5 eases olo- 2 pnses ole- 1 enlarged & vari-
phantiasis, phantiasis, phantiasis, phantinsis, cose groin gland

5 hydroceles, 2 hydroeeles, 5 hydroceles, 2237 miucro- 2 abscess,

2 varicose en- 4 enlarged & G enlarged & filarine), 2 onlarged
larged groin VATIE0Ee VETIOEE 3 hydrocsles, glands (hawv-
elands, groin glands,  groin glands, 5 enlarged & ing 430 and

4 enlarged 2 enlarged 1 enlarged VAT 427 micro-
teateas, testos, testis, groin glands,  filariae in

i abaress, 20 abacess, 1 abacess, 7 abaeess, blood respec-

21 enlarged 25 enlarged 25 enlarged i enlarged tively).
glands, g]ﬂ.m;lrz. glands, glands,

2 arthritis.

The highest count registered was 469 microfilariae per 16 c. mm,
blood ; the patient, a man, showed no signs whatever of filarial disease.
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APPENDIX [Xe.

Frequency of Intestinal Parasites amongst Fijians.
Examination of 209 stools :—

156, or 746 per cent., had ova of some intestinal parasite ;
58, or 278 per cent., had ova of Ankylostoma duodenale or
Necator americanus; 77, or 372 per cent., had ova of Tricocephalus
dispar ; 21, or 272 per cent., had ova of Tricocephalus and
Ankyolstoma.

Ova of Ascaris lumbricoides were found only three times, twice being
in association with Tricocephalus and Ankylostoma. Ova of Cestodes
were not found at all,

There is considerable variation in the percentages of Fijians infected
in different districts.

]._ Nasinu School. Boys 8-18 years : near Suva. Seventy-three
examined. 424 per cent. had ova of parasites ; 30-1 per cent. had
Ankylostoma duodenale ; the rest, Tricocephalus dispar,

2. High School, Suva. Between 6-14 vears of age. Thirty-two
examined, male and female. 71'8 per cent. had ova of parasites ;
406 per cent. Ankylostoma duodenale; the rest, Tricocephalus
dispar ; two had Ascaris ova.

3. Boys’ School, Lakemba, Lau group. Males between 8-15.
Forty-seven examined. 468 had ova of parasites; 42'7 per cent.
had ova of Tricocephalus dispar; only 41 per cent. had ova of
Ankylostoma duodenale.

Of seventeen adult worms removed post-mortem from three Fijians
Dr. Leiper has ascertained that no fewer than fourteen are adult
Necalor americanus.
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Chart to APPENDIX IXg.—Four Hour Chart of /Fiaria lea (micro-
filaria with a diurnal periodicity) from West Africa.

Name: A.C.D. Race: European male, acf. 37, infected in West Afriea.

Symptoms 1 Adult worm in eye, Calabar Swellings,

This ease was studied in the London School of "I"rnpir!n] Medicine, and is placed here
to show that there iz no apparont relation between the number of mierofilarioe and the
number of ecosinophiles in the finger blood taken at the same time,

£y
x ’ ' r
=
D._H __-: i = - B
o
2
=
—
o
=
=
=
-
=
[
i
4
2
=
o
d-
[
)
u
un
o
&
] o
- o d . - 4
Eg i I 4
B o o i
-
i . 51 1S TR
o o i !
] - .
‘.3-:..! il
s R IS ] I bt
C ! M i
[ i PSRN Y0 1) SIS ...]
[ | RS 1 B, '
S = & 0
L e Lt
-

May, 1909,




104

001

OLT 1

Rl

LzE

081

czs

gt -3 Jadd
sapdouiEea
1O TGN N

K3

£Z
L1

oo

1

£T
L8

L1

L1

L

sIRan
OO0y a8y
sajiydousosy
saqAaotpd iy
sipdaomio g
BIBA[D

-MUOUOTY afIu]
saqrpdotnsogy
sandoorpducde
sidaourfpo g

BIBA[D
SOy afaery
sajydoursosy
gayLoordudg
sipdaonzdjo

Bawa] D
-NUOUOTY afrer|
gaprdoursogy
sajdooyydusl
sypdaourfyo,g

BIBG[D
“UOUSTY afIe
sajndoursoq
sajLaondurseg
sipcdaourdjo, g

s1ua[a
-MUOUGTY aaIer]
safiydoursog
gagAoorpduriry
sipdaoul]o,g

EI 0

JULOD [RTUBIBLIC]

uwipu] | pue sustlig g

e cm
i -.l'_._,..u.—.

S 0n

il -”-t.
[T} -.-.-_.-.—.
quad 1ad G|
UL SOIaT

000°CELC

00 LEL'F

000° LEE"0

OO0 008 F

DOSZIR'E

000" 005 F

LR RN ]
poofq pay]

4ndsip
srjoydFIoat

| andgip
| snpoydasostag
_ FOUIPOTD

DRSOy U

e

ani g
gnjmipdaanae

f

BAQ) _

008°L

006G

E ) T

e LR
pooq
AL

‘UXI XIANdddV

PGy swLayy
JOpPE aEIa)
¥ o[uy "9[e0

-0 AT A[quo(

‘pue(d uroad |

pajeaunpag

e ‘spuv(d
uread padae|uas
[fajaraesolpAH
PUNO) SBLIe[y
a[sway npe

F “opeur o

“EL ‘pueps
TEa]acd)

-1tla palwpusy

‘Jal‘ejesoapA
‘wrd purnoy
awuIe[L Jnpe
a[uLIa] puw
a[epy CEpuB[d
WIOLT 950ILIBA
pun padaspug

BRG] B
[BIIR[T
qurol-diny

1pa] SrsopAuY

THOTRaRY

aisprjuegdaio UB[) JoUj0 soswaslp [wlae|y Ul v pydouisoy

0g

S[ETY

ey

A

/b
e

o

b b

oy

L |
0 WY
A A |
& W

| sapis g ur |

gL "INd
g IV

WL v O aad
| ewrInLoIa
Jo Jac)im A

a



105

THCR

e
=

A

[l
o gad
sapnjdowmsna

._..: ..—.n:-—._.—“_.-—._.z

¥

0E
|
&

g

o1
I
o

|
o
e

o
&F
.13

|
it
oo
[

[

£1
tH

LT
~DILO WO Y asier]
saquycdourson
sajAoopdurt-y
snprlaouedjo,g

sIHafD
-NUOUO Y oo
sapuycdoursong
sagAaorpdoedng
sipelaoun o, g

L | ._ﬂ.n._—.n_
=GO Y u_._n__..nm_._”
sappdoursong
sapAoorpdurdy
srpdaoundjo |

2IRAD
=TT n-._..."_.._“.—__-.._
wEH_..._.....H_m_...__m_
saqAnsorpdungey
grpd rom Ao g

IR
-nuouojy ofiery
sanjdousogy
sapAoorjduring
sipclaouidjoq

IR
-MUOUWG]Y G818
| mpcloursogy
spyAsonpdurdep
supclaoumedo g

190 (0%

SIUNOD R uarag ey

i 001
i 0|
= 0o
5 (LY
i 0=
Juad od g
..:m__.._ﬂHHﬁEn__rw

O0C LER

00 LEFD

00Licle'e

000 CETe

00¢'LRE

_._
DO0‘CLEF
B LELAEe ]
poo[q PoY

|

R TR T
TR e T o QLT L
I P
wreey sy !
Al g
grjupd saoats
apmapop
E AT R T Fas‘n
i FOR
andl gt
srgoydsaoats i
audgip
gripoypdasoatas |
appuapan gy |
posfi yu BRF'L
[
SPTATD
A poopq
| B AY

‘ueipuy | puw suwtltg §1
PIRUNURD—y¥] XIANIddV

| spuwd o
PalBnaUn pag

tE ) ED]
Py

U] S|y
b VLAY ELERT L RS §
puw spepy
‘pug [raousag
pradaeugg

“ajea
~OAPAT] Bpnop
I s woas
PUE Jea o)
-tda padreusg

A

~CL AL oo
! spue)d

uposd padau]
U@ a[nogf

e

padErayus

| & spuwpE uroad
_ padieug]

_ LR ERTIR Y

.w_mm.._”.__..._”.m.n—__“_.@Hm._ LRY IAT[00 SaERastp [RLIej ur .G.uwwmﬁ_\._u:wan__m.

‘e
L |

(e

.."_uw._mh

S Wy

Ll

apel

ST

S i

aperg

xe g

0 "INd
0 Y

e
14

sapI[s § ul |

Surur o g dad
AUV OTITILE
.H: ._..vﬂ._”_-_...ﬂ



106

¥ TR
s aadd SLIGTEE) (i iy |
L-Z1 10 afelas o1 sapydoursoes]
eidoursog— gz =apdoondurdng
P18 19 sydiowdog 1 a6 | 00Cn90‘c
¥ f L]
MUY #3IHT]
o] EApUOouEes]
g Ferdooydurieg
DEG pe sqdaourijog = 00T (T W [N
© SR
-G Ty o]
T sajnpdour=ogq
o sapsooyduni anilaip
LT il splaow Ao 5 (1 aontgante s gl aaoxia g
0 sawa
MO0y afIe
L m-..m.._ [LE __“.._._u_._..pk.-ﬂ..m
1z ssdsoydurie
0ol (=18 sypclaioumdjo, g puaa xad (o 00<°z10'c | i
s 9 Jad ‘s][22 00§ “Unoa _ G
raquydoursoa ST [T T o Sotan | poolq pa | B

BLERS [SERLRLLLN N

suelpuyp [ pue suwllig £

12103
10 AFRIaAY

1660
"spue[s |
DFg'o | uroad pafrepuy 8%
‘& puE
00%'n | woad pafieuy | of
‘€2)E0)
66T peSaeuy | of
unoa | =
Poora “Holaan Y Ay
ST A

stsutguedofe uBy) Jol)0 SIEWOSIP |WLI[L UL Diprydoutsosy

parutiod—yy] XIAN3ddY

0 Wd
afeyy T
L] ‘d
=i { WY
(sap]s £
annIaay)
Qe b Y
~wnur vo g Jed
] ABLI| YOI

10 T A



107

0
LI
P
tH

L

ETRQONUOUO]Y afaer]
saprydoursns

spgAoonpduieg

snprlaourd]og

EIRD[aNUouO]y afaer]
sapnjdoutso gy

san Aoopoucieg
sipdl oo Ao,

SIMS[HMUGUOTY afier]
sarpdourso gy
spyAoonpduring
srpdaouri]o,g

EIHA[IMUOUO]Y afaer]
safrdoutsosy

say Anopd g
spdaowdog

EIRA[INUOUOTY o51ur]
sapudourso s
tﬂuh..__ﬂ._.“_ ey
m._a..n__.__:hﬁﬁ.m_.

ERVRTRIVVRTTN iR Ry
sapijdou=og)

sy danypdurdy
sipclaouidjog

JUROD [RI UaIaLE (]

i1

LE

0

| ‘pooq
it o g Jad
GELIN]OIOTUE
| 3o saqumy

'RLLLIE

o sesmuepdaip  capegy

LIOIME PUR SULTE
yjoq sisenugdag  apeyy

njeIaE pun s5a]
o siserpueydags  apely

“Tap ype) ssenuegday  apey

Epuw]d urold

pafaeus ajgquogy  =5a)
o sisenueydags  Copey
“Hay

audnr srsenuegdagyy  apupy

s

LSBT Ty

POO] G W STLIR] Lo YA

BOUMEUL [30a UL pajunod s[[ad g

&t
k4

EIRQ[INUOLOTY afier]
sapujdousog
sagAaoucuriey

T RGLTTRY IV |

SIEA[ANUOUOTY afie]
sapudoursosg
sapAaordueyg

] _.___..__:..__.p_..fn_”

srRajanuoue]y afiuy
sapnjdour=osp
gapaoorpdurig
sijclaoued|o g

SIRAINUOUCT] aSiw]
Tu::....u.;&.nﬁ
sapdnorpdurig
srjdaourlyo,

EIES[ANUOUO]Y 2518
sapuydoutsosy
sardoopduriy
sipdaourfjo,g

SIES[ANUOUOTY afie]
sapupdousogy
sajAooydundr
srpdaoufyo,

JUNOD [FIUSI ]

0

]

i g g aad
ALV OIDTIL
jo zaquiny

_ UL JJa] puR
rjoaos sEpnuepdapg  capepy

"ETa ] 0 PUR S

o srEeruegdagg  capely
Epuefd
uiodd pafiepuy  Ceiad pu

oass srserpuedagyg  capegy

s ﬁ_m
uroad  palie[ua  apqnog
poras sserpuegdapy Ry

-sla) iioq
ssunuegcdago pyEge  opep

rperas srsmrpuegdarsy
gpue[d uroad padmepusy S
w3 ssenuegdapy  copey

WO

POOLO UL SRR JOIDTNT JNOYAY

‘apuml seM Junod [Eustegp v Luo woys ur sseguegdage g

X1 XIANdddV

s sl

g ur mpydoursos



108

i =
L]

=

et
1z

i
PE

R BT PGS [ afie
sajncdourson
sapAooryduig
sipdaourdo,g

srpaonuouo]y afaury
saquicloursogg
aajAaoydusng
aipdaouAo, g

SIRAONUOUO Y afiur
saqdounso gy
sapAnorpdurdn
srpdaonnijo, g

SIRA[ANUOUOTY afaer]
sal tpclonn 05

sag Ao
sipdaous]o, g

EIRSTONUOUO]Y m-m._-.w-.H
sappcloum=ng

=y Anonpdursry
sypdaourjo,g

sINA[ANUOUO]Y afaer]
sajrydourso s
saphootjdurie
sifelaouic|o,g

|

¥

“gifa] Yo pu
urrg gpa siserueydasy aje

TNG0I0E
pue Sstuacd fsuiae o sFa)
ypoq stseruedap cegey

UWINOIDE
puw uraw S ‘siag
o ssenueyda)y  epey

uEpE 13a] ¢ EULE o
ssmppuepdops  Capeia g

ULTE 1]9]
stseipuejdas as  apuy

LTSS PUE STa] pun S
1304 x..«.ﬁ_..:d:HHTJ:.H ARy

i
1£

pe.
0

eF

(&
i
e

ol

e

Gt

SIRQ[INIOUOTY SRier]
sapydouisosy

sap Loy duriy
sjdaoucdjo g

SIRG[OTIUOUOTY a518
sapnpdour=og
saAoodurig
srpdaouf]o,]

ST N0 O]y aTIB
saqpdoursosy
saplooydurdy
sijclaoted|o g

SIRA[INUOEOTY a81eT
saqupdoursogg
sagAaoipduidng
spdaouri]o g

slRaanUIOuo]y afier|
sajdour=omg
saplooydurd
sipdaourf]og

siapanuouoTy afivry
sapdourso g
sagAoopduri
sipdaountio,g

L]

L

“Bay 130] srsvnuwida i oely

‘wifa] o fuue T
sisppueyda) CapEuiag

‘=fa] yioq ‘utaw
191 srsenjueydapy  apeuma g

LI Jan
sisenueydage JuINg oIy

suw ioq
sisenunydare Apaeq  apeyy

SpuE]S upeas asoanea
._..rm,.m_‘ﬂ.ﬂ_.:ﬂ .a_.,“__..:ﬁ___h.._.m *LLLIEE
Fu ssenuwgdagy  opeyy

UGS (BT U aL]

oo
st a6 Jad
SE IR LPOLITILE
U Lo L0 118Ny

Poopg e .—.n_.u..um....-:.._..u_._.._.u._ _._.u_..-.._..r

SIOUBIEUL s UL Pajunod s|[=D ()

UOTaANY

panuijuor—1yw] NIANIddY

U 0D (R aIa ]

wrnr o g aad
| ewriepgoraiu
IO JaUIn N

Poolf Wl SULIN] oI O AY

epEml sEa Junod [Elusdeylp € Ao wogs u siseruegdage i suwtltg w wmyrydouisog

s

QCIEEEITAY



109

¢ sImsonuouo]y afiec| ¢ SIapINUOUG]y a3aer]
£1 sajupdowusony 11 sapupdour=ogg
Le gapaoonduni 11101 J0 a5 RIeAY =f sojloonduri 2307 Jo afmiany
o aycaoueiyo, e sl aoursjog
F  sIEapanuouoyy adie wpued wioad
I sapujdousoy BE0ILITA  Paiiujuo puw so]ad
¥ s Loodurin -OXPAT] BNOg] CUInGoas pu
(33 sl aourdjo,g T} “Fa pupE siserugdag o eqey
01 =Iapanuouo ]y afaer]
2] sapupdoursogyg
i sag Aoy “sa] aaod A1 apuog]
0F siprlaoursjog i ‘podas spsurpumpda)s capepy
F sImapanuouo]y o5ae]
0z sapujdour=oy spuR(d WoLd aRootIea
¥ sagAsondurin pun padrepuaapgqnod] =5
gq anpelaourd]o,g il 1o srsurpuepcas g
g sigapenuouopy ofaur]
¥ sajupdoun=o sy
: HE saqaanijdurip “EaaaodpAL] o]
0r sujelaoundyo,g I potas siswruegcdags (el
£ slEaNUOnOTY afiuy § sIRaPnUouo]y adier]
1) saqidoum=ogy AadnIPAH 0 sapnpdom=osg spur]d wodd asoapes pug
0F saphooduiy sspuwpd uoad pafaepuy 0 sapLoonpdursg padnusy  sepeoapdly pus
1o srpdaousjog 16 e ye) sesvipungdagy apeg 1 stjclaouniyo | il _ 1oaos sysunveydapg  opeIg
s i : S s i S e
“TLILE M.H:M._”.,._#ﬂ ) T = g dad
Tpunod [erjusaag SR YOI Y TR RN Ty | SR Lpogp i Moljaal vy
mh s sl 10 JaquInyg

o h..z._E_.._.haﬁ _

"poojq Ul SULIB[HOIIUE YITAL "PoOfd Ul SVLIR[YOIAN INOYITAY

‘DIUBVIEUL IV U] PHUNOD S[[20 (OF OPEUL SBM JUNCD [Rusdagip ¢ AJUo W u sggryuepdaga yprm suwtlip ul oepiydowisog

‘ponunuor—1y] XIANIddV




110

LET

£6

s

201

FLa

OFE

o xad
ea|Idoutsony

Ela]D
-uouojy afiey
sapujdoumsosgy
salAoojdud
srpdaouiiog
mq.h-nn-_nu
-NUOUoTY aFTer]
sapidoursesg
m..w#.hu.u.ﬁnﬁ:id
sypdaous|o g
SrTEald
“NIOUOTY aSae
Saue H_..,.__.H_.m__uﬁ
sapAaodurd
sipdaouwidjo g
u...-.m__,u_n'
-Nuouoy aizery
sa) o oursong
sajdoodurlg
sipdacudiogq
SITA[D
=IOy afaery
mc:ﬂ:G:_xn_ﬁ
sagAaomycdiurieg
sijclaot o
ER LR
NGO Y ol ]
safidouseng
sajAoorduri
sipdlaotns o g

E[l=2 00E

N0 [BIUaII(]

wa

uaa asd o

00T

00T

001

00T

(1=

Qo0 eLy e

000" 0L0F

| oDELEne

00¢'8L9°E

[ 000°0es'e

‘Ugo]Foiaw

L L]
| poolq pay

|
|
|
_.
[
|

FO8°0

O=EF

FOR'

o19'c

TR

"IN

pooyq
MM

X1 X1aNdddv

L b

apetaq

apeuag |

ajuwe g

| = L 1

. e

.un.ﬂm

[ 62

TN (0 1z

{ L i oF

{ L L 1z

'S i eg

[ ___h LELRERTRES| 18
“EUTIE 10 e o

suoycdurdg adlepisay] Cedy

UOLIaJUL [BUIB[Y J0 sUBts 31010 10 Poo[q Ul seime[goionu uoym (g ur juapisal pue wiog ‘sueadom sy

uy mypiydountsosy



111

aa aodl f.g
jo efntoan
widoursogy =

vle

i

hire

yog

g -2 Jad
sapnjdoursog

i T
B TR e h Rty |

£ sapujdouisog
sagAaopdundey
splaoung|og

L s1nala
STt R |
1) sapujdomsos]
sagAaonpdurdny
gijiliounijo

A SR B
SO0 Y S5IET]
- sapnpdotnsosy
sayAooyduriny
sipdaotnipog

0 SIWa]D
~MUOIOTY adae

I saqnydoursogy
sapAaoydu sy
sipdaon ko]

£ s3]
MUY aSaur]
i} sajujdoursony
sz sapdsoydurir
£ sydaouiog

El22 008
UL RIS

WOIDajuL [BLIE[Y jO SUSls J9YI0 10 Poo[q Ul aww[yossnu Jnoyiim ‘il

s i DO FLLF
—

i (i CLT IR R

|

T 1) 00 TOGE |
i il o0es Lente
“ -
usodad o1 | 00L°L8E'C
UGS

|, gopEomae

poolq pay

*PARUIUO) "

121
LT A | | L
|
OFE'D _ N
_
0s0F | 1N
_
|
SEGT "N
“unoo suils an

FOO[q N

%1 XIAN3ddVY

srogdu sy

_ e A
[

i ﬂlm.m
1

ik L2

thyg utwiog | 1f
— i ST _

|
_ aauapisay] | cafy
1
|

aeia g

AR,

apea

ﬂg LELLEET T |

g

q Ul quapisal puw wied ‘susadoiny w oipiydouisog

%103

| Jo effmaany




112

quad dad p.p
j0 afeiane
wlnjdouisosg =
09

sIRafa
-nuouo|y afiey
saqiydout=ogy
sajdooydudy
sydaowijoq

L T

gEo‘lIL'e

10 oozaay

0T

860

iFe

(LA

FET

O0E"1

RLLLTRREE 15 |

w

| =
Bl

&l
821
oD

1Al
“Muouo Ty afiey
sapdounsosy
sagLooyduiy
stpdaouriyog
sIBa)a
-nuouoy afiery
gappdoupsony
sayLoonduriy
spdaowsjoq
EALETR]
“NUOUO Y adie
sapnjdoursog
saploonduiy
stjdrourdyog
HIHD[D
-nuouoyy a8
BI04
saAaopdund-g
sipdaourljog
CALETR]
RULLETRTE TR (i A |
saprpdousosy
s Aoorgdunip
sipdaoundoq
EIHAD
S LHTWTTEY ot iy |
sapupdounsong
sapdooyyduriry
srpelaouid]o,g

aa H——U—”

¥ 001 |

i i

A 0L

‘quad Jad 07

| | B T

LT RN TRR Y 1Yy |

urgoSouwoan ]

000°Lee's

D0 BLE'D
non‘oLeE

000° 190°¢

UTOD
poolq paiy

FFOII

Z66F

elrs

QLT L

080 F

00001

siiduepdurd

LI

SPUB]D 1ea)LD
~oapuda |
U LI JOo
sprdusyduws

L3

Tasa ]

safaaoapli
fsrpdueydurdeg

SRR

Pooq
LA

=URIS 10
stropdu e

Lucjo)
ujp saead g

Auojon
ur savak 1§

g
ul o

thig
up siwad Zo

g o wog

g

ur sawad ()]
BT

up sread T

En U ERE |

awneqyodsorn s ‘g ur quepises puw waog Csuvsdoanf un vigrydou sy

X1 XIANIddV

¥

£g

&

L

o {1

A1y

Ll 8

aleIg

ajua g

ape

I OWY

gL Iy

LMY

L=l

W

& Wd
I WY

T "Wd
BN

Xag

T T TR T 121 |
SURLIN| oD T
Jo Jaquin A




113

LH

LSL

HE1

T o dad
sajndouisog

b AL P
SLLECREOVY Oy el

| sapidou=osy
nn  sardsordued
&0 snjclaouesd]og
5 iRa)d
ELITTENY Ll el |
il sapdoumsosy

61 =opdsorpduie
£0 sipelaound]o
& =IRaD
-nuouejy afet]
b sajndousosg
g sapdsoydud
3 stpdaourd(o g
sana)
nuouogy afe
sajudousony
sarsooyduriy
sypdaow Ao,
S1Ra)D
-nuouo Y afaery
sapiipdoui=og
sagdooiduiiy
H anjlioms]og
._....._...w...u—b
“TIUOUOJY adler]
g saqupdoutsogy
er  spAsordues-g
Ll supelaomnd]o,g

ol |
L= =

o= T =

= = G0

#1592 008
U0 [ U]

i (I

quad aad g

RO (T o)

ST 1o
158 H..:.._:_m___ |

SHIuape
Pus S0

sa] 1301

= 00=*L sisenpuegdap

SlTUay

purof-dung

(LTI T 02z°11 AJa] SRS

spuepE

utoad palae]

-UlG @E0DTIE g

[ =fa] yjog

— I srseruedoyg

aatty a1a)

10 steoplyuy

T LOTL srpruegducl

R LLTEG] it S ] O T

POO] Pat n_ﬂn__..ﬁ__p“uw suno gy

TERIIR] YOI O N7

7

TX1 XIANEddV

(R
-wayeT) g
ut saead g

_ (e
_.E.ﬁ_%_ :._.E

. i
ur srgad §

il

ur sInad g

g
up 2agal ¢

g
ur sawad 1p

g
ul I03A T

| aduaprsay

e

giswrey jo sufts yam ‘il w quapisar 10 wiog ‘sueadoang ur orpydowsodf

& L _ M
S N
|
e | LA
_
Sl _ L
[
_
G LD | | L3
|
a[ey L8
| -9 g1 aad
W SR O

10 Taqum N

e



114

quad dad r.g
0 afvrasw
wijnjdoursog —
Log

LH]

savalo
-NUoUoy adiery
safiydoutsosy
sagdoorduriy
sypdaowA]o g

680

EEE

2an

0E1

bl §

145

= (ol of o
= el

S BT -
ST

EX LA
Mooy afae|
saidouso g
gajAaocdundng
sydrowio g

BIRA]D
“NUOUO Y afiecp
sapuydowms=o g
sajAsorpdurdg
sypdaourd|o g

SIRa[D
-nuouo |y afiey
saipdouisosg
sapAnocdurdy
sypdaows]og

st 3 Jadd
sapdoutso s

H=2 O0E

UGS RIS

[Sa3aR] Ul BAG
BUISOTA YUY )
quaa zad o

ol

DOT EH0"D

OO0 CEe's

48y

nEHe

EEGIEE
Aauppxy

SUape puw
srpraue iy

SN0 LI O
srpiEedudeg

| (eq
Fwaery) g
_ ur sreak
|

g ur waog

JAE |
ur sawal ()|

"o Foutav

R LLLUERES)

Poofn pai

ST

Pooe

[ MM

m
sudls 1o
sogddg
|

BAUPIEIY

afv

L

EF

£g

N

BT

e

L3

L)

xag

‘T g [ Jed
GELIB|LOID T
JO Jaq U T

SRLIR| YOI 0N

panuuoI— 1 X1

grenEe(y Jo suds g alng un guapisag 1o wiodq fsuvedoansg u g oureasy

XIONIddV

-
-



115

APPENDIX X.
Further details of cases mentioned in the text. IL. (d).

1. Orchitis ; adenitis ; disappearance of microfilariae ; psoas
abscess ; abscess of hip-joint ; sapraemia; post-mortem
examination.

Fijian male, aet. about 20. Admitted to hospital on February 5th,
1910, with a history of pyrexia, pain in his right thigh and right testicle.
"The temperature in the right groin was 105° F., a degree higher than
in corresponding axilla. Pulse 120.

The tongue was furred and dry, and the man looked ill.

The right testis was enlarged, hot and tfender, and the epididymis
could be distinctly felt. The inguinal glands on the same side were
enlarged and very tender. These glands were punctured, and smears
and two cultures were made from the fluid obtained ; it proved sterile.
Slides of blood averaged two microfilariae per 16 ¢. mm. In the smears
from the glands four microfilariae, corresponding in appearance with
those found in the blood, were found. The urine showed a faint cloud
of albumen on boiling. Thﬁ temperature remained of a hectic type, and
was constantly -one degree higher in the right groin than in the opposite
groin or in the axilla. Four days after admission the groin glands were
punctured again, but no microfilariae could be found in the juice, nor
from this date onwards could any be found in the blood, though repeatediy
searched for—Dblood slides being taken four-hourly for twenty-four hours,
nor in 2c.c. of blood abstracted from a vein and centrifuged. Two
weeks after admission the symptoms became more definitely located
to the hip-joint. The patient lay with hip flexed and everted, and there
was intense pain on jarring the knee. The testis had regained its normal
size, but the groin glands still remained enlarged and painful. An
indefinite mass could now be felt above Poupart’s ligament on the right
side. The patient became very emaciated and assumed a septic
appearance. The left leg became greatly swollen, measuring six inches
more in circumference in the middle of the thigh than on the right.

Six weeks after admission pus was obtained by puneture of the inguinal
glands. Smears showed no microfilariae ; but chains of streptococci
were met with, which, on blood agar, grew a pure culture of Strepfo-
coccus pyogenes.  An operation was performed. From an incision below
the adduector longus, two pints of thick greenish pus escaped, from which
Streptococcus pyogenes was grown in pure culture. The abscess proved
to be burrowing extensively into the substance of the hamstring muscles
and upwards into the abdomen. The femur was found eroded and
necrosed in places. One enlarged inguinal gland removed showed on
section intense inflammatory changes, but no filarial remains were found
either in the glands or in the centrifuged pus. Leucocytosis at this
stage amounted to 10,000. No eosinophiles could be found ; their seeming
absence was explicable by the polymorphonuclear leucoeytosis.

A month after the operation the patient died, probably from septic
absorption.

Post-tmortem.

At the post-mortem the operation wound was gangrenous. On passing
a finger upwards the neck of the femur and acetabulum were found to
be bare. All the organs in the thorax and abdomen were healthy.

12



116

There were no intestinal parasites. The mesentery and thoracic duet
were removed and teased out in normal saline, but no filariae were
present.  All the lumbar glands were enlarged and injected. No dila-
tation of the lymphaties in front of the aorta was noted. There was
most extensive necrosis of the pelvie girdle and acetabular cavity. The
erest of the ilium was eaten away to a depth of 2 mm. On opening
the hip-joint the whole of the cartilage of the head of the femur was
eroded and the acetabulum cavity a mass of gangrenous shreds. From
thence fistulae led in all directions, some along the ramus of the pubes,
others beneath Poupart’s ligament into the hamstring musecles, The
femoral artery and vein had alone escaped destruction. The process
had extended through the obturator foramen, where all the vessels
and nerves were destroyed. The greater part of the adductor muscles
and periosteum of the neck of the femur were destroyed. The psoas
and iliacus muscles were entirely destroyed by the same process. No
erosion of the vertebrae was noted. Testes and spermatic cords were
carefully examined and found to be healthy. All the connective tissue
in thorax and abdomen and muscles of both thighs were carefully searched
for remains of parental worms, but none were found. No microfilariae
were found in smears from various organs, nor in sections of lung tissue.
The brain and membranes were found to be normal. There was a
thrombosed posterior auricular vein on the left side, containing a small
quantity of bright yvellow pus.

2. Lymphangitis and orchitis. Disappearance of microfilariae
from blood-stream. Adult filariae found in sections made
from excised inflammatory mass (Pl. IIL.)

Fijian male, aet. 36. Sudden pain in left testicle. Temperature
of left groin 105:6° F., in axilla one degree lower. Respiration rapid.
Left testis enlarged and acutely painful ; spermatic cords thickened.
Urine when first passed very thick with phosphates ; no albumen ; no blood.

Microfilariae at 10 a.m. two per 16 ¢. mm., at 10 p.m. ten per 16 ¢. mm.
A four-hourly chart made of the microfilariae over a period of three
days showed they were always present in small numbers. On the fourth
day, when the temperature was 1012 F. they disappeared from the
circulation and were never found subsequently. With the abatement
of the symptoms in the testis, the left arm suddenly became swollen
from just above the wrist to the upper arm. There was a brawny
infiltrated mass over the internal condyle, which was very hot and tender.
This mass was punctured and one microfilaria was found in two smears
of the lymph, which afterwards proved sterile on culture. Inflamed
and thickened lymphatie cords could be felt extending along the brachial
artery to the axilla. The lymphatics in the antecubital space were
similarly affected. Five days after the first symptoms were noted in
the arm the inflamed mass was dissected out, and on incising this about
two minims of yellow purulent fluid exuded. Under a di secting micro-
scope a mass of tangled and thickened lymphatics was seen coursing
through the mass. No microfilariae were seen in the exudate, but, on
section, portions of an adult (apparently male) worm were found
in a lymphatic space urrounded by round-celled infiltration and oede-
matous inflammatory tissue (Pl. I11.) mnungqt the round cells a great
many eosinophiles were noted. No cocei or other organisms could be
demonstrated by appropriate stains,

i N
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3. Lymphangitis ; orchitis ; adenitis ; disappearance of micro-
filariae.

Fijian male, about 26. Admitted with enlarged glands in both groins
after an attack of lymphangitis. Microfilariae were present sparingly
in the eirculation, numbering 1-4 per 16 c. mm. FEleven months later
he was re-admitted with inflammation of glands of right groin. Tem-
perature 101'4 F. Glands of groin enlarged and f.{‘T'Hli"l tenderness
.on deep palpation in both iliac fossae. Both testes were normal,

Rigor whilst in hospital. Temperature 101° F. ; vomiting ; pain started
in gl;l_.lld'-.. of right groin and shot down to the knee. Gland juice obtained
by afepu.umu showed no microfilariae, and was sterile on culture.
Leucocytes were 16,500, red cells 4,850,000 ; eosinophiles 4 per cent.
Microfilariae in the blood averaged five per 16 ¢. mm. The temperature
remained raised, and a typical attack of orchitis on the right side set
in. The groin glands still remained painful. The next day, when the
temperature had become normal, the testes were still swollen. The
leucoeytes numbered 7,100, the eosinophiles 8 per eent., and now the
microfilariae had disappeared and could not be found on subseguent
examination. It is to be noted in this case that the microfilariae dis-
appeared whilst the temperature was normal.

4. Lymphangitis and adenitis in a European ; disappearance of
microfilariae.

European male, aef. 52. Twenty-two years resident in South Seas.
History of repeated attacks of lymphangitis, and of abscess in axilla
sixteen years ago. Enlarged testes two years. Enlarged groin glands
two years. Old malarial spleen (infection contracted in Mauritius
in 1884). Tertiary syphilitic sears and gummata. Enlarged liver
(alcoholic). Aortiec regurgitation. The glands of both groins were
enlarged to size of pigeons’ eggs and were very hard. There was a small
hydrocele on the left side. Microfilariae were present in circulation,
five at 10 am. per 16 c. mm., and two at 10 p.m. Four days after
admission his temperature rose to 100°F. He had pain in his left thigh,
followed by an.attack of lymphangitis in the corresponding leg. The
leg was marked by red indefinite lines extending from internal malleolus
to saphenous opening. Leucocytes numbered 10,000 and eosinophiles
5 per cent. The microfilariae were still present. The following day
the left leg was distinetly larger than the right, and very painful to the
touch. The temperature still remained raised. Four days after the
initial attack the temperature became normal, and the lymphangitis
had disappeared, leaving a hot, tender swelling over the internal
malleolus. Aspirated gland juice from inguinal glands showed no
microfilariae. A fortnight later he had a rigor in the middle of the night,
followed by an attack of lymphangitis in the left leg. Temperature
102° F. Red streaks were seen coursing up the leg from the internal
malleolus to the saphenous opening. Groin glands were enlarged, but
not tender, No orchitis. Mierofilariae still present in the cire sulation.
The attack lasted a week, during which the temperature was raised.
The erysipelatoid inflammation remained confined to the dorsum of
the foot towards the termination of the attack. The blood was examined
after the temperature had become normal, but no microfilariae were
found again. Two months later he was visited in a native village in a
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remote island, where he lay in a dying condition from heart failure.
No microfilariae were found in his blood. He had not had any more
attacks of lvmphangitis. The only trace remaining of the last two
attacks was a slight thickening over the internal malleolus. The
inguinal glands were no bigger than before. A short time after this
the patient died.

5. Orchitis and adenitis ; disappearance of microfilariae.

Fijian male, aef, 30. Sudden pain in right testis. Temperature
102:4% F., rising to 104° F. The right testis was swollen, retracted, and
acutely painful. There was great tenderness and rigidity in right iliac
fossa, apparently due to inflammation of the pelvie glands on that side.
Microfilariae were present in the blood. A four-hourly chart of the
microfilariae was kept ; they were found to average 1-9 in slides of
measured quantities of blood. The white cells numbered 11,500, red
cells 4,612,000, eosinophiles 7 per cent. The left testis became affected
immediately after the inflammation of the right had subsided, and there
was pain and tenderness on palpation in the corresponding iliac fossa.
On the third day the temperature became normal; the leucocytes numbered
7,400, and eosinophiles 21 per cent. Microfilariae were still present.
Three months later he was again admitted with a temperature of 104°
I., pain in glands of left groin and left hip-joint. The ingninal glands
were distinetly swollen. There was tenderness on palpation over left
iliac fossa. The microfilariae av eraged three per measured slide, the
lencoctyes 17,400, eosinophiles 12 per cent. Cultures made frum as-
pirated lymph from the inflamed groin glands on hydroeele fluid and
agar remained sterile. No microfilariae were found in the exudate. On
the following day inflammation of the right testis set in, and was accom-
panied by pain and tenderness in the right iliac fnq% The temperature,
which had dropped to normal, rose again to 104°F. No microfilariae could
aow be found in the blood ; 1 c.c. blood was abstr zu:tn::{l from the cephalic
vein and centrifuged with a negative result. Thus they had disappeared
completely from ‘the circulation within twenty-four hours. None were
subsequently found though the blood was repeatedly examined during
the ensuing month.

6. Lymphangitis right leg ; disappearance of microfilariae.

European male, aef. 43. Born in the Colony. History of repeated
attacks of lymphangitis recurring every month. Rigor. Temperature
103° F., followed by adenitis and lumphangum of the right leg. The
pain started in the glands of the right groin, which were enlarged and
tender, red streaks running down the thigh. A hard, tender, inflammatory
thickening was found situated at the mid-point of the thigh on the inner
side, but there was no orchitis. The blood contained microfilariae
sparingly, averaging about one per measured slide (16 ¢. mm.) Leuco-
cytes were 21,800 ; eosinophiles 3 per cent. He was very anaemic ;
ankylostoma ova were found in the stools. Cultures were made from
the aspirated lymph from the inflammatory mass mentioned above
and were sterile. The exudate contained no miecrofilariae, but a few
lymphoeyvtes. A second rigor, followed by a second attack of lymphan-
vitis, was noted a day later. The starting point was apparently the
mihmm.ﬂmv thickening in the thigh. There was great tenderness
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on palpation over the right iliac fossa. The microfilariae had disappeared
from the circulation and were not subsequently encountered. The
temperature, after a few oscillations, became normal on the sixth day,
the leucocytes now numbering 6,200, and eosinophiles 8 per cent. The
thickening in the left thigh was still apparent at the time of his discharge,
but the groin glands on the right side had become greatly reduced in size.

7. Filarial Fever ; disappearance of microfilariae.

Indian male, aef. 18. Born in Fiji. Admitted with a temperature
of 105.8° F. No other clinical signs. Mierofilariae exhibiting no periodi-
city were quite numerous in the blood, averaging from 3-8 per measured
slide. Temperature gradually fell to normal on the third day. Eight
months later he was re-admitted in a similar condition. Only one
microfilaria was found in three slides of measured blood. Nine months
after the first attack of fever he was again repeatedly examined, but
now the microfilariae had completely disappeared.

N.B.—Signs of acute bronchitis were almost invariably noted in these
cases during the height of the fever.

APPENDIX XI.

PERIODICITY.

A.—Fijians. Microfilariae in circulation. No periodicity. (When
only one or two microfilariae are found in blood at
night it must not be accounted as evidence of periodicity.
Vide Appendix I.)

372 Fijians, Samoans and Tongans. Measured quantity of blood
taken 10 a.m. and 10 p.m. on day of examination. Of the 372 individuals
mentioned, 114 had mierofilariae. Of the latter, 91 had numbers of
miumﬁlariae, more or less evenly distributed in the blood both by night
and day; 48 had more at night-time ; 43 had more by day; 17 had
microfilariae at night only, but of these 15 had a very scanty infection
(2 had two microfilariae, and 13 had one only per slide). In one case in
which they were most plentiful at night a four-hourly chart was kept,
but no definite periodicity could be recognized (vide Chart IV.) Six had
microfilariae by day only; of these 3 had a very scanty infection, never
more than one microfilariae being found perslide. In three cases, in which
more than one was found in the daytime, a four-hourly chart was kept.
but no periodicity could be established (vide charts to follow).

B.—Indian Immigrants, Fresh arrivals—nocturnal periodicity.
Resident some considerable time—no periodicity.

120 examined, 115 males and 5 females. Measured quantities of
blood as before. 12 (10 per cent.) had microfilariae. Five had micro-
filaviae only at night in considerable numbers ; none of thes» had any
signs of filariasis. These had been resident in Fiji 9, 3, 3, 2, 2 vears
respectively. As regards the first (9 years) there is some doubt, as the
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patient talked only Madrasee and an interpreter could not be secured.

It must be remembered that the great majority of the Indian popu-
lation in Fiji are males, only one female being imported to every three
males.

Seven had microfilariae by day and night ; two had signs of filarial
disease, one filarial fever, the other hulrrmclc (fluid contained micro-
filariae) and enlarged testes.

As regards length of residence in Fiji, one was born in Fiji, the others
had been there 30, 24, 20, 14, 9, and 4 years respectively. Of the
remaining 107 without microfilariae only one had enlarged glands.

There is only one Indian in Fiji known to be the hl_]h!l}l:‘t of elephantiasis;
he lives in a Fijian village on the island of Taveuni (vide map).

C.—Solomon Islanders. Fresh arrivals show nocturnal filarial
periodicity. Old residents show no periodicity.

131 examined, 130 males and 1 female. 15 or 11-4 per cent., had
microfilariae.

Eecent Arrivals.

88 (ranging from 15 to 35 years of age) were new arrivals from
their own islands (some had worked in Queensland before). The
remaining 42 had been resident in Fiji for some years.

In the new arrivals signs of malaria were found. 31 (35 per cent.)
had enlarged spleens.  Microscopical examination showed degeneration
of the red cells in almost every such case ; ecrescents of the subtertian
parasite were found only once.

Of these 88 new arrivals 6 had mierofilariae in considerable numbers
at night only. One from New Caledonia had three during the daytime
and twenty-eight at night. Another had two during da,vtunc and
forty-three at night. The two other Solomon Islanders had night
filariae only ; they had been ten or more years resident in Fiji, and showed
but seanty infections unh one and three microfilariae at night

respectively. The only signs of filarial disease in the six were enlarged
olands in two cases.

Older Residents.

Seven had microfilariae in considerable numbers night and day.
These had been resident 30, 30, 25, 20, 10, 10, and one only 2 years
in Fiji, rv-]}r:f_tnf_-h' One had ﬂl;ghL l:“‘l-f‘-"]-h‘l,lltl"l‘-u‘i of both IE;II‘:, one
double varicose groin glands and hydrocele, one enlarged groin glands
and testes. Aumng those with microfilariae there were ten cases of
enlarged glands.

No Solomon Island women are imported, only able-bodied men.

European Residents : no periodicity.

Thirty-five Europeans were examined. Seventeen came from the
nmrrh]:mn hood of Suva, where, being more civilized, they stood less chance
of infection. The remainder came from the eastern or Lau group, where
filarial diseases are rife, and where the Europeans are brought into more
intimate contact with the natives. Twenty-two were males, thirteen
females. Six, or 171 per cent., harboured microfilariae in equal numbers
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day and night (all cases from eastern group). Five suffered from filarial
diseases ; four had lymphangitis ; one multiple abscesses ; one had no
symptoms whatever, Of those without microfilariae three suffered
from elephantiasis of the legs (resident in Fiji 46, 37, and 13 years) ;
one from lymphangitis, one from enlarged and varicose groin glands,
two from enlarged glands,

Fourteen of those examined were born in Fiji; one, suffering from
symptoms of filariasis, had been there three vears, the remainder ten
. to fifty years.

In one place, Loma-Loma, on the island of Vanua Balavu, nine out
of a total of eleven European residents were examined. Four of these
were not infected. One (resident there one and half year) had
lymphangitis and orchitis, but no microfilariae. Four had microfilariae,
two lymphangitis ; one multiple abscesses ; and one old gentleman of 73
had microfilariae without any other of the sign of the infection.

This must not be taken as an indication of the prevalence of filariasis
amongst the whites, for with the exeeption of Loma-Loma the
whites examined were for the most part selected cases. Twelve of
these, however, were nurses in the Colonial Hospital, born in Fiji, or
their relations ; these cannot be regarded as selected cases.
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Appendix XI.—CHART I.—Four Hour Chart of Filaria with no periodicity.

Name : Samueli.  Race: Fijian male, aet. 60. Physical State : Normal.
March, 1910, 17 18 19
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CHART II.—Four Hour Chart of Filaria with no periodicity.

Name : Tiveta Tailemaitonga. Race : Fijian male, aet. 25. Physical State : Normal.
March, 1910. 17 15 19
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CHART III.—Four Hour Chart of Filaria with no periodicity.
Name : Urai. Race : Fijian male, act. 24 Physical Stafe : Normal.
March, 1910, 17 18 14
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CHART IV.—Four Hour Chart of Filaria with no periodicity.

Name : Solomoni. Race : Fijian male, aet. 21, Physical State: Normal,
March, 1910,
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CHART V.—Twelve Hour Chart of Filaria with no periodicity.
. Yame: Samu. FRace: Fijian male, act. 55,
Physical Statc : Lymphatic cedema left arm : axillary abscess.
Blood taken from right hand. i

January, 1910, 22 23 24 25 20 2§ 2R, 29

MEMEIME|ME
0]

MIE M .
[0.0 | 7 1070 so| Jp #plp.

it

Number of
microfilariae
per 16 ¢, inm,
blood, Average
of three slides
taken 10 .,
and of Lhrae
slides taken

10 pom.

CHART VI.—Twelve Hour Chart of Filaria with no periodicity.
" Name : Samu. Race - Fijian male, aet. 55.
Physical State : Lymphatic oedema left arm ; axillary abscess,
Blood taken from left hand, the affected =ide,

January, 1910, 22 23 24 2 26 27 2B 29
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CHART VII.—Four Hour Chart of Filaria with no periodicity.
Name : Samu. feace : Fijian male, aet. 55,
Physteal State : Lymphatic oodema left arm ; axillary abseoss,
ohruary, 1910, 4 5 14 15 16 17
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CHART VIIL.—Four Hour Chart of Filaria with no periodicity.

Name : Sigane. Rgee : Fijian male, aef. 21 FPhlysical State : Ankylosis left hip-joint.
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CHART IX.—Four Hour Chart of Filaria with no periodicity.
Name : Avisai. Kace : Fijian male, act. 25. Physical State : Hydrocele,

February, 19140. 22 23 24
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CHART X.—Four Hour Chart of Filaria with no periodicily.
Nome ; Balinai. Face ; Fijpan female, aet. 25. Plysical State : Pregnancy.
Male baby born on March 12th : No microfilariae found in three slides of baby's blood.
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CHART XI.—Twelve Hour Chart of Filaria with no periodicity.

Sainimere.

Raee :

Male baby born February 15th :
Average of three slides taken 10 a.m.
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CHART XII.—Twelve Hour Chart of Filaria with no periodicity.

FPhyjsical State

Name

Petero.

Race :

Fijinn mala, aet. 45.
Elephantiasis of scrotum and left leg.
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CHART XIII.—Twelve Hour Chart of Filaria with no periodicity.

Name : Kalopate. face : Fijian male, act. 60, FPhlystcal Stafe : f':-JUEI!I.HH!.“i-Ii:i seroti.
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CHART XIV.—Four Hour Chart of Filaria with no periodicity.

Name : Ferimo. Race : Fijian male, aei. 40.
Physical State : Elephantiasis of right arm and left leg.

April, 1910. 11 12 13
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CHART XV.—Four Hour Chart of Filaria with nocturnal periodicity.

April, 1910,
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CHART XVI.—Four Hour Chart of Filaria with no periodicity.

Name : Jukdio,

(Microfilariae found in h}-ilmmlu flunid. )

May, 1910.
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CHART XVIIL.—Four Hour Chart of Filaria with no periodicity.

Name : Kandhi.

April, 1910.
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CHART XVIII.—Four Hour Chart of Filaria with nocturnal periodicity.

Name : Butherie.
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CHART XIX.—Twelve Hour Chart of Filaria with no periodicity.

Name: J. F.

April, 1910,

Race : German male, aef. 52.  Physical State :  Filariasis, enlarged glands,

lymphangitis.
Residence in Piji 1 Ten years ; twelve years previously in Samoa.
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CHART XX.—Four Hour Chart of Filaria with no periodicity.

Discovery of adult filariae,
Race : Fijian male, aet, 24, Physical State : Filarial abscess.
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Table showing maximum, minimum mean temperatures and rain-
fall during the months in which transmission experiments with different

species  of mosquitoes were undertaken.

(razette.)

(From Fiji Government

Species of Mosquito : Culex futigans, Stegqomyio fasciata, Culex

jﬁp.mu t,

1014, Mean
Srva. Maximum.
May.. .. 83I°F.
June e 791 ,,

Species of Mosquito :

August = 8:7° F.
September . . Tl
October i 81-2 ,,

November .. 836 ,,
December .. 866 ,,

Mean

Minimaum.

71:2* F.
691 ,,

Rainfall.

14-123 ins.

HH“‘}‘; LR

Humidity.
306
795

Stegomayin  pseudoscufellaris.

67-5° F.
691 ,,
706 ,
720 ,,
44

S:050 ins.

12-914
19328
12:725

0586

k]

¥

80-4
798
80-4
827
787
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APPENDIX XIVa.

Table to show that the number of microfilariae in blood imbibed by
the mosquito is not in excess of the number in a corresponding amount
of the circulating blood : that is, the mosquito, gqud the microfilaria,
has no selective power.

Mosquito’s stomach, immediately after feeding, dissected out and a
smear of the blood made and compared with a measured smear of blood
taken from patient at the same time.

Number
in the
, Number of | amountof
Amount of Number | . oofilarine | patient’s
e blood ;]E MIETO" | in patient's cireulat-
B g in mosquito’s  |[TPAMACI Giaglating | ing blood
stomach. stomach | blood equal to
blood. | Lor 16 ¢.mm. that
found in
moscuito.
|
(1) Stegomyic psewdo- 4 o, mm, blood | 5 micro- | 80 (average of 20
soutellaris | filarine. 12 slides) e
{2} 3 26 k] T in ?l LE ]
[3) + [Fed on patient | 3-2 o s 2 14
in open)
[4} Lk s 2 -2 as 'i' an - ]'u
[3) e 38 P i (Pl e 11
{“.' L] " &6 LE} Y 5% | 3] 11
[7} ¥ ”» ; 26 EE 9 L | 1] 11
{H} EE ] LE] 3'2 r Iﬂ LE] ) I"I'
(9) s " [ 3-2 i 15 s 5, 14
“-n] L1 L1 | 2-2 33 4 LR ] 3] 1{]
(11) o - [ 20 o 4 i 11
(12) ' p | 2:2 i V5| ok 10
(13) o ” 32 » | 18 ,, - 14
(14) .. (fed on patient
in cage) 4-0 . Ly AT 12
(13] » T d-0 T s T o 12
EI“} ¥ BE | Ilﬂ LR I'E ¥ 21 12
(17} e o 40 ¥ TH (W - 12
(18} - = 40 o [ = 12
‘.!Hr LR ¥ 4‘“ LR 14 " ¥ 12
Eiiij aa L] Iilﬂ 22 11:' LR E 12
{:::I} e ¥ "1"{'" ry 22 LR} L1 12
(22) s v [ 32 33 4 £5 9
(23) + o [ 3:2 e B i o a
(24) . » | 32 " 1555, iEe 9
25) 1] i [ 32 L1 LI s E!
(26) s = 53 e goi sl i 16
(27) o (ed on patient {
in open) 53 = 0L, 247 {uii:irn;;n of 5
| G slides
{EH:I Ui ¥ I‘]ﬁ 53 | I'i LT LR ]ﬁ
(20 i o 106 i Ll i 16
{3“# ¥¥ LE] llu'i LR} ‘:l. Lk 5 l"j
{3 I- :I 23 L -T LR ] '5 ¥ *3 1 1
(32) - = 0 i | [ e b
{33] L] r I"i'.i L] I '-'?’ b ny ?
(R ] s 53 ‘8 ss [L2a= 53 153
(35) s - 8 - [Tt Pioa 1 13
(30 o s 0 o |Fid sy o ]
{3?:' ay LE ] -{I. LR | "l £ e 1'}
{EH] ¥ r In 5s 4 L) 5 1“
(39) ., (fed on patient | 40 7 095 .. 228 ., a5
in cage)
(40} I s [ 20 '8 e s 28
e o | 20 ; e 28
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APPENDIX XIVb.

Table showing that practically all microfilariae imbibed by Stegomyia
pseudoscutellaris develop in thorax and come to maturity.

Date after

el e averace number o . :
Estimated a £ i t feeding on infeeted

microfilariae imbibed.

Number of larval filariae
found in thorax of mosquito.

Ialenosel..
37 per Stegompyia Ard dﬂ.y a5
pacudoscutellaris |
37 T 4th ., [ 43
37 = 10th .. 200
11 o l14th ,, 13
11 = 15th ,, by
12 ¥ 16th )
13 53 16th ,, 5
12 i 17th ., i

These caleulations were made from the same batches of mosquitoes
as those referred to in Appendix XIVa.
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APPENDIX XV.

Measurements of microfilariae without periodicity, in blood, in normal
saline, in citrate solution and in hydrocele fluid.

Length of microfilariae and position of anterior V-spot.

Length.

(1) 300 p ant, V-spot 80 @ from cephalic end.

:2: 255 L] i3] 5 a0 £y

(&) 300 ,, o 76 ., =

(4) 255 ,, 4 qhi. =

(3) 310 ,, o T o

(6) 270 ,, v 75 ,, 4

I?} E:.:i' L3 ] ¥ T'-' L ¥

Length and breadth. Length and breadth.

(1) 240 p > T p (8) 255 = G p
(2) 260,, x 7., (M 270, x 6,
(3 282 .. » 6 ,, (10) 270 ,, > 6,,
(4} 277 ., = G, (11) 240,, x 6,
{5) 262 ,, % 6, (12} 270,, = 6,,
(G) 270 ,, = T ,, (13) 240 ,, = G ,,
(V) 270 ,, X T, (14) 260,, = 7.,

APPENDIX XVI.

Post-mortem examination of a Solomon Islander, male, aet. 30 ten
vears resident in Fiji.

Admitted to hospital with acute respiratory distress; general sub-
cutanecus oedema, most marked in the face and thighs; and dilatation
of the heart. The liver pulsated and was enlarged and tender. The
spleen was enlarged and tender (probably from old-standing malaria).
The knee-jerks were present and there was no tenderness of the calves.
The temperature was slightly raised to 99° F. at night. No ova of
intestinal parasites were found in the faeces.

Examination of the blood on the 2nd of March, 1910, revealed 35
microfilariae at 10 a.m. and 128 at 10 p.m. per 16 c. mm. blood.
Some were stained in a variety of ways: others were kept on ice for
several days. They presented all the characteristics of sheathed micro-
filariae as already described. The patient died suddenly at 8§ a.m. on
the 3rd of March.

A complete post-mortem was made immediately. There was great
oedema of all the tissues, and much fluid in the pleural cavities in the
pericardium and peritoneum. All the blood that could be obtained was
collected in a bucket and carefully searched for parental filariae. The
heart was flabby and enlarged. No atheroma of the vessels was noted.
The liver was enlarged and typically nutmeg, and weighed 60 ounces.
The spleen, 20} ounces, was soft and dark, with capsule greatly thickened.
Right kidney and suprarenal healthy, left kidney hydronephrotic. The
glands at the portal fissure, bronchial and lnumbar glands, were all enlarged
and were carefully dissected, but no filariae were found in them. The
lymphatie tissue in front of the aorta and in the posterior mediastinum,
the mesentery, great omentum, and reeto-vesical connective tissune
were removed and dissected in normal saline, but no adult filariae were



r 150

found. Blood smears were made from the lung, internal jugular vein,
liver, spleen, testes, vesiculae seminales, and the numbers of microfilariae
coveredd by two square coverslips were counted with the following
result ;-

Lung - .. average 63 microfilariae.
Internal jugular vein = 40 -
Liver sie o= 1 45 e
Spleen .. L 11 s

Vesiculae wr-mma,lna a» 0 o

Sections of the organs show microfilariae in greatest abundance in
the interalveolar CEI-]IIILH ies of the lung. The liver shows fatty degenera-
tion of the cells and inerease of interstitial fibrous tissue. Microfilariae
abound in the intralobular veins. In the spleen microfilariae can be
recognized in the capillaries of the spleen pulp. In the kidney and
ff':-h-:-'. none could be found. In the cortex of the left inguinal gland
portions of a male and adult female filaria were found on section.

APPENDIX XVII.

Inequality of distribution of filariasis in Fiji.

Bau.

This, the ancient native capital of Fiji, is situated on an island at the
mouth of the river Rewa (vide map), and is separated from the mainland
by a narrow strait half a mile wide and fordable at low tide. The
estimated population is 4-500. Night-feeding mosquitoes (Culex) are
very common. No day mosquitoes occur, save when the wind blows
from the mainland. 169 of the inhabitants were examined —83
males and 86 females. There is not a single case of elephantiasis
in Bau.

1.—MALES OVER 20 YEARS OF AGE (52 EXAMINED).

With no microfilariae or signs - - - - L ST
With microfilariae in blood and signs of filariasis - - 8
2 hydrocele—3 enlarged testis—3 enlarged glands.
Microfilariae in blood without signs of filariasis - - - 8
Signs of filariasis, but no microfilariae - - = = =

7 hydrocele—9 enlarged testis—5 enlarged glands.
Microfilaria rate 30°7 per cent.

Filarial disease rate 73 per cent.—(i.e. cases with microfilariae without
signs, microfilariae with signs, and with signs of ﬁlur_iul disease, but no
microfilariae).

The absence of abseess and the large proportion of testicular affections
are to be noted.
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2.—MALES UNDER 20 YEARS OF AGE (31 EXAMINED).

With no microfilariae or signs - - - - - - 27
With microfilariae in blood and signs of filariasis - - - 0
Microfilariae in blood without signs of filariasis - - - o

Signs of filariasis, but no microfilariae - - - - - 4
All enlarged glands,

Microfilaria rate o per cent. Filarial disease 12'9 per cent.

3.—FEMALES OVER 20 YEARS OF AGE (45 EXAMINED).

With no microfilariae or signs - - - - - - 28
With microfilariae in blood and signs of filariasis - - - 0
Microfilariae in blood without signs of filariasis - - - 5
Signs of filariasis, but no microfilariae - 12

1 abscess—I11 enlarged glands.
Microfilaria rate 11'1 per cent. Filarial disease rate 377 per cent.

4.—FEMALES UNDER 20 YEARS OF AGE (41 EXAMINED).
With no microfilariae or signs - - - - - - 37
With microfilariae in blood and signs of filariasis - - - ©
Microfilariae in blood without signs of filariasis - - 0

Signs of filariasis, but no microfilariae - - - - =i
Enlarged glands.

Microfilaria rate o per cent. Filarial disease rate 7°3 per cent.
For total number examined :(—

Elephantiasis rate o per cent.
Microfilaria rate 12'5 per cent.
Filarial disease rate 36°3 per cent.

Loma-Loma.

Chief town of the island of Vanua Balavu {or Vanua Vua) in the
eastern or Lau group, and situated 200 miles from Suva. The official
return gives 124 inhabitants for the township. 1t lies on the sea front,
bounded on each side by brackish creeks and mangrove swamps, in
which Stegomyia pscudoscutellaris, the commonest mosquito there,
swarms. Stegomyio fasciata and Culex jepsoni were also noted and
were bred from larvae.

In Loma-Loma town 132 persons of all ages were examined. They
were ordered to present themselves for this purpose by the head man.
Afterwards a house-to-house visitation was made, so that I am con-
vineed that very few, save small children in arms, escaped examination.
This description of my method of conducting the investigation applies
to all the places visited, and from which the following statistics were
obtained ; included among those under Loma-Loma are the three
neighbouring villages Urnoni, Levukana, and Naruciva, in which 30,
30, and 16 inhabitants respectively were examined.
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MALEs ovER 20 YEARS (87 EXAMINED).

With no microfilariae or signs of filariasis - - - — 2T
With microfilariae and signs of filariasis - - - - 26

Including 2 hydrocele—2 enlarged and varicose groin glands—15 abscess
—T7 enlarged glands.

With microfilariae and no signs of filariasis - - - - 13
Signs of filariasis, but no microfilariae - - - - =

Including 2 elephantiasis—2 hydrocele—4 enlarged and varicose groin
glands—7 abscess—11 enlarged glands.

Microfilaria rate 44'8 per cent. Filarial disease rate 758 per cent,

« Ty S0 numerous were the Stegomyia pscudoscutellaris that over 100
were caught on one person in less than twenty minutes just outside
the village. They were found breeding in two fresh-water wells; the
majority, however, probably bred in the brackish swamps amongst the
INANgroves,

MALES UNDER 20 YEARS (32 EXAMINED).

With no microfilariae or signs of filariasis - - - - 22

With microfilariae and signs of filariasis - - - -
Enlarged glands.

With microfilariae and no signs of filariasis - - - 4

Signs of filariasis, but no microfilariae - - - - - 4

| abscess—3 enlarged glands.

Microfilaria rate 18-7 per cent. Filarial disease rate 312 per cent.

FEMALES OVER 20 YEARS (57 EXAMINED).

With no microfilariae or signs of filariasis - - - - 30
With microfilariae and signs of filariasis - - - e il
1 elephantiasis—2 abscess.

With microfilariae and no signs of filariasis - - - = 16
Signs of filariasis, but no microfilariae - - = = =

1 elephantiasis—3 abscess—1 arthritis—3 enlarged glands.

FeEMALES UNDER 20 YEARS (46 EXAMINED).

With no microfilariae or signs of filariasis - - - - 34
With microfilariae and signs of filariasis - - - -
2 abscess—1 enlarged glands.
With microfilariae and no signs of filariasis -
Signs of filariasis, but no microfilariae - - - - -
1 absecess—2 enlarged glands.

|
[
1
L5 T = L

Therefore for total examined ;—

Elephantiasis rate 1'8 per cent. -
Microfilaria rate 32°8 per cent.
Filarial disease rate 50 per cent.
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Lakemba.

Having an area of 11,500 acres, it is one of the largest islands of the
eastern group, and has a bad reputation for filariasis. It is generally
considered to be the stronghold of elephantiasis in Fiji. The soil is very
fertile, volcanic in origin, and heavily wooded. There are numerous
brackish creeks. A large one flows through the main town (ealled
Levuka). Mosquitoes swarm, Stegomyic pscudoscuiellariz being very
abundant in the mangrove swamps and in the native huts. Culer Jatigans
and S!ryrﬂn‘;m fﬂ.sﬂm{z breed commonly in the fresh-water cisterns in
which rain-water is collected. Night mosquitoes (Culex) are said to be
very numerous in hot weather, and day mosquitoes (Stegomyia) all the
year round.

‘The number of inhabitants of Lakemba Island totals 879 (official
return) ; of these 446 were examined. Out of the total of 303 inhabitants
in Levuka town 266 were examined, a house-to-house visitation being
made.

l.—Mares over 20 (77 EXAMINED).

With no microfilariae or signs of filariasis - - - - 6

With microfilariae and signs of filariasis - - - - 3I
8 Ei-epha,uthHH- 2 hydrocele—1 enlarged testis—5 enlarged and varicose
groin glands—1 arthritis—7 abscess—7 enlarged H'ld.lll.]'i

Microfilariae, but no signs of filariasis - - - - - 3
With signs of filariasis, but no microfilariae - - - - 32
8 elephantiasis—5 hydrocele—I1 enlarged testis—1 enlarged and varicose
groin gland—I12 abscess—6 enlarged glands.

Elephantiasis rate 22'2 per cent.

Microfilaria rate 44°1 per cent.

Filarial disease rate 856 per cent.

With no microfilariae or signs of filariasis 84 per cent.

N.B.—50 per cent. of males over 20 had microfilariae in blood.

2.—MaLES UNDER 20 (77 EXAMINED).

With no microfilariae or signs of filariasis - - - - 6
With microfilariae and signs of filariasis - - - - IO
Microfilariae, but no signs of filariasis - - - - = g
With signs of filariasis, but no microfilariae - - - - 38

Microfilaria rate 16'8 per cent. Filarial disease rate 66'2 per cent.

3.—FEMALES OVER 20 YEARS (79 EXAMINED).

With no microfilariae or signs of filariasis - - - - 30
With microfilariae and signs of filariasis - - - - 15
1 elephantiasis—4 abscess—10 enlarged glands.
Microfilariae, but no signs of filariasis - - - - - 12
With signs of filariasis, but no microfilariae - - - - 22

3 elephantiasis—9 abscess—10 enlarged glands.
Microfilaria rate 34°1 per cent. Filarial disease rate 70'8 per cent.
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4.—FEMALES UNXDER 20 YEARS (38 EXAMINED).

With no microfilariae or signs of filariasis - - - - 17
With microfilariae and signs of filariasis - - - e
2 abscess—3 enlarged glands.

Microfilariae, but no signs of filariasis - - - - - 9

With signs of filariasis, but no microfilariae -
1 abscess—6 enlarged glands.

Microfilaria rate 36°8 per cent. Filarial disease rate 55'2 per cent.

!

i

i
=]

Therefore for Levuka town, of the total inhabitants examined, 226
in number,
The Elephantiasis rate was 73 per cent.
,» Microfilaria rate was 32'4 per cent.
,, Filarial disease rate was 69-0 per cent.

Three other villages, lying four to eight miles away from the main
town—names : Wacaca, Waitabu and Sungalo—were investigated.

The first named contained sixty-five inhabitants, including four cases
of elephantiasis, of whom all were examined. It is situated on the coast
by the side of a brackish cereek, surrounded by mangrove swamps. Rain-
water, stored in large cement tanks with a tin roofing, is drunk ; it is
clear and apparently breeds no mosquitoes. The commonest mosquito
was Stegomyia  pseudosculellaris, which swarmed. Stegomyie fasciala
was also common. The next "nl“.L,L'l" Waitabu, with one casze of elephan-
tiasis, contained forty-one inhabitants, all of whom were examined.
No ste gomyiae were seen here, and were said not to be abundant, the
village lying about two miles inland. Sungalo, the next village, 1ul.ﬂ;-l‘l
five cases of elephantiasis, lies on the coast, with a brackish creek on
either side. Seventy inhabitants were examined. The water supply
is from a cement rain-water tank.

Mavres ovER 20 YEARS (70 EXAMINED).

With no microfilariae or signs of filariasis - - - = I3

With microfilariae and signs of filariasis - - - - 23
3 elephantiasis—6 hydrocele—2 enlarged and varicose groin glands—
4 abscess—8 enlarged glands.
Microfilariae, but no signs of filariasis - - - - - 5
With signs of filariasis, but no microfilariae - - - - 29
5 elephantiasis—5 hydrocele—1 enlarged testis—4 enlarged and varicose
groin glands—5 abscess—9 enlarged glands.
Elephantiasis rate 11°4 per cent. Micruﬁlaria rate 40’0 per cent.

Filarial disease rate 81-4 per cent.

MALES UNDER 20 YEARS (30 EXAMINED).

With no microfilariae or signs of filariasis - - = - 17
With microfilariae and signs of filariasis - - - - 0
Microfilariae, but no signs of filariasis - - - - =
With signs of filariasis, but no microfilariae - - - - 12

1 hydrocele—2 abscess—9 enlarged glands.
Microfilaria rate 3-3 per cent. Filarial disease rate 43°3 per cent.
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FEMALES OVER 20 YEARS (54 EXAMINED).

With no microfilariae or signs of filariasis - - - - 32
With microfilariae and signs of filariasis - - - -

1 enlarged and varicose groin gland—3 abscess—3 enlarged glands.
Microfilariae, but no signs of filariasis - - - - = E
With signs of filariasis, but no microfilariae - - - - 10

1 elephantiasis—b abscess—4 enlarged glands.

Microfilaria rate 2zz-2 per cent. Filarial disease rate 42°5 per cent.

FEMALES UNDER 20 YEARS (25 EXAMINED).

- 0 0m _15
- - - 1

With no microfilariae or signs of filariasis
With microfilariae and signs of filariasis
: 1 enlarged gland.
Microfilariae, but no signs of filariasis - - - - - 4
With signs of filariasis, but no microfilariae
2 abscess—3 enlarged glands.

1
1
i
i
wn

Microfilaria rate 20 per cent. Filarial disease rate 40 per cent.

Total for- villages in Lakemba (179 persons examined) :—
Elephantiasis rate 5 per cent.
Microfilaria rate 257 per cent.
Filarial disease rate 56'0 per cent.

The Island of Oneata

Lies twenty miles to the south-east of Lakemba. It is a very fertile,
mgywl island, of some 720 acres in extent. The number of ||11m|:+|tant=,
is given officially as 185, 114 of whom were examined. This island
is famed thmughnut Fiji as being the worst island for mosquitoes in
the group. There is a I.1rgl} fresh-water swamp, with many reeds and
much nmhhngc-mtmn in the centre of the island, where the mosquitoes
breed in great numbers.  Thence they are carried by the wind in swarms.
There is a Fijian myth which attributes the great number of mosquitoes
to the agency of one of their ancient gods. There are two villages, one
of which gets its water by pipes from a spring, the other from a cement
tank. The mosquito seen In greatest nuambers was Culex jepsoni.
1“:!(@’}?}1 it pamn'mmtrﬁun.s was also seen, but not nearly so commonly
as in Lakemba. It is said that the 111u51[u1tnts are s0 numerous that
in certain parts the natives cannot keep pigs, and that, before the intro-
duction of mosquito nets, the inhabitants had on occasions to camp
out on the reef by the sea-shore for the night. It is to be noted that

though the mosquitoes are so common elephantiasis is, as compared
with Lakemba, a rare disease,

MarLes ovER 20 YEARS (31 EXAMINED).

With no microfilariae or signs of filariasis - - - - 5

With microfilariae and signs of filariasis - - - - 11

1 elephantiasis—2 hydrocele—3 enlarged and varicose groin glands—
1 abscess—4 enlarged glands.

Microfilariae, but no signs of filariasis - = - - =
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With signs, but no microfilariae - - - - - - 13
1 elephantiasis—4 hydrocele—3 enlarged and varicose groin glands—
2 abscess—2 enlarged glands.

Elephantiasis rate 6'7 per cent. Microfilaria rate 419 per cent.
Filarial disease rate 838 per cent.

MALEs UNDER 20 YEARS (24 EXAMINED).

]
i
!
i
=

[
i
L]
i
tnh © & n

With no microfilariae or signs of filariasis

With microfilariae and signs of filariasis

Microfilariae, but no signs of filariasis - - - = 5

With signs, but no microfilariae - - - - - -
Enlarged glands.

Microfilaria rate 16'6 per cent. Filarial disease rate 375 per cent.

FEMALES OVER 20 YEARS (35 EXAMINED).

With no microfilariae or signs of filariasis - - - - 20
With microfilariae and signs of filariasis - - - - 3
1 abscess—2 enlarged glands.

Microfilariae, but no signs of filariasis - - - - - 6
With signs, but no microfilariae - - - - - - 6

3 abscess—3 enlarged glands.

Microfilaria rate 25'7 per cent. Filarial disease rate 42'8 per cent.

FEMALES UNDER 20 YEARS (24 EXAMINED).

With no microfilariae or signs of filariasis - - - - 19
With microfilariae and signs of filariasis - - - - I
Enlarged gland.

Microfilariae, but no signs of filariasis - - - - - 2
With signs, but no microfilariae - - - - - = 2

Enlarged glands.
Microfilaria rate 125 per cent. Filarial disease rate 20'8 per cent.
Total for Oneata :
Elephantiasis rate 15 per cent.

Microfilaria rate 22'5 per cent.
Filarial disease rate 472 per cent.

Summary of Statistics.

Izland of I I Oneata Lakemba
Bau. «0ma- LOma. Island. Island.
Elephantiasis rate 0 per cent, 18 por eent. 1-5 per eent. H'7 per cent.
Microfilaria rate Jon | 32-8 o 28060 365
Filarial disease rate 363 ,, I LR i ey FEnRsl
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APPENDIX XVIII.

Table to ascertain whether the seat of obstruction can be determined
from the presence of enlarged glands in elephantiasis.

Elephantiasis of one
part only.

(1) Elephantiasis scroti,

(2) Lymphatic oedema
left arm. Male.
{3) Elephantiasis seroti.

{4) Elephantiasis right
breast. Female,

(3) Elephantiasis left leg. |

Female.

(6) Elephantiasis right
leg. Male.

(7) Elephantiasis lefi
arm. Male,

(8) Elephantiasis right
leg. DMale.

(9) Elephantiasis left leg.
Male,

(10) Elephantiasis scroti.
{11) Elephantiasis scroti.

(12} Elephantiasis left arm.
Female.

(13) Elephantiasis right
arm. Female.

(14) Elephantiasis left leg
Male.
(15) Elephantiasis seroti.

(16) Elephantinsis seroti.

(17) Elephantiasis seroti.

(18) Elc{::huutinsis left arm.
Male.

i 19) Elephantiasis seroti.

(20) Elephantiasis seroti.

Visible obstruction.

|—_
| Enlarged glu.udﬁ, right-
groin,

Enlarged axillary and
pectoral glands (left).

Enlarged glands, right
groin,

Enlarged pectoral gland,
right.

Enlarged glands, left
groin.

Enlarged glands both
groins.

None

Enlarged glands both
Eroins.

Enlarged glands both
Eroins.

Enlarged glands both
groins,

Enlarged glands both
groins.

None

N one
| Enlarged glands left
groin,

Enlargoed glands both

ETOINS.
Nonoe

Enlarged gland right
groin,

None

Enlarged glands both
groins,

Enlarged gland both
| Eroins

- —

Aszzociated filari al
disease,

Double hydrocele.

Double hydrocele,

Axillary abseess.

Hydroeele, left.
Enlarged testis, right.

Numerous abscesses over
internal condyle, right,

Abscess left thigh.
Abscess left leg.

Enlarged glands both
rroins.  Abscesses left
thigh.

Abseesses both groins,

Laoft epitrochlear glands
enlarged,

Hydrocels, left,

Double hydrocele,

Double hydrocele,

| Double hydrocele,
Enlarged epitrochlear

| gland, right. Enlarged

groin gland, left.

Hydrocele, right.
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Elephantiasis of more
than one part,

Visihle obstruction.

Associated filarial
dizeasze,

(1) B ll‘llliEl-lﬂ:i-l-.lﬁi.:—i left arm Wone

and left log, Male,

{2} Elephantiasis right
arm and left leg.
Male. .

bend of elbow, also
groin,

Enlarged glands both

{3) Elephantiasis of both
groins.

legs.  Male.

Enlarged epitrochlear

(4} |':ll"|:]mnt'l'=‘|:{i:< of hoth
glands, right.

arms and legs, H]ig]ib
elephantiasis seroti,

(3) Elephantiasis right leg | Enlarged glands right
and serotum. groin.

Cnlarged glands both
Eroins.

(i) Elephantiasis both
legs and serotinm.

: Enlarged glands left

(7) Elephantiasis both

legs. Alale. Eroin.

(%) Elephantiasis both None
legs and serotum.

(1) Elephantiasis both None
arms anid scrotum.

(10} Elephantiasis both Enlarged glands left

lezs.  Male. groin.
(11} Elephantiasis of both None
legs and serotum.
[
(12) Elephantiasis of both None

arms and serotum.

(13) Elephantiasiz both

arms and legs, Male, | enlarged.

Enlarged glands both

(14) Elephantiasis both
ErOIns.,

arms. Male,

Enlarged ['.]J:itl'ﬂcll]l.'!ul‘

(15) Elephantiasis left arm
gland, left, and en-

and both legs, Male.

(16) Elephantiasis both

arms. Male enlarged,

Enlarged epitrochlear

(17) Elephantiasis left arm «
glands both sides,

and both legs, Female,
(18) Elephantiasis right None
arm and both legs.
Female.

Varieose lymphaties at

enlarged glands right

Both epitrochlear glands
Enlarged
groin glands both sides,

larged groin glands,left.

Both epitroelilear glands
En]m'ged
groin glands both sides,

Multiple abscesses.

Abscesses in left groin.

Both testes enlarged.

Both testes enlarged.

Ahbseess right thigh.

Enlarged testes. Hydro-
eole, right. Abscesses
left arm.,

| Abscess right thigh.

Enlarged epitrochlear

glands, left.

Enlarged testes, Hydro-
coele right.  Abscesses
left arm.

Enlarged testes. Abscess

laft groin.

Double hydrocele,




Elephantiasis of mors

than one part.

(19) Elephantiasis both
arms.” Female.

{20) Elephantiaszis both
legs and seroturm.

f(21) Elephantiasis both
legs. Female.

[(22) Elephantinsis both
legs, serotum and
right arm.

f{_?.’i-j Elephantinzis hoth
legs, serotum and
'I:-::-l:,h ATITE,

(24) Elephantiasis right
leg and serotum.

(25) Elephantiasis both
logs, left arm and
serotlrm.

(26) Elephantinsis left log

and serotum,

(27} Elephantiasis scrotum

and left leg.
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Vizibhle obstruction.,

Enlarged epitrochlear
glands, left.

None

Enlarged glands leit
Lroin.

NU]I'}

Enlareed plands leit
ErOin,

Enlarged glands both
ETOINE.

™ S o

inlarged glands right

Eroin.

Enlarged glands bhoth
Eroins,

Enlarged glands both

SOOI,

APPENDIX XIX.

Assoeiated filarial
dizease.

Abseess right groin.

Enlarged epitrochloar
olands, right. Double
hydrocele and enlarged
teates,  Abacess right
leg.

Abseess left groin and
right breast,

| Abseess both groins.

Abseess left nrm.

Abzeesses right groin,

Abseess vight sroin.
Hydr uﬂrh'- rliflﬂ,.

| Double hydrocels,
|

| Hydroeele, left.

Details of cases of abscess of probable filarial origin.

1. Fijian male, ael. 24, was admitted to hospital with a typical attack
of filarial lymphangitis. Temperature 102-6° F. (left axilla), pulse
120, and frequent rigors. There was a painful lump over the right
internal condyle about the size of a half-crown. It was hot and
tender to the touch. The edges were indefinite, and the lymphatics
in the course of the brachial artery could be palpated and were tender,
There were numerous microfilariae in the blood (Appendix X1., Chart 20,
Leucocytes numbered 18,800 per c¢. mm., the red cells 3,050,000, while
a differential count showed 5 per cent. of eosinophiles.  The skin began
to get very hot and shiny over the lump, and it was evident that an
abscess was forming. On incision, two recently dead female filariae
were found. A small amount of thick pus, like an L-hmcr:a,lml cord, exuded.
Cultures were made with great precaution from the pus, on blood and
ordinary agar. Some was taken up by means of a platinum loop, and
some aspirated into a syringe. All cultures grew Slaphylococeus pyogenes
aurews and Streplococcus pyogenes. Three smears stained by methylene
blue showed one microfilaria in the pus. The pus cells were peculiar ;
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very few polymorphonuelear cells were seen, but the cells appeared mostly
to be lymphocytes and breaking down red corpuscles. Immediately
after the operation the temperature became normal. Part of the
inflammatory mass dissected out at operation was sectioned micro-
scopically, and portions of a female filaria were found (vide Pl. XXTIL)
Iving in a lymphatic space surrounded bi.r' haemorrhage and lllﬂﬂ.l'llma.t{':l"_}
tissue, and microfilariae w ere seen lying in a lymph space. No cocei could
he demonstrated in microscopical sections by appropriate stains, but
a great many eosinophile cells could be demonstrated in the surrounding
tissues. The morning after the operation the lymphatics could still
be felt as thickened cords. There were scars of numerous other
abscesses on the patient’s body, three in the left groin, others on the
inner surface of both the left and right upper arms. _

2. Fijian male, act. 30, A large abscess situated at posterior border
of the right axilla in the substance of latissimus dorsi. Temperature
103:58% F. Four ounces of thick yellow pus evacuated ; a similar swelling in
the left ftluluh maximus yielded no pus on incision. Sears of numerous
otherabscesses were situated in the right axilla and onthe posterior border
of the scapula on the same side. There was no history of injury. There
were numerous old yaws ulcers on both legs. Smears of pus showed
numerous staphylococei, and Staphylococcus pyogenes aureuws was grown
on culture. Microfilariae were numerous in blood-stream—47 at 10 a.m.
and 30 at night per 16 ¢. mm. blood. None were seen in smears of
the pus.

3. Fijian male, aet. 24, Temperature 99-8°F. A large hard,
fluctuating painful swelling, size of goose’'s egg, situated about half-
way up left humerus on the inner side. Enlarged and painful gland
in corresponding axilla. The leucocytes numbered 11,300, Differential
count showed 8 per cent. of eosinophiles. Microfilariae were numerous
in the blood, forty-four per 16 c.mm. There were marks of other
ahscesses in the left axilla.

The abscess, several inches in diameter, was situated in the substance
of the biceps muscle and contained 15 ounces.of thick, yellow, creamy
pus. Cultures on agar grew Staphylococcus pyogenes albus. Smears
of pus showed no mierofilariae, but clusters of staphylococel were seen.
The pus cells appeared to be mostly breaking down lymphoeytes;
there were also a great many eosinophiles and a few polymorphs.

4. Fijian male, act. 45. Elephantiasis of left leg; abscess on dorsum
of left foot, three inches below external malleolus ; scars of old abscesses
in left gastrocnemius; double enlarged and varicose groin glands; enlarged
left testis.

Blood contained no microfilariae ; the white cells numbered 7,100,
red cells 4,700,000, and eosinophiles 5 per cent. The abscess was incised.
Smears of the pus revealed numbers of lymphocytes, {’ﬂHluuphllE‘: and
polymorph cells, together with chains of streptococei. A culture on
agar grew colonies of Streplococcus pyogenes.

5. Fijian male, act. 24. Patient stated that he had had a lump
in left groin for fourteen days. This had become a fluctuating swelling
about size of hen’s egg, surrounded by dense inflammatory tissue.
Temperature 101°8° F. No microfilariae found in blood. The abscess
was punctured with a sterile syringe and a guantity of purulent fluid
withdrawn. No microfilariae were found in the pus. Cultures on
agar grew Staphylococcus pyogenes albus ; cultures were made on a
subsequent occasion with the same result,
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6. Fijian male, aet, 18. Sudden pain in enlarged glands in right
groin. Ankle-joint of same side painful and swollen. Tenderness along
the course of the lymphatics. Glands of groin inflamed and tender.
Temperature 99° F. White blood cells 10,290, Eosinophiles 18 per
cent. Microfilariae averaged 6 per 16 c¢. mm. blood.

On puncture the groin gland exuded cloudy lymph, containing great
abundance of lymphoeytes, but no microfilariae. On agar this lymph
grew pure cultures of Staphylococeus pyogenes albus in forty-eight hours.

7. Fijian male, aet. 15. Abscess size of a duck’s egg in right groin.
Blood no mierofilariae, white cells 9,600, red cells 6,487 000, cosinophiles
15 per cent. On ineision thick cloudy pus obtained, consisting of poly-
morphs, lvmphoeytes, a few eosinophiles and red blood corpuscles.
Bunches of staphylococei were seen, but no microfilariae. Inoculated
on to agar grew pure culture of -‘a.frq.ife.r,rfm'ﬂ:*rm PUOYEIES (HPENS,

8. Ji':jurm male, aet. 20, Rigors lasting off and on for four days.
A large abscess developed in latissimus dorsi about six inches below angle
of right scapula. Temperature 100-6° F. White cells 13,700 ; red cells

50,000 ; eosinophiles 4 per cent. Microfilariae (average of three
glides) numbered 127 at 10 a.m. and 139 at 10 p.m. On incision a cyst-
like cavity found in the substance of latissimus dorsi muscle containing
thick grumous pus. Films of this pus show no microfilarviae, but
numerous polymorph pus cells and staphylococei.  Culture of pus grew
Staphylococcys pyogenes auwrens in pure growth,

Six days later a hard swelling appeared in the substance of triceps
muscle on the same side, but disappeared without suppuration.

APPENDIX XX.

Details of Investigations on cases of hydrocele and enlarged
testes, not mentioned in the Text.

1. Fijian male, act. 30. Double hydrocele in association with
elephantiasis scroti. At operation the right hydrocele was found to
be lobulated and contained straw-coloured fluid. Hydroceles of the
cord were also present. Fluid was aspivated by syringe and remained
sterile on culture. When centrifuged, cholesterin  erystals and
lymphoeytes were found.

2. Fijian male, act. 40. Double hydrocele in association with
elephantiasis scroti. Contained straw-coloured fluid. Cultures from
each hydrocele remained sterile. Fluid was centrifuged and contained
cholesterin ervstal and lymphocytes.

3. Indian male, acl. 22; four vears in Fiji. Left hvdrocele. No
other sign of filariasis. Hydrocele fluid straw-coloured, sterile on
culture. Few microfilariae  in  blood exhibiting no periodicity.
Hydrocele fluid contained numerous live microfilariae, some sheathed,
others sheathless (vide Phot. XIIL.), also great numbers of dead forms
and empty sheaths. Microfilariae lived thirty-six hours in this fluid.

4, Fijian male, acl. 24.  Right hydrocele, size of a goose’s ege,
lobulated. Fluid procured at operation was centrifuged, but nothing was
found. Bac walls were teased out in normal saline, but no filariae found.

M
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5. Fijinn male, aef. 28, Left hydrocele in association with enlarged
and varicoss groin glands on the right side. At operation straw-coloured
fluid obtained; centrifuged, but nothing found. On culture it remained
sterile, Mass of gelatinous blubbery tissue found lying round the sper-
matic cord. In hydrocele sac walls, which were very thick and vascular,
numbers of caleified filariae were found in a good state of preservation.
The right testis and epididymis were enlarged. From the lower pole
of the testis, a cyst with thick calcareous walls and enclosing brown
sebaceous-like material was shelled out. A similar mass found at the
upper pole consisted of inflammatory tissue enclosing a caleified filaria.
Sections of this hydrocele sac wall show bundles of unstriped muscle
fibres (cremaster internus) surrounded by proliferating fibrous tissue,
dilated blood and lymphatic vessels. No lining layer of epithelial cells
could be recognized.

6. Fijian male, acl. 29. Right hydrocele in association with
elephantiasis of the serotum and enlargement of both sets of groin glands.
Straw-coloured fluid was centrifuged, but nothing found ; it was sterile
on culture. No ecaleified filariae found in sac wall.  On section of hydro-
cele sac wall bundles of unstriped muscle fibres of the cremaster internus
were seen.  Fibrous tissue was very abundant, enclosing large blood and
lymph vessels. Again no lining epithelium could be distinguished.

7. Fijian male, act. 30. Double hydroceles associated with peduncu-
lated groin glands on the left and enlarged groin glands on the right.
The right hydrocele was lobulated. The epididymes were very vascular
and enlarged. Cultures were made from fluid and were sterile. In
the cen rifuged fluid nothing was found. Dissection of the sac walls
also vielded no filariae.

8. Fijian male, aet. 45. Right hydrocele associated with slight
elephantiasis scroti, and elephantiasis of the left leg; double enlarged
groin glands. Straw-coloured fluid was eentrifuged, but nothing found.
Hydrocele sac, tough and vascular, was dissected and great numbers
of well preserved calcified filariae were found, often three and four
together. Sections of the sac wall show bundles of muscle fibres
surrounded by thick bands of fibrous tissue enclosing dilated lymph
spaces and blood-vessels. No lining epithelium could be distinguished.

9. Fijian male, aet. 60. Right hydrocele associated with elephantiasis
of the serotum, and double CI‘I"I.I{..{‘I'.] groin glands. At operation the
straw-coloured hydrocele fluid was (ﬂlltllf[lg{'tl but nothing found. No
filariae were found on dissection of the sac wall.

10. Fijian male, aet. 25. Left hydrocele. Operation. Straw-
coloured fluid obtained and centrifuged ; nothing found. No filariae
found on dissection of the sac wall. .

1l. Fijian male, act. 40. Left hydrocele associated with
elephantiasis of scrotum and left leg: double enlarged groin glands.
Straw-coloured fluid centrifuged : great number of cholesterin erystals
found. The sac walls were calcified to a great extent. This calcification
consisted of thick cords filled with amorphous masses of caleium car-
bonate. When cleared in creosote, numbers of coiled and caleified
filariac could be seen in the surrounding tissue. A discharging ulcer
on the surface of the scrotum was found to communicate with a purulent
cavity in the right epididymis. A ecaleified filaria was found coiled
up in the fibrosed testicular substance. Sections of this hydrocele
sac wall show bundles of the cremaster internus, cach bundle enclosed
by strands of fibrous tissue.
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APPENDIX XXI.

Details of diffuse inflammatory swellings.

1. Fijian male, aci. 23, Admitted with a temperature of 100° F,,
once reaching 102°F. An indefinite hard mass, the size of a tangerine
orange, appeared in the abdominal wall in the left lumbar region, but
quickly disappeared again. A day later a smaller one appeared just
above the level of the nmbilicus on the right side. This was very painful
and tender to the touch. The epitrochlear glands and glands of the
right groin were enlarged. Leucocytes numbered 14,000, Eosinophiles
22 per cent. No microfilariae were present in the bload. A week after
admission the lnmp was explored and found to be situated in the sub-
stance of the external oblique muscle. Cultures were made from fluid
aspirated by means of a syringe, but remained sterile. The mass was
carefully dissected in normal saline, but no filariae or their remains were
found. The patient made an uninterrupted recovery, and no more
swellings appeared.

2. Fijian male, act. 30. Admitted with numerous abscesses and
high temperature—104° F. One was opened at the posterior border
of the axilla, a second on the outer surface of the left leg below the knee,
a third in the substance of the pectoral muscles on the left side. No
microfilariae were found in the blood. A hard lump about the size
of a tangerine orange appeared in the left lumbar region, apparently
situated in the substance of the muscle, but not attached to the skin.
The temperature remained irregular, rising to 100° F. at night. The
mass was aspirated and a small quantity of blood-stained fluid obtained
which remained sterile on culture. No microfilariae were found in the
exudate. Aspiration was repeated on a subsequent occasion with a
similar result. The lencocytes numbered 11,250, and the eosinophiles
13 per cent. A month later the mass still preserved the same features,
but was less painful. On discharge the lump had dizsappeared. Three
months after he was seen in his native village. He was then quite normal
and had had no recurrence of the trouble.

APPENDIX XXII.
Thrombosis was noted in four cases.

L. A Solvmon [slander, act. 30 infected with microfilaria nocturna, whose
chart is given in Appendix XI., Chart XVIII, suddenly developed a
thrombosis of the median vein in the left arm. The arm was painful
and there was a slight rise of temperature to 99° . There was no local
cause to account for it. The leucocytes at the time numbered 5900
and eosinophiles 6 per cent. :

2. A Fijian male, act. 28. Admitted complaining of pain in the left
side of the neck and shoulder. A thrombosis suddenly developed,
involving the axillary, median basilic, and median veins. This cleared
up without a rise of temperature or any other disturbance. The blood
contained no microfilariae; leucocytes numbered 6.500. Eosinophiles
21 per cent.

M 2
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Thrombosis in association with septic infection was noted twice,

3. A Fuwropean, act. 28. Thrombosis of the internal saphena vein,
together with adenitis of the groin, a_staphylococeal mfwtmu of the
pelvie glands and a high {*nxnm]lhl]]@

d A Fijian male, aet. 50.  Admitted with large right hydrocele and
enlarged glands in left groin. His temperature was of an intermittent
type, reaching 102° F. and 103° F. A thrombosis of the femoral vein
on the left side appeared. An abscess developed at the site of the throm-
hosis, and Streptococeus pyogenes was cultivated from the pus. Pus
next appeared in the left knee-joint. This was opened. Films of pus
showed quantities of streptococei and pus eells.  Three weeks later, pus
appeared in right popliteal space and streptococei were again demon-
strated in films and on culture. The temperature became normal, and
the patient was discharged with an oedematous swelling of both legs.
The blood contained no microfilariae. Leucocytes numbered 10,900.
Eosinophiles 21 per cent.

AFPPENDIX XXIII.

Details of cases of synovitis of probable filarial origin.

1. A Fijian male, acl. 60, was admitted with painful enlargement
of right knee-joint and temperature of 100° F., falling to normal in the
daytime.  There were enlarged matted g_,ldmlw in the left groin and
the left testis was enlarged and heavy. Both spermatic cords
were much thickened and lobulated. The blood contained but one
microfilaria per measured slide.  Under an anaesthetic the glands of
the left groin were removed and found to contain caleified filariae. The
right knee-joint was aspirated ; a considerable amount of fluid was found
in the suberurens pouch.  The fluid was purulent and consisted of
quantities of polymorphonuclear cells. No organisms were found, and
it remained sterile on culture. A certain degree of ankylosis took place,
and the knee-joint could not be extended beyond an angle of 70%, though
flexion was possible. A considerable amount of fluid and thickening
remained, but the pain disappeared. On his discharge, iwo months after-
wards, the affected knee still measured two inches more in cirenmference
than the left. Microfilariae could still be found sparingly in the blood.

2. A Fijian male, aet. 23, had a vielent rigor in the middle of the
night with a typical attack of orchitis in right testis and adenitis of glands
of right groin.  The next day his right knee-joint was found to be enlarged
and. very painful. Another rigor ensued and his temperature went
up to 104° F. The knee-joint was opened and a quantity of |}111u]1-11t
fluid evacuated. The joint was flushed out with saline and weak carbolic
golution and a tube inserted. ‘The inflammation of the groin glands
subsided and the temperature became normal. A considerable amount
of ankylosis and thickening ensued. Four months later the knee-joint
could be flexed to a right angle and measured one inch more in circum-
ference than the left. No microfilariae were found in the blood.
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APPENDIX XXIV. (1).

Enlarged epitrochlear glands due to presence of live or calcified

filariae.

Macroscopically all such glands presented the same appearance.
They were very vascular; the capsule was thickened and they lay
in 4 mass of ',,Llhm matted lymphatie tissue ; on section a lludlltlt‘..- of
yvellow putty-like material exuded from certain areas.

1. Fijian, aet. 24, Enlarged gland right arm, size of a pigeon’s egg.
No microfilariae in the circulation. Thirteen mlulf- worms removed
from this gland. On section numerous yellow spots were observed
from which, on pressure, caseous material exuded. This was apparently
formed of m-apv-'-'u.ttt-tl ly m|1h Numerous live adult filariae were found
in the medulla as well as in the cortex of the gland. No microfilariae
were found in the gland juice or in microscopical sections. A quantity
of grumous material was found round coiled and, apparently, dormant
filariae in the cortex. No dead or caleified filariae were discovered on
careful dissection. Microscopical sections from two portions of the
gland show the same structure. Great fibrosis, giant-cell formation
and collections of lymphoid cells. There are spaces in the substance
probably representing accessory lymph spaces (vide Pl XXV. 3).
Great numbers of eosinophiles are seen throughout the sections.

2. Fijian, act. 30. Mass of glands, size of pigeon’s egg, removed
at operation. No microfilariae found in the blood. In the peripheral
portions of the gland six complete caleified filariae were seen. Two live
filariae, male and female, were found. On section the same yellow caseons
material m:u{]wl from several puinh No microfilariae were found in
the gland juice. Microscopical sections show great fibrosis of the gland
enclosing spaces full of lymphoeytes, giant-cell formation and again
great numbers of eosinophile cells.

3. A Solomon [slander, act. 30. Enlarged epitrochlear glands, size
of haricot beans, removed from both arms. Numerous microfilariae
with nocturnal periodicity in the blood. On dissection a caleified filaria
was found in one gland, the other was greatly fibrosed. On micro-
scopical section the remains of a caleified filaria were seen in a lymph
space surrounded by fibrous tissue. There was great fibrosis of the gland
substance, only a few collections of lymphoid cells being found. In
other sections l:l. mphatic vessels with greatly thickened walls and lamina
completely blocked by fibroblasts were seen.

4. Fijian, aet. 30. Enlarged epitrochlear glands, each size of a thrush’s
egg, removed after an attack of orchitis and fever. No microfilariae
found in blood. These glands were very tough and fibrous. On dis-
section one caleified filaria was found. Microscopical sections show
masses of lymphoid cells surrounded by fibrous tissue and numbers
of eosinophile cells.

D, Fijian, aect. 34, A matted mass of glands in the right arm removed ;
double hydroceles, but no microfilariae in the blood. The glands were
very adherent to surrounding structures. The afferent and efferent
lymphatics and blood-vessels were large and thickened. On section
the medulla was very fibrous, the cortex much softer and more
adenomatous.  Five L*f;rm]l}(-t{,hf c‘llc]ﬁu{l filariae were found in the
cortical substance. In a space about the size of a hemp seed, containing
putty-like material, a coiled and recently dead filaria was discovered.
The process of calecification had evidently just begun. Disintegrating
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microfilariae were observed in great numbers, together with lymphoeytes,
polymorphs, red blood corpuscles and eosinophile cells. No organisms
were found in the exudate (Pl. XXVI., 1). Plaques of substance staining
pink with eosin are observed in the interior of the worm, representing
probably the commencement of caleification. The head end of another
specimen, in which evidences of caleification are also apparent (Phot. I1X.),
was present in the gland substance, together with portions of a uterine
tube containing ova. Microscopical sections from different portions of the
gland were made. Pl. XXVI., 2, is drawn from such a section. Greatly
fibrosed lymphatic tissue with dilated lymph spaces made up the greater
portion of the gland. A structure representing probably a lymphatic
channel, thelumen of which was almost completely blocked by proliferating
endothelium, is shown in this figure. A great number of eosinophile
cells were noted throughout the section, In another section portions
of a caleified filaria, similar to those shown in Pl. XXV, Fig. 1, were
found surrounded by fibrous tissue. A culture from the lymph of this
gland was made at the operation and remained sterile,

APPENDIX XXIV. (2).

Enlarged groin glands, due to the presence of live or calcified filariae.

1. Solomon [slander, act. 30. Enlarged inguinal glands obtained post-
mortem. Patient had numerous mierofilariae in the blood, exhibiting
no periodicity. The lumbar glands were also enlarged. In sections
portions of a perfect male and female were found. These were the only
filariae discovered. Sections of the female filaria are shown in the plate,
apparently in a dilated lymphatic vessel with greatly thickened walls;
the lumen of the vessel contained lymphocytes, coagulated lymph and
a few microfilariae (Pl. XVIIL.) The surrounding glandular tissue
shows considerable fibrosis.

2. A Fijign, aet, 49. Under observation for nine months. In life
there was a mass of enlarged glands in the right groin,about the size of a
duck’s egg ; this mass was only partially reducible on pressure. Above it
the uhhquo set of glands was enlarged, hard and shotty. He had fre-
:|m=nt]". febrile bronchitic attacks and tubercular signs at the right apex.
No microfilariae were present in the blood : 15 c.c. was abstracted
from the median basilic vein and centrifuged with a negative result ;
slides also were made of the blood four-hourly for twenty-four hours on
several occasions. Lymph was abstracted }_w means of a syringe from
gland puncture and, on centrifuging this, numbers of disearded sheaths of
microfilariae were found. Cultures were made from the lymph on blood
agar and were sterile.

Kight months after the first examination the patient was admitted
again with haemoptysis. Gland puncture was again sterile. One
microfilaria was found in three measured slides of blood and during
the subsequent week they were found almost every time they were
searched for. Just before death the microfilariae disappeared again
from the blood, but were found on two oceasions in considerable numbers
in Ilymph from gland puncture. It was noticeable that they did not
resemble those found in the blood, but had large overlapping sheaths
at the head and tail ; their nuelear structure was undifferentiated and
they resembled those unripe forms found in the uterus of the adult.
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At the post-mortem there were widespread indieations of tuberculosis.
The thoracic duct and receptaculum chyli were searched for filariae,
but none were found. There was a quantity of jelly-like tissue lying
in front of the aorta which, when punctured, exuded clear lymph. A
similar mass of varicose lymphatics accompanied the right common
iliac artery. The mass of enlarged groin glands was dissected out,
together with a thick strand of lymphatic tissue which ran up beneath
Poupart’s ligament to join the dilated lymphatics accompanying the
common iliac artery on the right side. The following glands were dissected :
anterior mediastinal, bronchial, epitrochlear, lumbar, and cervical, also the
lymphatic tissue in front of the aorta and in the portal flﬂhlllt' Une
caleified filaria was found in an enlarged gland lying over the left common
iliac artery, but nothing was found in the gland on the opposite side,
In the right epididymis numbers of caleified filariae, rolled up into hard
yvellow nodules, and a few in the substance of the spermatic cord, were
seen. Numbers were also found in the epididymis on the left side. A
small translucent hydrocele was found situated in front of the left testis.
No microfilariae were found in the fluid, nor any caleified filariae in the
sac walls. Only one microfilaria was found in smears of the spleen
out of a number made from various organs. The enlarged groin gland
on the right side was situated in the centre of a mass of yellow lymphatic
tissue. It was very fibrous and a guantity of clear lymph exuded on
section.  Great numbers of disintegrated caleified filariae were found.
The whole section of the gland appeared studded with them. In the very
centre of the gland a live and complete male and female filaria were
found. No mierofilariae were found in smears of the gland juice nor
in miecroscopic sections.  Microscopic sections of the glands show
interlacing fibrous bands enclosing masses of lymphoid cells and a great
preponderance of eosinophile cells.  Dead and caleified filariae are seen
(Pl. XXV., 2). surrounded by strands of fibrous tissue, and in one
instance a giant cell is seen in close proximity

3. Fijian male, aet. 22 years.® Elephantiasis of the right leg for
five years; enlarged inguinal gland, right side, size of a thrush’s egg.
The right testis was hard and enlarged and there was a small hydrocele.
The left epitrochlear gland was enlarged. A culture on blood agar
was made from the lymph from this gland immediately after removal
and was found to be sterile. The gland, which was fibrous on section,
was found to be studded with caleified filariae, no less than ten being
actually found. Several were found in thickened efferent lymphatic
trunks. Microscopical section shows great fibrosis of the glandular
tissue enclosing areas of lymphoid cells. No mierofilariae were found
in the blood.

4. Fijian, act. 28. Enlarged groin glands on the right side with
slight elephantiasis of the serotum and large hydroceles. The inguinal
gland on the left side was also slightly enlarged. Microfilariae were
found sparingly in the blood, about one per slide. The glandular mass
on the right side could be slightly reduced on pressure. In aspirated
lymph, containing no blood, one small mierofilaria with undifferentiated
nuclear structure was seen. At the operation one large gland about
the size of a hen’s egg was shelled out from a tangled mass of surrounding
vellow lx'luplmtit tissue ; beneath it lay a smaller one, about the
size of a pigeon’s egg. On section the cortex of the gland was strawberry-

* This is the youngest patient with elephantiaszis noted.
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red in colour and clearly demarcated from the vellow fibrous medulla.
Scrapings yielded a milky juice. No microfilariac were found in the
;‘Izmtl juice. In both glands many caleified filariae were found both
in the cortex and in the medulla, but much more numerous in the latter.
In the smaller gland a {l]-]]]lZIlE"h" caleified filaria was found ljlﬂr}k11]g
an efferent hmph.ullf: trunk. and has been figured in an excellent micro-
photograph by Dr. Bell (Phot. X1.). ‘.[1:-|u-wnpml,l sections of several
portions of a caleifying filaria, undergoing disorganization, show in the
interior of the worm I‘lhtnhlqntﬁ eosinophiles and giant-cell formation.
The gland substance shows a remarkable invasion by fibrous tissue.
(P12 XN

5. Fijian, act. 29. Elephantiasis of the serotum ; enlarged inguinal
gland on the left side removed. No microfilariae were found in the
blood. In the right gland there was a discharging sinus which proved
to be tubercular ; it contained but one caleified filaria and numerous
caseating areas, evidently tubercular.  Four months afterwards the man
died, and extensive tuberculosis was revealed at post-mortem. Miero-
scopically the gland had all the characteristics of a tubercular gland,
and tubercle bacilli could be demonstrated in the caseous material.

6. Fijian, aet. 60. Enlarged inguinal glands forming a pro-
minent mass on the right side ; enlarged left testis ; acute synovitis of
the right knee. The mass of 1r|.u|{|:-: could only be h]l}.fl'l’[]‘k’ reduced by
pressure in the recumbent position. Gland puncture yielded I_;rmph
containing one small microfilaria, similar to those hefore deseribed,
and a few sheaths. The lymph uhtdim*tl was sterile on agar. A large
oland, about the size of a small hen’s ege, was removed from a mass of
coiled, matted and thickened lymphaties. On section it prezented
a vellow fibrous medulla and a well-demarcated pink adenomatous
cortex. A drawing was made to scale to show this remarkable difference
(vide Pl. XXVIL.). Three calcified filariae were found in this: two
in the medulla and one in the cortex. The blood contained micro-
filariae sparingly, only one to each measured slide of blood.  No micro-
filariae were noted in the gland juice.

Microscopical sections were made through the adenomatous cortex
and through the medulla. In the former situation clumps of lympho-
cytes were seen enclosed by fibrous strands and dilated lymph and
blood-vessels with thickened walls were frequently encountered. The
remainder of the gland was to a great extent composed of fibrous
tissue, fat cells and dilated blood-vessels. No excess of eosinophiles was
noted in this instance. A large lymphocele formed immediately after
the operation.

7. Fijian, act. 30. Pedunculated groin glands on both sides ; double
hydrocele (Phot. VIL). The glands on the right side constituted a mass
about the size of a man’s fist which could not be reduced. By pal-
pation large hard masses could be made out representing both the vertical
and oblique set of glands on both sides. Similar bodies could also be
distinguished  extending above Poupart’s ligament, representing
probably the enlarged iliac glands. Both epitrochlear glands were
enlarged.. On punecture, clear lymph, sterile on culture, was obtained.
The lymph continued to exude for some time. The blood contained
no microfilariae, though 2 c.c. were abstracted from a vein and centri-
fuged. The mass of pedunculated glands was disseeted out. They
were covered with a layer of cord-like lymphatics and were very vascular.
A cord of the thickness of the index finger could be traced upwards
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beneath Poupart’s ligament, and downwards into Hunter’s canal. The
two largest glands measured 9 em. x 5 em. individually. A drawing
was made actual size (Pl I1.), of the largest. These glands consisted
of a fibrous medulla and a vascular pink adenomatous cortex. A number
of calcified filariae were found in the cortex and in the medulla. Part
of a male and a perfect living female filaria were found in the centre.
No microfilariae were found in the centrifuged gland juice.

Microscopical section shows strands of fibrous tissue dividing the gland
into many small nodules, and also a great excess of eosinophiles.

8. Fijian, act. 45. Enlarged groin glands on both sides ; double
hydrocele, slight elephantiasis of serotum ; enlarged epitrochlear glands
on both sides. Lymph abstracted by puncture contained no micro-
filariae and was sterile on culture on agar. At operation enlarged
glands were dissected out from the mass in the right groin ; round the
gland was a large accumulation of matted and vaseular lymphatic tissue.
No filariae found on dissection of the gland in normal saline. Micro-
filariae were abundant in blood ; averaging, in three slides, thirty-eight
in daytime, twenty at night.

On mieroscopical section the remains of two ecaleified filariae were
seen lying apparently in a lymph space surrounded by greatly thickened
and fibrosed walls (vide Pl. XXV., Fig. 1). dant cells were observed
in this area. A great number of eosinophile cells seen in the gland
substance. The lymphatic tissue of the gland is almost whoelly replaced
by fibrous tissue.

8. Fifian male, ael. about 20, Enlarged hard and movable obligue
inguinal glands in left groin. No pelvie glands could be palpated.
Slightly enlarged glands in the right groin. The epitrochlear gland on
the right side was enlarged. Glands in left groin were aspirated ;
no microfilariae found in the lymph which was sterile on culture on agar,
1 c.e. of blood, extracted from cephalic vein into citrate solution, was
centrifuged, but no microfilariae were found. On section the glands
were tough and fibrous in the centre, but had a distinet adenomatous
cortex. Gland juice contained no microfilariae. Several pieces of
calcified filariae were found in the vellow fibrous tissue in the medulla
of the gland. In the cortex a complete living male and female filaria
were found, together with part of another female.

Microscopical sections of the gland show areas of Ilymphoid cells
enclosed by bands of fibrous tissue and a marked excess of eosinophile
cells.

10,  Fijian male, act. 20, Enlarged inguinal glands both groins.
Enlarged left testis and epididymis. Abscess scar in the left groin ;
markedly enlarged glands underneath it. Pelvie glands not palpable.
No microfilariae found in slides of the blood. Enlarged glands from
both groins removed at operation. One on the left side was found to
be adherent to the skin beneath the abscess mark. On dissection one
small caleified filaria found in an area containing some caseous material.
Cultures on agar made from the glands by aspiration after removal were
sterile.  No caleified filariae were found in the gland on the right side,
No microfilariae were found in the gland juice. Smears made of the
caseous material showed a preponderance of eosinophile cells, but no
tubercle bacilli or other organisms.

Microscopical seetions of the gland show fibroblasts extending between
groups of lymphoid cells, but not to such a marked degree as noted in
sections aforementioned. A great number of eosinophile cells was noted.
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11.  Fijian, act. 25. A mass of irreducible pedunculated groin glands
on the left side, size of a duck’s egg. Obligue set of inguinal glands
enlarged on both sides, hard and H}luttv No obvious enlargement of
pelvic glands noted. There was an abscess scar in the left groin, situated
over the mass. Testes were normal. No miecrofilariae in the blood. The
pedunculated mass was removed at operation and found extending
as a solid cord, the thickness of the index finger, underneath Poupart’s
ligament into the abdomen and down into Hunter's canal. A mass
of matted lymphatic vessels surrounded the enlarged gland, and it was
firmly adherent to surrounding stroctures. The gland, on section, was
very tough and fibrous. There were a number of small areas containing
caseous matter of which smears were made and found to consist to a
great extent of lymphoeytes and eosinophile cells. No living or ecal-
cified filariae were found (the gland had been preserved in formalin,
thus making dissection a difficult task). A culture on agar, made from
the lymph aspirated at the time of removal, proved sterile.

Microscopical sections show islands of lymphoid cells surrounded
by bands of fibrous tissue and a great excess of eosinophile cells.

In addition to these cases the large irreducible mass of glands figured
in Phot. VIII. was investigated. The individual glands which could be
felt in the midst of an indefinite doughy w-;llmg measured over three
inches in length. No enlarged glands could be felt in the pelvis. Lymph
was abstrac le by means of a syringe and remained sterile on culture.
No microfilariae were found in the lymph ; there were none in the blood.

Only one case corresponding to the recognized deseriptions of varicose
groin glands was seen. This was in a Fijian male, aef. 28, who had a
swelling in the left groin which could be reduced in the recumbent
|m=-:itim:| On palpation small shotty glands could be distinguished
in the interior of the swelling. On puncture elear lymph continued to
ooze out for some time. No microfilariac were found in this exudate
or in the blood.

APPENDIX XXV.

Fijian, aef. 21. This man was under constant observation for
ten months and was watched through three such attacks. Being my
cook, I had every opportunity for making observations. The micro-
filariae were not very numerous in the blood-stream and remained
remarkably constant throughout the whole time. Thus, in :—

April, 1910 Average of 3 slides 8 per 16 ¢. mm.
June, 1910 L | s 2:3 =
August, 1910 + S 5 2
September, 1910 s S 3 e
October, 1910 - 3 1 =

33 33 3 53 3 1

¥ 3] 3 L 3 LH]
December, 1910 i B 3 s
February, 1911 0 R LA 6 -

Previous to these observations he had had three attacks of adenitis
in the left groin ; these glands were distinctly enlarged.
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First attack while under observation : April, 1910. Sudden rigors
which continued all the night, together with intense pain in glands of
left groin. The right testis was enlarged and painful ; epididymis hard
and painful and acutely tender on palpation. The temperature in the
left groin was a degree higher than in the corresponding axilla (vide
chart), Leucocytes 13,000, eosinophiles 0 per cent. (his eosinophilia
previous to the attacks ascertained to be 5 per cent.). Eyes were blood-
shot. The patient complained of headache, and he had vomited twice.
Inguinal glands were punctured ; this lymph on culture on blood agar
proved sterile. In two days the temperature became normal and the
right testis regained its normal size. The man remained in perfect
general health till“September, although from time to time small painful
red swellings appeared in various parts of his body.

Second atrack : He went to bed perfectly well, had a sadden rigor,
attended with pain in his left testis. Temperature was 100-8° I, in
left groin and axilla. The left testis was retracted, swollen and intensely
painful ; the epididymis was enlarged. Pulse was 108 and dierotic.
His eyes were bloodshot. Leucocytes 18,000, eosinophiles 1 per cent.
The inguinal glands on the affected side were not enlarged or painful.
The next day his temperature in left axilla was normal, in left groin
99° F. At mid-day he had another rigor and intense pain in the other,
the right testis, which became swollen and retracted. He complained
of pain in his back and a definite circumseribed lump could be felt in
the substance of the left spermatic cord. A small cireumseribed trans-
lucent swelling appeared in the tunica vaginalis in front of the right
testis ; it had developed in twenty-four hours.  This swelling was aspirated
and 2 c.c. of turbid straw-coloured fluid was obtained. Two cultures
were made on blood agar and remained sterile. The fluid was seen to
be packed with corpuscles, mostly polymorphs, with a few lymphocytes
and mononuclears and a few red blood corpuscles. It was swarming
with active microfilariae. They were more abundant than in the blood-
stream. DMeasured guantities (16 ¢. mm.) were found to contain a very
variable number, from two to thirty-seven in each slide. Several micro-
filariae were seen to be dead and undergoing granular degeneration.
Several were sheathless and empty sheaths were seen. The fluid did
not coagulate on standing and deposited a thick layer of pus cells. Ringed
preparations of microfilariae from the blood and those in purulent fluid
were kept under the same conditions at room temperature. Those n
the blood lived thirty-six hours, those in the purulent fluid died almost
immediately. This swelling disappeared in a few days. The corre-
sponding testis was explored with a syringe, but no microfilariae could
be abstracted.

Third attack : Towards the end of the same month, when I examined
him, he was perfectly normal, at 5.45 p.m.; at 6.30 p.m. he had a rigor
and the right testis became swollen and acutely tender. Pain was
referred to the right spermatic cord and to the right side of the abdomen.
A Huid swelling could again be made out in the same situation as before.
This was aspirated and 9 e.c. of a custard-like fluid with a reddish tinge
obtained. The pus cells at first consisted for the most part of
lymphoeytes, red cells,* and a very few polymorphs. Measured
slides of this purulent fluid contained on an average five to thirteen

* These red colls may have escaped by diapedesizs owing to the intensity of the
inflammatory process.  Special eare was taken that no blood entered the syringe on
puncture,



microfilariae per 16 c. mm. The temperature fell to normal and the
right testis became reduced to normal size. On September 28th the
swelling in front of it was again punctured and 6 c.c. of purulent fluid
withdrawn. Polymorph cells were now found in profusion ; cultures
remained sterile.  Microfilariae were still present in the ﬂuu_l, but in
nothing like the former numbers. Measured slides showed an average of
from three to six microfilariae per 16 c. mm. The fluid was clearer than
two days before. It was neutral to litmus and became solid on heating.
The lencocytes now numbered 7.100 and eosinophiles 5 per cent. For
some time after this he complained of constant pain in both testes. A
fortnight later all signs of the swelling had disappeared.

A few days before T left Fiji (February 1911), the patient was again
examined. The right testis remained the same size as at the commence-
ment of observations and was apparently normal.  In front of the left, on
the other hand, there was a translucent hydrocele the size of a pigeon’s
ege.  With a syringe a quantity of straw-coloured fluid was aspirated
which contained live microfilariae, but so sparsely that they could not be
estimated correctly in measured guantities of fluid. The fluid con-
tained numerous lvmphoeytes, a few red blood corpuscles, very few
polymorphs and eosinophiles.

Lymphangitis of forearm. No microfilariae in blood.

Fijian male, aes, 18. Sudden rigor. Temperature 101° F. Right
forearm was distinetly larger than left, measuring one inch more in
ircumference.  Enlargement of right l']lll]i:l]lll":l-l gland. Leucocytes
11,000, eosinophiles 11 per cent. \n microfilariae were found in blood,
t]'l{:Il:IlL]l 1 c.e. was abstracted into citrate solution and c.{-.ulniugi'll.
Clear fluid aspirated from arm ; cultures on blood agar remained sterile.

APPENDIX XXVI. (a).

Filarial fever.

Case 1. Vide also under-Appendix X., Case 7.

2. Fijian female, acf. 20. Seen in the morning at 10 a.m., and was
]]-Ptlil-:th normal. An hour later had a rigor and temperature :Jf 102° F.
No external signs and no microfilariae in blood-stream. Leucocytes
numbered 18,000, and eosinophiles 2 per cent The next morning her
temperature was normal; lencocytes numbered 7 400, and eosinophiles
a2 per cent.

3. Fijian male, acf. 24, Sudden rigor. Temperature 1034°F.
No external signs; =kin hot and dry. A few hours later temperature
was 100°6° F. ; leucoeytes 14,300, and eosinophiles 2 per cent. The
next morning the temperature was normal again ; leucoeytes numbered
10,000, and eosinophiles 8 per cent. No microfilariae were found in the
blood-stream.

4. Fijian wmale, act. 25. Large left hydrocele ; right testis
normal ; enlarged glands both groins. Sudden rigor ; temperature
102° F. No external signs of acute lymphangitis. No microfilariae
found in blood-stream. Leucocytes 9,600, eosinophiles 1-3 per cent. Two
days later the temperature was normal, leucocytes numbered 7,800,
eosinophiles 7 per cent.
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5. Fijian male, aet. 30. Sudden rigor. Temperature 104-58° F.
No external clinical signs. Microfilariae fairly abundant in eirculation,
averaging from two to fifteen per measured gquantity of blood. Leunco-
cytes numbered 21,800; no eosinophiles were found in 300 white cells
counted, In three days the temperature became normal. No diminution
in the number of microfilariae was noted.

6. Fijian male, act. 40. Sudden rigor; violent abdominal pain ;
temperature 101° F. ; respirations rapid. Left hydrocele ; thickening of
both spermatic cords ; slight enlargement of groin glands on both sides.
Lower part of abdomen intensely tender and resonant; palpation
impossible. No mierofilariae found in  blood. Leucocytes 14,800,
eosinophiles 4 per cent. Two days after original attack, temperature
became normal, but abdomen still very tender in pelvic region. When
palpation became possible nothing abnormal could be detected. His
lencoeytes then were 8,000, and eosinophiles 10 per cent.

N.B.—Signs of bronchitis were noticed in every one of these cases
when the fever was at its height.

APPENDIX XXVI. (b).

Post-mortemn examination.

Fijian male, aet. 60. The subject of frequent attacks of filarial fever.

The body was that of a well-nourished man who was found dead in
his cutter in Suva Harbour. It was still warm when the post-mortem
was commenced. The presence of unchewed food in the mouth indicated
that death must have been very sudden.

Enlarged cervical glands formed a prominent mass on the left side
of the neck.

Thorax —There were old adhesions at the apices of either lung ; the
bronchi were full of aspirated food ; the lungs congested and oedematous
at the base. The bronchial glands were enlarged. There was a quantity
of pericardial fat, and the walls of all the chambers of the heart were
distended and flabby. Slight atheroma of the root of the aorta was
present. All the valves were healthy.

Abdomen.—The intestines were healthy. Three ankylostomes were
found in the jejunum ; there were a few superficial ulcerations in the
sigmoid. The spleen was small and difluent. The liver weighed 74
ozs., and was friable and fatty on section. The kidneys were congested
with dark blood. The cortex of both was much diminished, and there
were some granulations on the surface of the right. The prostate was
enlarged.  The right testis was tough and large. On section the
epididymis was seen to be composed mostly of fibrous tissue from which
yellow putty-like material exuded on pressure. In smears of this great
numbers of disintegrating mierofilariae were found. (The majority
were sheathless and they stained indifferently, the nueclear structure
being ill-defined.) A great many empty sheaths were seen. They
resembled the microfilariae found in an epitrochlear gland—see PL.
XXVI. No tubercle bacilli or cocei could be demonstrated in this
material. Two caleified filariae were found in the epididymis. There
was no hydrocele,
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Microscopical sections of the epididymis are most interesting.
Portions of a female filaria can be seen in a space surrounding poly-
morphonuclear cells, lymphoeytes and eosinophiles, and amongst these
microfilariae and ova ean be recognized (Pl. XXIX.). The remaining
structure is formed almost entirely of fibrous tissue; no vasa efferentia
can be made ont. A noticeable fact is the number of eosinophile cells
in the surrounding tissue.

The following lymphatic glands were found to be markedly enlarged :—
The inguinal, the external and internal iliac, the lumbar (some of which
were 11 inches in length), all the mesenteric, the bronchial and the
superficial cervical. In the internal iliac, lnmbar and mesenteric, macro-
scopie changes were noted on section. The centre of each was oceupied
by round and oval areas composed of the same vellow, friable, putty-like
material as noted in the epididymis. Calcified filariae were found in
the lumbar. bronchial, mesenteric, superficial cervical and epitrochlear
glands. They were especially numerous in the bronchial group. The
Ivmphatics accompanying the spermatic vein were thickened, forming
a prominent cord. The thoracic duet was searched for, but not found.

All the matted lyvmphatic tissue in the posterior part of the abdomen
and the mesentery was teased out in normal saline solution, but no live
adult worms were found. In the thorax the lymphatic tissue in the
posterior mediastinum was treated in a similar manner.

Microscopical sections of the glands are of great interest.

(1). Section of inguinal gland shows more or less normal structure,
but considerable fibrosis of the capsule and trabeculae.

(2). Internal iliac gland shows round masses of lymphocytes enclosed
in fibrous tissue, and a great preponderance of eosinophile cells.

(3). Internal iliae gland No. 2 shows even more pronounced fibrosis
and stenosed lymphatic vessels.

(4). Lumbar gland No. 1 (Pl. XXVIII., 2) shows little glandular strue-
ture remaining ; it is composed principally of ramifying bands of hyaline
fibrous tissue enclosing giant cells and stenosed lymphatic vessels. The
giant cells are of great size, and the nuclei are large and arranged for the
most part round the periphery of the cell. No tubercle bacilli or cocci
can be made out by appropriate stains. Although 1 do not mention
it each time, in the case of every section in which giant cells were found,
the tissue was stained and searched for tubercle bacilli.

(5). Lumbar gland No. 2 similar to the last.

(6). Lumbar gland No. 3 shows large round homogeneous areas stained
faintly pink with eosin, in which a few lymphoecytes and fibroblasts
can be distinguished.

(Tand 8). Lumbar glands Nos. 4 and 5 show exactly similar structure
to the preceding.

(9). Mesenteric gland (Pl. XXVIIL.) shows large areas of hyaline
material (probably stagnated lymph), but no giant cells.

(10). A section of a caleified filaria (decaleified by Von Ebner’s solution),
from the same gland, shows the worm enclosed in dense concentric rings
of fibrous tissue in which the details of the structure of a filaria can
still be recognized.

(11). Bronchial gland shows great fibrosis of the glandular tissue
smrtounding a caleified filaria. The fibrous strands enclose in their
meshes lymphocytes and endothelial cells filled with pigment.

(12). Epitrochlear gland shows considerable fibrosis; enlarged lymph
vessels with thickened walls containing in many cases caagu]ated lymph.
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Sections of liver show marked signs of venous engorgement and fatty
degeneration of the liver cells.

Spleen engorged with blood in which a number of polymorphs can
be distinguished. No organisms found when stained by Weigert’s
method or by methylene blue.

Pancreas also enfrnrgl:ﬂ Fatty infiltration of glandular substance.

Kidneys, venous engorgement. Degeneration of lining cells of the
urinary tubules. Lumen filled with coagulated material.

Lungs, marked signs of back pressure and fibrosis. The interalveolar
capillaries are eug(}rgoﬂ and in some cases blood is extravasated into
the alveali.

. The brain was engorged and oedematous. There were no haemorrhages.

Four smears each were taken from the heart’s blood, lllllhh, liver,
spleen, panereas and kidney, but no microfilariae were found in any of
them.

Smears of various glands were stained for pyogenic organisms, but
none could be found.

APPENDIX XXVII.

Details of cases of septic infection following on inflammation of
probable filarial origin.

1. A Solomon [slander, male, act. 22. Two years resident in Fiji;
admitted in rigor, with a temperature of 102° F., complaining of
pain in glands of left groin and in the lnmbar region. The glands of
left groin were definitely enlarged, hard and tender. The spermatic
cord of left side thicker than on right and painful on palpation. Definite
masses could be made out in left iliac fossa. Spleen enlarged 1} inches
below the costal margin (from old-standing malaria).  White cells
15,000, reds 4,500,000, eosinophiles 2 per cent.  Blood, no microfilariae.
The enlarged and hard iliac glands situated above Poupart’s ligament
(external iliac glands) were punctured. Lymph from these glands
remained sterile on culture. The temperature remained raised for
three weeks ; the pelvie glands continued tender on deep palpation
and there was definite pain on flexing and extending hip-joint. Two
and a half months later, he was readmitted with hard and painful iliac
glands and pain referred to hip-joint on left side. The external iliac
glands were larger than before and were hard and tender. An indefinite
mass could be felt in left iliac fossa. Great pain was experienced on
flexing and rotating hip-joint on that side. There was slight flattening
of left gluteus maximus, but no shortening of the femur could be made
out. The temperature was still raised to 99° F. at night. The blood
contained no microfilariae. The white cells numbered 10,600 per ¢. mm.,
and the red cells as before; eosinophiles 7 per cent. The glandular
mass above Poupart’s ligament was seared and punctured ; the fluid
obtained contained polymorph, lymphoeyte and eosinophile cells, and
on culture grew Staphylococcus pyogenes albus.

The symptoms referred to the hip-joint grew worse and the patient
lay now with hip flexed and rotated outwards. He was operated on;
two hard and enlarged glands were dissected out from behind the
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peritoneum. On section a number of cheesy areas were found scattered
throughout the substance. Two cultures were made from the gland
substance abstracted by means of a sterile syringe and grmv pure culture
of Staphylococcus albus.

In smears of the cheesy material no tubercle bacilli, cocei, or miero-
filariae could be demonstrated, but the uterus of an adult filaria containing
ova and microfilariae was found (Pl XXXII., 2). Sections were made
through different parts of the gland substance and revealed fibrosis and
giant-cell formation. The giant cells, which are of great size, were situated
in a homogeneous area, composed of fibroblasts and hyaline substance,
in. which by repeated staining by Ziehl-Neelsen method no tobercle
bacilli could be demonstrated.  The surrounding tissue was packed with
inflammatory cells and lymphoeytes (Pl. XXXII., 1).

Three hours after operation the patient had a rigor with a temperature
of 104° F., but the wound healed by first intention, the pain in the hip-
joint disappeared, and the patient walked out of the hospital without a
limp, two weeks after the operation.

2. A Solomon [slander, male, act. 30. Three years in Fiji; admitted
for constant pain in glands of left groin and hip-joint. Temperature
of a hectic type, 100-103° F. at night. There was a large swollen mass
of matted glands in the left groin, hot and tender to the touch. An
indefinite swelling could be made out on deep palpation in the left iliac
fossa. Testes were normal. Blood contained no microfilariae.  CGlands
were punctured, but no mierofilariae found in gland juice. Aspirated fluid
on culture grew Staphylococeus pyogenes albus and on a second occasion
Staphylococens pyogenes albirs and awrews.  Leucoeytes 10,000 ; eosino-
philes 4 per cent.

A fortnight after admission the symptoms became more definitely located
to the hip-joint. At the operation an incision between the hamstring
and adductor muscles was made, and a quantity of dark green pus escaped
with great force. About two pints were evacuated which on culture
xw]zlul pure growth of Staphylococcus pyogenes albus. On examination
tracks were found leading into hamstring muscles and up to the ramus
of the pubes, which was laid bare and necrosed. The whole capsule
of the hip-joint was destroyed and bare bone could be felt on the neck
of the femur. Smears of pus showed numerous staphylococei. A tube
was inserted, drainage was free, and the wound soon healed., Seventeen
days after the operation the patient was walking about with a joint
fl([‘h movable in every direction and painless. Blood examination
gave the white cells as 5,200 per ¢. mm., and eosinophiles 10 per cent.
No microfilariae were found.

3. A European, male, aet 29. Three years resident in Fiji; ad-
mitted with inflamed glands in left groin. Three weeks previously hml
a large abscess in substance of right gastrocnemius muscle. He was
ll]mht{ to sleep at night on account of pain in left groin. An in:ieﬁnitc
tender mass could be palpated in left iliac fossa. Temperature of hectic
type up to 102° . at night. Patient was emaciated and septic in
appearance. No microfilariae were found in blood. Leucocytes 11,250
per ¢. mm., red cells 3,350,000, eosinophiles 7 per cent. Stools contained
no ova. On puncture of an inguinal gland one sheath of a microfilaria
was found and on culture the gland juice grew Staphylococcus pyogenes
albus, Testes were normal. During the week after admission the
symptoms became definitely located to the hip-joint, and the inflam-
matory mass in left iliac fossa more apparent. Thigh remained flexed
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and everted. The patient was unable to extend it on account of pain.
The internal saphena vein now became thrombosed and formed a definite,
hard, moveable cord.

At operation an incision was made above the anterior superior spine
and a mass of infiltrated tissue was found lving behind the peritoneum.
Thiz was carefully dissected away and a loculus was discovered con-
taining thin purulent fluid. The finger was introduced and a matted
mass of pelvie glands found, leading downwards to the pelvis. Culture
made from the Huid grew Staphylococeus pyogenes aureus in pure eulture.
The thickened tissue round the dorsum ilii was explored and similar
fluid obtained, and also from the hip-joint. The wound was drained
and the patient did well, leaving the hospital after an illness of four
months. On discharge there remained a small sinus discharging clear
fluid. All the movements of the hip-joint were free, easy and painless,
No shortening could be made out. The left thigh was wasted and
measured half inch less than the right. There was still some thickening
in the left iliac fossa. Seven months after the original illness he was
examined again. He was in perfect health and all the pelvie thickening
had disappeared.

4. A4 Fijian male, ael. 21. In hospital with abscess in left groin
invading the hip-joint, which, after discharging for two months, left
him with a ankylosed hip ; there was a simultaneous attack of orchitis,
and he had a small hydrocele on the left side. The whole of the left
leg was considerably wasted, being 21 inches less in circumference in the
middle of the thigh than the opposite member. There was abzorption
of the neck of the femur, measurements being § inch less on the left than
on the right side. Blood contained great numbers of microfilariae,
averaging from forty to ninety per 16 c. mm. (Appendix X1, Chart VIIL.).
When seen, five months after discharge, he was able to walk leaning on
a bamboo pole. The sinus had quite healed.

AFPENDIX XXVIII.

Cultures of lymph from elephantoid tissue.

Culture medinm.

(1). Lymph from enlarged groin gland Agar After 48 hours
and from elephantiasis of serotum, incubation.
removed at operation. +, sterile

(2). Lymph from elephantiasis of
serotum, n -

(). Lymph from elephantiasis of arm. % i

(4). Lymph from elephantiasis of arm. Blood agar iy

(). Lymph from elephantiasis of arm. s =

(6). Lymph from elephantiasis of arm. Agar oo

(7). Lymph from elephantiasis of arm.

(8). I]j'mph from elephantiasis of left ” s
cg' El L]
(9). Lymph from elephantiasis of ’
serotum and from enlarged groin
glands. i »
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APPENDIX XXIX.

Details of three cases of elephantiasis in Europeans.

1. F.&., trader, aef.66. Resident forty-six years in Fiji; after twenty-
six years' residence came to live in Lakemba (the most heavily infected
island in the group). There he suffered from enlargement of both arms
which he stated afterwards disappeared. Hydroceles developed and
were tapped. His left leg began to swell painlessly ; the right followed.
He is positive that ke never suffered from lymphangitis. He had an
abscess in the right calf 13 years ago.

Both testes were found to be slightly enlarged, and there was slight
thickening of the scrotum, also elephantiasis of both legs below the
knee. The flexure at the ankle was obliterated, the swelling being con-
tinued on to the dorsum of the foot as far as the toes. There was no
enlargement of the groin glands. Both epitrochlear glands were
enlarged. No microfilariae were found in the blood.

2. Mrs. F., aet, 50, Resident in Fiji thirty-seven years. Suffered
from elephantiasis of left leg, and recurring attacks of lymphangitis,
which proved very troublesome. These attacks began after five years’
residence, and recurred about three or four times every year. She
described the attacks as coming on suddenly with a rigor; the glands
of the groin became enlarged and very tender ; red streaks appeared
extending from knee to ankle. The left leg, the one always affected,
gradually began to get larger. The patient was positive that the leg
alicays became larger with each altack of Iymphangitis and subsided again.
The fever lasted generally three days and she was generally unable to
get about again for a week. After her last two confinements she had
had trouble in the affected leg owing to thrombosis. On examination
the left leg was 1} inches larger in circumference than the right. The
skin was rough and discoloured. The flexure of the ankle was obliterated
and there was a puffy swelling on the dorsum of the foot which pitted
slightly on pressure. There were localized thickened areas of skin
situated in front of the tibia,just below the knee. Both sets of groin
glands were enlarged. The patient was positive that when away from
Fiji she mnever suffered from lymphangitis. She spent three years in
New Zealand and never had an attack there. I saw the patient once
during an attack of fever; this was preceded by a rigor. The groin
glands were very tender and were more enlarged than on the previous
examination. The skin below the knee was intensely red, hot and tender ;
her temperature was 101° F. Leucoeytes 13,000, eozinophiles 1 per cent.
Her normal eosinophilia was afterwards determined to be 4 per cent.
No microfilariae were ever found in the blood.

3. H. B., aplanter, aet. 53. Resident in Fiji thirteen years. Began
to get attacks of lymphangitis after three months residence. First had
attacks in his left arm, then attacks of orchitis. Lymphangitis in both
legs supervened and glands in both groins became enlarged. In the
last five years both legs had swollen up after each attack. The attacks
were now frequent and were ushered in by rigors, the glands in the popli-
teal space enlarging ; red streaks which eourse down to the internal
malleolus may or may not appear. On examination he had marked
elephantiasis of both legs below the knee, the calf and flexure of ankle
were obliterated, the skin thickened and rough. There was a marked
swelling on the dorsum of the foot, which did not extend quite to the
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toes. The glands of both groins were enlarged and hard ; both testes
were enlarged, but there were no hydroceles. No mierofilariae were
found in the blood.

(4)—Details of four cases of filarial disease in Europeans; with
special reference to length of residence in Fiji before the
appearance of symptoms.

a. A. B, a trader, act. 43. Hixtwu years’ residence in Colony; had
no symptoms of filariasis until a few months before observations com-
menced. Then a circular and thickened red patch appeared about
half-way up the right upper arm on the inner side. At first it was painful,
but a week before the case came under observation he had rigors and a
typical attack of filarial lymphangitis.  Besides this, there was a small
tender eyst-like structure situated immediately over the cephalic vein
on the flexor surface of the same arm. The red patch disappeared
in about a week and only a thickening remained. About 34
microfilariae were found per slide, and his eosinophilia was 8 per cent.

B. A. M. H. male, act. 27. In Fiji one and a quarter years, during
which time he had orchitis, accompanied by adenitis of groin glands,
twice. The “epitrochlear gland in his right arm was enlarged and a
similar condition was noted in the glands of both groins. No micro-
filariae were found in his blood. His eosinophilia was 8 per cent.

c. T.8. male,aet, 33, storekeeper. Ten years in Fiji and three years
in a highly infected district (Loma-Loma). After one and a half year's
residence there he had an attack of orchitis in left tfestis and was laid
up for ten days. A second attack of orchitis occurred three weeks before
my observations were made. Left testis and the glands of both groins
were swollen and painful. Six weeks before observations commenced
he had an attack of lymphangitis in right arm, apparently starting
from the epitrochlear gland which became enlarged and painful. The
whole forearm became swollen, red streaks of lymphangitis were noticed ;
axillary glands were enlarged. No microfilariae were found in the blood.
His eosinophilia was 6 per cent.

D. N. ., male, act. 77, trader. Fifty-two years in Fiji. First attack
of lymphangitis in right arm oceurred after twenty-four years’ residence ;
did not have another attack till fourteen years ago, when the same
situation was similarly affected. Then his left LIIE'I,"' joint suddenly
became swollen and at the same time an abscess in his left groin
developed. Being unable to obtain medical attendance, the abscess
in his knee-joint burst into the left popliteal space and left him with
complete ankylosis and his knee became bent at a right angle. Three
years ago he had an attack of lymphangitis in his left leg.  On examination
his knee- -joint was found to be completely whylm&:l there was a great
thickening and the patella was adherent to the femoral facet. No
microfilariae were found in the blood. An eosinophilia of 5 per cent.
was present. The groin glands were not markedly enlarged.

(s)—Lymphatic cedema secondary to axillary abscess ; Staphylococcic
infection of lymph ; Microfilariae in blood.
Fijian male, aet. 55. Admitted with marked swelling of left arm,

extending from the first interphalangeal joints of the fingers to the elbow,
The circumference of the affected arm was two inches greater at the

N 2
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elbow and one inch at the wrist than that of the right side. His temperature
was 104° F. There was a large axillary abscess and on opening this the
temperature became normal. The oedema of the arm persisted. The
skin pitted easily on pressure and guantities of fluid could be withdrawn
from the connective tissue by means of a syringe ; this fluid on blood
agar grew Staphylococcus piyogenes alhus.  Microfilariae were found
in the blood and their sheaths in the lymph from the arm. The swelling
now began to subside gradually and a fortnight later it had t1l‘1ﬂ.'|]]2l{‘u.-l'("d
Three months later he was seen again and the arm found to be quite
normal. The microfilariae still persisted in the circulation and were
equally numerous.

AFPPENDIX XXX.

Details of minute dissections of five scrota removed at operation.

1. Fijian male, acf. 35. No microfilariae found in blood. Serotum
weighed thirty pounds. A layer of thick tissue was found, about two inches
thick and cutting like an unripe pear, beneath the skin.  In the lower part
of the scrotum this indurated tissue was about four inches thick. Sur-
rounding the testes was a blubbery mass in which dilated and thickened
lymphatics and wveins could be seen. The Ilymph which exuded
coagulated almost immediately. The whole mass was dissected up
after operation. A cheesy mass about the size of a walnut was found;
serapings of this showed large numbers of eosinophile cells. Micro-
seopical sections of the thickened integument show numerous bundles
of dartos muscle, connective tissue swollen with lymph, collections
of lymphocytes, dilated blood-vessels and numerous dilated lymph-
vessels.  Stained by Weigert's stain the connective tissue fibres show
up very plainly. In sections through the blubbery pulllun large masses
of ly mlhhmtl cells are seen amid IH-L][II{" connective-tissne [I]!Il“{

2. Fijian male, ael. 40. No microfilariae found m blood. Serotum
weighed eight pounds. In the lower portion the tissue was of
the consistency of an unripe pear and measured three-quarters of an
inch in thickness. HRound the testes was a diffuse blubbery mass, con-
taining enlarged wveins and thickened lymphatics. The Ixmph which
z-\.ul'lml from the amputated scrotum coagulated almost immediately,
Several small yellow areas were found in the substance, containing putty-
like material. Sections of the tissues in the main resemble those of
the foregoing cases.

3. Fijian male, aet. 29. No microfilarae in blood. Serotum weighed
four pounds. The firm integumental tissue was about three quarters
of an inch thick, being thickest at the lower part of serotum. Large
amount of hluhlwry tissne was situated around the testes and spermadic
cords. The lymph which exuded coagulated almost immediately.
A number of yellow areas varying in size from a shilling piece to a hemp-
seed were found scattered through the substance mni.umu:r the putty-like
material ; smears made of tlus show no tubercle or uilwr baeilli, but
great numbers of eosinophile cells. The groin glands on the left side
removed at the same time showed caseous areas which on section proved
to be tubereular. Caleified filariae were found in them. Sections were
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made through three of the putty-like masses described above ; two
of these show marked giant-cell formation, surrounded by inflammatory
cells and fibrous tissue. In the third, the remains of a dead filaria sur-
rounded by strands of peculiar hyaline connective fissue were discovered,
A drawing is given of this (Pl. XXXIII.) Sections of the thickened
integumental tissue show dilated blood and lymph spaces, bundles of
dartos musele and hyaline connective tissue swollen with lymph. In
sections of the blubbery tissue quantities of coagulated lymph, large
lymph spaces and dilated blood-vessels are seen.

After the operation the groin glands on the right side broke down
and discharged tubereular pus ; a perineal abscess of tubercular origin
formed and there were marked signs of pulmonary tuberculosis. Some
months later this patient died. -

The walue of the post-mortem was somewhat detracted from by
extensive tuberculosis. The body was very emaciated. There were
dense adhesions between the lobes of both lungs and hetween both layers
of the pleura. The substance of the lungs was packed with caseating
tubercular foci and miliary tubercles. There was a large amount of
ascites due to tubercular peritonitis and a tubercular perforation of
the caccum. The surface of the liver was studded with miliary tubercles,
and there wére caseating tubercles in the substance. The spleen was
packed with tubercles and the intestinal mucosa covered with tubercular
ulecers. The iliac and lumbar glands were enlarged. and contained
caseating tubercular foci. The lymphatic tissue lying in front and on
each side of the abdominal aorta and iliac vessels was in a varicose con-
dition and when punctured exuded clear lymph. The thoracic duct
was not found. The lymphatics accompanying the spermatic arteries
were thickened, but not varicose. Both testes were enlarged. They
were tough and fibrous and the epididymis was converted into a mass of
fibrous tissue. No caleified filariae or their remains were found.

4. Fijian male, act. 60. Microfilariae found sparingly in blood.
Serotum weighed  eight pounds when removed. The integumental
layer was for the most part firm and of the consistency of an unripe
pear. The central blubbery mass contained quantities of lymph which
coagulated immediately. Blubher-like tissue was found surrounding
the testes which were hard and enlarged ;: the spermatic cords were
thickened and nodular. A number of circular areas containing vellow,
putty-like material were found ; smears of this substance show numbers
of polymorphonuclear cells, and a portion of a wterus of a dead filarin
containing ova could be recognised. Microscopical sections of the
integumental tissue show numerons bundles of dartos muscle, connective
tissue swollen with lymph, dilated lymph spaces and blood-vessels, and
collections of lymphocytes.

9. Fijian male, aet. 4. No microfilariae found in blood. The
scrotum weighed eight pounds. A large ulceration at the base com-
municated with an abscess cavity in the right epididymis. The whole
of the elephantoid tissue which was of the consistency of an unripe
pear was dissected ; the central blubbery tissue was found, as in other
cages. Sections show large bundles of dartos muscle, connective tissue
wollen with !}'Illph: dilated Iymph spaces and collections of lymphoeytes.
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APPENDIX XXXI.
Experiments with microfilariae in different sera and solutions.

Technique. Live microfilariae were obtained in great numbers for
experimental purposes as follows :—The same patient (Tiveta, Appendix
XI., Chart IL) was used throughout. The skin over the median
basilic vein was cleansed with ether and alecohol and perchloride solution
(1-1000). A le.c. syringe sterilized and containing !th c.c. of 1 per
cent. citrate solution was inserted into the vein, and {ths c.c. of blood
aspirated. The blood so obtained was ejected into a centrifuge tube,
previously sterilized, containing more sterilized citrate solution. This
tube was then centrifuged. When all the red corpuscles had been
thrown down, the Il'l-ll}l{’!ﬂlm"itlﬂ were found coiled up and adhering to
one another in the * buffy 7 layer. Measured quantities of these were
pipetted off with a sterilized Thoma-Zeiss pipette and placed in definite
quantities of different solutions and sera in sterilized welled slides.

Experiment 1. Room temperature.

1. Microfilariae + serum of patient from whom microfilariae were
obtained. Dilution of serum with normal saline 1 in 3. Lived three days.

2. Microfilariae + serum of patient in an attack of filarial fever
(temperature 102%). Equal parts of solution containing mierofilariae
and serum. Lived nine days.

3. Microfilariae -+ serum of a pgatient (Henry) immediately before
third attack of orchitis. Lived three days.

4. Microfilariae -+ serum of same patient (Henry) immediately after
third attack of orchitis. Lived seven days. :

5. Microfilariae lived in the citrate solution in which they were
abstracted three days. E

Experiment 2. Room temperature.

1. Microfilariae 4+ normal saline solution, equal parts. Lived forty-
eight hours.

2. DMicrofilariae -+ serum of European (P.H.B.) Equal parts.
Lived five days.

3. Microfilariae -+ serum of patient with eltphalltia&ia scroti.
Dilution of serum with normal saline 1 in 4. Lived five days.

4. Microfilariae -+ atoxyl 1/2,000,000 (in normal saline). Lived
sixty hours.

5. Microfilariae -} antimony tartrate 1/2,000,000 (in normal saline).
Dead in twenty-four hours,

6. Microfilariae 4 quinine bihydrochloride 1/2,000,000 (in normal
saline). Dead in twenty-four hours.

Experiment 3. Room temperature.

1. Microfilariae - atoxyl (in normal saline) 1/10,000. Lived
thirty-six hours.

2. Microfilariae -+ antimony tartrate 1/10,000 (in normal saline).
Lived three and a half hours.

3. Microfilariae + antimony tartrate 1/7,500 (in normal saline).
Lived three and a half hours.

4. Microfilariae 4+ quinine bihydrochloride 1/10,000 (in normal
galine). Lived fourteen hours.

5. Microfilariae 4 sterilized and distilled water, equal parts. Lived
fourteen hours,
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Experiment 4. Room temperature.
1. Microfilariae 4 atoxyl (in normal saline) 1/2,000. Lived eight

hours,
2. Microfilariae -+ antimony tartrate (in normal saline) 1/2,000.

Lived half an hour.
3. Microfilariae -4 normal saline equal parts. Lived sixteen hours.
4. Microfilariae 4 serum of patient with filarial fever (temperature

102° F.). Lived three days. _
5. Microfilariae 4 quinine bihydrochloride 1/2,000 (in normal saline).

Lived half an hour.

Experiment 5. Room temperature.

1. Microfilariae + normal saline equal parts. Lived thirty hours.

2. Microfilariae + sterilized and distilled water. Lived twenty-four
hours,

3. Microfilariae -+ antimony tartrate (in normal saline) 1/10,000.
Lived two and a half hours.

4. Microfilariae + quinine bihydrochloride (in normal saline) 1/10,000.
Lived thirty hours.

5. Microfilarine 4 atoxyl (in normal saline) 1/10,000. Lived

seventy hours,

Experiment 6. Room temperature.

1. Mierofilariae 4+ serum from Solomon Islander with synovitis of
hip-joint and adenitis. TLl'l'llmratum 101* F. Lived four l'.l&l,‘:.

2. Microfilariae + serum of patient (Henry) with filarial orchitis.
Temperature 101-2° F. Lived eighteen hours.

3. Microfilariae -} serum of patient with filarial orchitis, Tempera-
ture 104°. Lived three days.

4 Miecrofilariae 4 serum of European (P.H.B.) one part microfilariae,
three parts serum. Lived twenty-four hours.

5. Microfilariae 4+ serum of European (W.J. M.) one part micro-
filariae, three parts serum. Lived twenty-four hours.

6. Microfilariae + serum of European (E.M. B.) one part micro-
filariae, three parts serum. Lived twenty-four hours.

In the tubes containing citrate solution, placed in the incubator at
37° C., the microfilariae never lived more than twelve hours. This fact
appeared in some way to be connected with the reduction of the haemoglo-
bin, The solutions remained sterile; cultures, made from this fluid after
three days in the incubator, on agar showed no growth, The same result
was noted from a series of uxperiment.u with mierofilariae in various
solutions in welled slides : the reduction of oxy-haemoglobin at this
high temperature takes place more rapidly, thereby depriving the
microfilariae of their supply of oxygen. In hydrocele fluid at room
temperature the microfilariae lived thirty-six hours.

Experiments were undertaken to find out whether the microfilariae
are unable to stand higher degrees of temperature than that of normal
blood. Considerable difficulty was experienced in using welled slides
on account of the water of condensation accumulating and obscuring
the view. Centrifuge tubes containing microfilariae in blood and citrate
solution were placed in a water bath at varying temperatures, A sterile
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clinical thermometer was placed inside each tube to record the tem-
perature more accurately. Drops of fluid were taken out at varying
intervals and examined to see if all the microfilariae were still alive.

I. At 104°F. Lived six hours. (Control at room temperature
lived three days).

2. At 108° F. All dead after eight hours.

In all such experiments great reduction of the haemoglobin was noted.

APPENDIX XXXII.

The action of certain drugs, when injected intravenously, on the
numbers of circulating microfilariae.

Antimony tartrate.

1. Fijian male, ael. 24. Fracture of right leg. No symptoms of
filariasis. Numerous microfilariae found in the blood.

| gr antimony tartratein 10 c.e. normal saline injected into median
basilic vein. No diminution in the numbers of microfilariae was noted.
Observations were continued for four days after the injection. No
rise of temperature was noted after the injection.

2. Fijan male, act. 30, No signs of filarial disease. A number of
microfilariae in  blood. 1 gr. antimony tartrate in 10 c.c. normal
saline injected into median basilic vein. No diminution in the numbers
noted. There was no rise in temperature after the injection.

3. Fijinn male, aef. 26. Operation for tumour in left spermatic
cord. History of attacks of lymphangitis ; thickened lymphaties
in right arm. ]!1_]l*l;ll{lll of 1 gr. antimony tartrate in 10 c.c. normal
saline into median vein. No decided diminution in the numbers of
microfilariae noted. A count was made every twelve hours for three
days before the injection and for five days afterwards when the micro-
filariae numbered 11 per measured slide. Before the injection
they averaged 16 per measured slide.

Atoxyl.

4. Fijian male, act. 40. Enlarged and varicose groin glands,
right. In hospital for septic toe. Injection of atoxyl 1 gr. in 10 per cent.
solution (normal saline) into median basilic vein on two oceasions. No
diminution in the numbers of microfilariae, or rise of temperature, was
noted. In order to ascertain whether the toxins of a Staphylococeus
piponpenes aurews isolated from a filarial abscess would prove inimical
to the microfilariae, a vaccine of 100,000,000 cocei was injected subeuta-
neously into the same patient immediately after the 111_]1:Lt|l:111 of atoxyl.
On this oceasion too, no diminution of the microfilariae in the blood
was noted.

5. Solomon [slander, aef. 30 with filaria nocturna. Two injections
of atoxyl, 1 gr. in normal saline on two separate occasions. No
definite diminution in the number of microfilariae which could be
ascribed to this drug, or alteration of their periodicity, was
noted. From inspection of the chart it certainly seems as if a
small diminution had taken place, and observation extending over
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the Hubwqm-nt. three months showed them always to be present at
night in smaller numbers. In October 11 were counted (an average
of three slides).

Quinine.

6. Fijian male, aet. 23. Physical condition good. No symptoms
of filariasis. Injected extravenously with 5 gr. quinine bihydro-
chloride in 2 c.c. sterile normal saline. No diminution of microfilariae
noted. Before the injection he had an average of 21 (three
slides eounted) microfilariae per 16 e. mm. blood. Observation two
days after the injection showed an average of 26 microfilariae
(three slides counted). There was no rise in temperature following
the injection.

Staphylococcus vaccine.

7. In addition to the case already mentioned, a Fijian male, aetl. 26,
with no symptoms of filarial disease, was injec ted subcutaneously with
a vaccine of 100,000,000 Staphyloceus pyogenes aureus, isolated from
a filarial abscess, 42 (average of three slides) microfilariae per
16 ¢c. mm. were present at the time of inoculation. No rise of
temperature was noted. A count was made every day after the injec-
tion, and on the third they averaged 46 per 16 ¢. mm., and a fortnight
later 48,
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APPENDIX XXXII.—Case III.—Four Hour Chart of Filaria with no
periodicity. Injection of antimony tartrate 1 gr.
Neame : Sakiusa, Race : Fijian male, aet. 26.
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APPENDIX XXXIII.

Observation on habits of Stegompia psendoscutellaris.

Stegomyia pseudoscutellaris being undoubtedly the commonest mosquito
in Fiji, any extended observation I was able to make on its habits may
not be out of place. It is found in great quantities all along the coast
line, particularly in the mangrove swamps. In the native villages of
the eastern islands, where elephantiasis and other diseases of filarial
nri;,in are very prevalent, it swarms, but inland it is not seen
in anything like the same numbers. It iz a bold feeder* and, unlike
Calex fm.lf;run' is easily captured while feeding. Being a pl_]r('}‘_t; day-
feeding species, it was only with difficulty induced to feed at night and
then only on the strongly illuminated side of the cage. In localities
where this mosquito is common I almost entirely failed to breed it
from larvae collected in fresh water, t]mugh on the sides of a brackish
creck, so commonly found running thlﬂu"h Fijian villages (Phot. XVII.),
I had no difficulty in capturing 200 imagines from off the back of one
native in twenty minutes. There is an island in Suva Harbour very
appropriately named Mosquito Island. It is about a quarter of a mile
in circumference, fringed with mangrove swamps and clothed with
coconut trees and rank vegetation. There is not a single pool of fresh
water in the island, yet 8. pseudosewdellariz swarms there to such an
extent that I never had any difficulty in filling my cages with 2-300
specimens fed on infected blood during a quarter of an hour’s stay.
Having satisfied myself experimentally that they cannot breed in sea-
water, the swamps of the adjoining mainland were searched for larvae
with a negative result. Further observation confirmed the fact that
they were only to be found on the island when the wind blew from
direction of certain brackish water creeks in the wvicinity, perhaps
explaining a fact frequently remarked on in this group, that these
mosquitors ave especially common on barven islets, where no fresh water 18
to he If'.rm ik,

These wild caught insects laid eggs in captivity and from them the
laboratory-bred mosguitoes, with which my experiments were made, were
raised. Four days after feeding on blood the eggs were laid, generally
on blades of grass at the sides of the vessel. In the cool months (August)
the eggs hatched in four days and the imagines appeared thirteen days
later, making a total of seventeen days for the entire eycle. But in the
hot weather the whole cycle from ovum to imago was shortened to a
minimum of eight days. ('n]:u_l].i,ticm in thiz, as in other mosquitos,
takes place immediat ely after the imago emerges. Ova apparently are
not laid uantil the 'mfmiimt:: has had a meal of blood. Considerable
difficulty was experienced in keeping these insects in captivity. They
do not appear to thrive for long on banana, apple, water-melon, jam,
raisins or pineapple, like Stegomyia fasciata or the Culicines. I had much
more success by feeding them d:uh on human blood. They are especially
blood-thirsty insects and apparently require a blood feed every day.
Thus one particular specimen I kept under observation had its fill of
blood daily for fifteen days. Culex fatigans and Culex jepsoni, on the
other hand, seemingly required but one feed of blood every ten days.

* On several occasions this mosquito was observed feeding on the dead bodies of
natives, in which the blood was still fluid.
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Almost directly they refuse to suck blood they die. From the predi-
lection of this species for mangrove swamps, it might be inferred that
the insect manages to abstract some nutriment from this plant ; this
does not appear to be the case. A number of mangrove shoots were
put into the cages, but I could not convince myself that the mosquitoes,
though they settled frr:quenl,l!,.' on the leaves, nmnngml to abstract any
nutriment from them. It is difficult to discover on what these inscets
feed in a state of nature on these barren islands where they are
found in such profusion. Of human beings or other mammals there are
none ; there are, however, a number of birds of the genus Ptilotiz, from
which they may obtain their supply of nutriment.

Larvae.

Jars of fresh, brackish (-75 per cent. normal saline) and sea-water
containing blades of grass were placed in the mosguito cages.  After a
few days it was found that the greatest number of eggs were laid in the
brackish water. Though some eggs were deposited in sea-water they
never underwent any development. Most larvae when placed in sea-
water died almost immediately, though very advanced forms immediately
pupated. “From a number of ["cllr:*nm{-ul,'-] it was discovered that the
larvae throve best in normal saline solution, and, as may be ¢ :mJl.-: tured,
no visible difference could be detected between the perfect insects,
whether bred in fresh water or in normal saline solution.

The larvae are very active and secretive and are always found at
the bottom of the vessel, hidden away under the blades of grass placed
in the water ; they did not thrive well in the light.

Food of the larvae.

The larvae appeared to feed almost exclusively on the decaying
vegetable matter collected at the bottom of he bowls,

In the bowls containing fresh-water microscopic animal life—amaoebae,
actinosphaenia, vorticellae, paramoecia and euglenae—were found
in abundance. In fresh-water bowls a green deposit of algae soon made
its appearance, but in the bowls containing normal saline nothing of the
sort was noticed ; vorticellae were the only animaleulae ever observed
in bowls containing this solution. Vessels of normal saline solution
containing blades of grass were left exposed to the air of the laboratory
for weeks without any development of algae being noticed within them.
Ova of the mosquito were placed in sterilized water containing grass
which had been boiled for half an hour ; the larvae developed normally
and the imagines appeared in fifteen :Lua The sediment was examined
microscopically and only a few diatoms were found. When too many
larvae were present in the water of one bowl the development of one
and all was considerably retarded.

Action of dilute copper sulphate solution on the larvae.

Experiments with dilute copper sulphate solution were made to test
its effect on the larvae. The strength used was 1 gr. to a gallon of
water (1 oz. in 437 gallons). This is considerably less than that used
in fresh-water reservoirs (1 oz. in 312 gallons). It was found that
although ova placed in this solution hatehed, the larvae died within
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twenty-four hours, notwithstanding the vegetable matter added as
before. Larvae, however, in a further state of development would live
and thrive in copper sulphate solution as long as vegetable matter in
sufficient quantity was present. This strength of copper sulphate solution
killed off all amoebae and algae and Culex fatigans and stegomyia larvae
died of starvation in such water if no vegetable matter was present.
So tenacious of life are these advanced larvae that one stegomyia larva
was observed to live seventeen days in such solution, but without
advancing in development, and a larva of Culex fatigans remained alive
a month under similar conditions.

The effect of copper sulphate solution on a large scale was tried in a
large swimming bath which previously used to be one of the main breed-
ing areas of mosquitoes in the vicinity. For seven months, while thus
treated, not a single mosquito larva was ever found in it. After a heavy
rainfall a certain amount of copper sulphate had to be added to Keep up
the strength of the solution.
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