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Since the outbreak of the war, thousands of
military personnel have been stationed in islands
of the South Pacific where a non-periodic type of
Bancroftian filariasis is prevalent among the na-
tive populations, and large numbers of the troops,
who have been intensively exposed to the bites of
infected mosquitoes, have developed clinical mani-
festations of filariasis. The pattern of the disease
in these men is similar to that described many
years ago (1) in Europeans, a few months after
their arrival in these same island groups, and con-
sists primarily of a lymphadenitis and remittent
lymphangitis, sometimes associated with constitu-
tional symptoms of low-grade fever, chills, mal-
aise, and nausea. The natives are well acquainted
with this syndrome and call it "mumu."

The chief manifestations of "mumu," as seen
among the troops, are lymphadenopathy of the
axillary, inguinal, and epitrochlear nodes, with
recurrent attacks of a retrograde or centrifugal
lymphangitis, and the appearance of evanescent
red, swollen, pruritic areas on the affected trunk
or extremities (2, 3). The spermatic cord and
scrotal contents are frequently affected, the com-
monest lesion being a funiculitis, with or without
epididymitis, orchitis, or hydrocele (4). In the
majority of cases, a definitive diagnosis of filari-
asis cannot be made, since microfilariae have thus
far been found but rarely in the blood (3, 5); but
the adult parasites have been recovered from in-
volved lymph nodes in a number of patients (6,
7), and skin tests with filarial antigens have
yielded positive results in about 85 per cent of the
men with clinical evidence of the disease (2, 3,
6, 8).

The mechanism which excites the attacks of
lymphangitis and fugitive swellings in these cases
is of great interest. The aforementioned observ-
ers are in general agreement that the chief factor
is a sensitization of the host to antigenic sub-

stances elaborated by the adult parasites, and that
the symptoms are the result of an immune or al-
lergic type of reaction. This opinion is supported
by the high incidence of positive skin tests, pre-
cipitin tests, and complement fixation reactions
with filarial antigens among supposedly infected
troops (2, 3, 6, 8), indicating that the majority
have developed antibodies to the parasite; by the
microscopic appearance of the tissue changes in
biopsy specimens (6, 7); and by the fact that the
local reactions occurring spontaneously in these
naturally infected individuals may be reproduced
in many of them following the intradermal inocu-
lation of filarial antigens (2).

Another possible mechanism for the recurrent
lymphangitis is secondary bacterial infection, since
it is well-known from earlier work (9) that lymph
stasis and lymph edema predispose to bacterial
invasion, particularly with hemolytic streptococci.
Furthermore, the so-called "tropical lymphangitis"
of the Caribbean area, which clinically resembles
the lymphangitis of "mumu" in some respects, has
been definitely shown by bacteriological and sero-
logical procedures frequently to be initiated by
streptococcal infections (10).

The infectious etiology of the lymphangitis seen
in the cases of filariasis among military personnel
has been investigated, using ordinary bacteriologi-
cal procedures, and thus far cultures have failed
to reveal hemolytic streptococci (6, 7). Cultural
methods alone may, however, be inadequate, as
was clearly demonstrated in cases of tropical
lymphangitis (11), in which it was found to be
difficult to isolate streptococci at the time of the
attacks. It was shown, nevertheless, that the at-
tacks were engendered by a streptococcal infec-
tion, since the majority of these cases subsequently
showed an immune response characterized by an
augmented titer of antistreptolysin "O" in the
blood.
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The present report deals with an investigation
of antistreptolysin titers in the blood of soldiers
suffering from recurrent lymphangitis associated
with filariasis. The study was undertaken to ob-
tain additional evidence for or against streptococ-
cal infections as a factor in producing the symp-
toms exhibited by these men.

CLINICAL MATERIAL ANDGENERALPROCEDURES

The clinical material consisted of 45 cases of suspected
filariasis among military personnel recently returned from
the South Pacific area, most of whom were observed by
the authors at the Halloran General Hospital, Staten
Island, New York.' The remaining cases were seen at
the Harmon General Hospital, Longview, Texas, by
Colonel Alexander Marble and Captain A. A. Goodman,
through whose interest and cooperation the clinical data
and blood specimens were obtained.

All of the cases gave a history of one or more attacks
of lymphangitis beginning 5 to 12 months after their
initial exposure to infection, and the majority had re-
gional lymphadenopathy at the time of examination.
Many of the men had also noted transient painful swell-
ings of the spermatic cord or scrotum, although only a
few showed persistent enlargement of these structures.
None of the cases gave a history of recent sore throats
or other infections of the respiratory tract, nor of in-
fections following injury to the body surface, but nearly
all had had an attack of lymphangitis within 2 months
preceding the date when blood was drawn for determina-
tion of the antistreptolysin titer.

Antistreptolysin titers were determined on single speci-
mens of blood from each case; multiple specimens could
not be obtained owing to the early transfer of the patients
to other areas. The tests were performed by a modifica-
tion of the method described by Coburn and Pauli (12),
the final titers being reported as the highest dilutions of
inactivated sera that would completely neutralize one
standard unit of streptolysin (Todd).

Each patient was also skin-tested with filarial antigen
prepared from Litomosoides carinii, as described in a pre-
vious publication (8). One tenth ml. of this antigen, in
a dilution of 1-200, was injected intracutaneously on the
volar surface of one forearm, together with a similar
amount of the diluent alone on the other forearm as a
control. Positive reactions were characterized by the al-
most immediate appearance of an urticarial wheal at the
site of the injected antigen, accompanied by surrounding
erythema and usually by some local itching. The in-
tensity of the reactions was estimated by measuring the
longest perpendicular diameters of the wheals, 10 minutes
after injection.

Blood smears to be examined for microfilariae were
obtained by preparing thick films as for malarial parasites,

1 These cases were made available for study through
the kindness of Colonel Ralph G. De Voe, Commanding
Officer of Halloran General Hospital.

de-hemoglobinizing in tap water, fixing in equal parts of
ether and absolute alcohol, and staining with hematoxylin.

RESULTS

Antistreptolysin titers. The results of the tests
for antistreptolysin titers are recorded in Table I.

TABLE I

Distribution of antistreptolysin titers in 45 cases of
filariasis among military personnel

Antistreptolysin Number of Antistreptolysin Number of
titer cases titer cases

20 2 125 2
33 4 142 7
62 4 166 4
71 4 200 3
83 5 250 3

100 2 333 3
III 2

It will be seen that the titers varied from 20 to
333 units per ml. of serum; but, of the 45 cases,
only 6 were found to have titers of 250 or more,
while the remaining 39 cases showed values of
200 or less. It is the opinion of most observers
that the range of antistreptolysin titers which may
be regarded as normal is variable; however, for
single specimens, it is generally considered that a
titer of 250 units or more is elevated, while a titer
lower than this is within normal limits (13). Ac-
cording to these criteria, therefore, the great ma-
jority of the cases of filariasis failed to show sero-
logical evidence of an antecedent streptococcal in-
fection.

It is of interest further to compare the anti-
streptolysin titers obtained in this group of 45
cases with those found by others (14) among 47
normal male medical students. The figures for
the two groups are given in Table II and show an

TABLE II

Comparison of antistreptolysin titers in 45 cases of
filariasis and 47 normal adult males

47 normal males
45 cases of (Rantz, Kirby

Antistreptolysin titers filariasis and Jacobs)

Titer 100 or less 21 23
Titer 101 to 166 15 18
Titer 200 3
Titer 250+ 6 6

extremely close correlation, which is evidence that
the distribution of the antistreptolysin titers
among the cases of filariasis is similar to that
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TABLE III

Antistreptolysin titers in a case of tropical lymphangitis initiated by a hemolytic streptococcal infection

Interval after attack of lymphangitis

2 weeks 3 weeks 4 weeks 5 weeks 8 weeks 13 weeks 23 weeks

Antistreptolysin titer | 550 | 550 550 | 620 | 830 | 550 500

which may be found in normal males of approxi-
mately the same age.

In Table III, serial determinations of the anti-
streptolysin titer in a patient from the Caribbean
area who suffered a typical attack of "tropical
lymphangitis" are recorded. It will be noted that
the antistreptolysin titer, which was 550 units 2
weeks after the attack, was still elevated at the
twenty-third week, when the tests were discon-
tinued. The high titers in this case illustrate the
type of response which led other workers (11) to
the conclusion that most cases of tropical lymph-
angitis are engendered by an infection with hemo-
lytic -streptococci; they are in marked contrast to
the normal titers encountered in nearly all of the
cases in our present series.

Skin tests. The skin tests with filarial antigen
prepared from L. carinii were positive in 38 of the
45 cases, an incidence of 84.5 per cent. These re-

sults are almost identical with those obtained (2,
6) in a large series of cases tested with Dirofilaria
immitis antigen, and serve to indicate that the ma-

jority of the men had serological as well as clinical
evidence of a filarial infection.

No correlation was observed between the size of
the skin wheals and the levels of the antistrepto-
lysin titers, as is shown in Table IV. However,
it was noted that the men who had suffered most
severely from recurrent lymphangitis were, in a

number of instances, those who displayed the most
marked cutaneous responses to filarial antigen.

Micro fdariae in the blood. Microfilariae were

detected in the blood of only one patient. This
finding is in harmony with that of the other in-
vestigators who have studied recently acquired
filariasis among our military personnel (2, 3, 5,
6).

DISCUSSION

Although a definitive diagnosis of filariasis was

made in only one patient of the present series by
the discovery of microfilariae in the peripheral

blood, there is good indirect evidence that the
great majority, if not all, of the men, were suf-
fering from a filarial infection contracted during
their residence in areas of the South Pacific where
the disease is highly endemic. Their symptoms,
particularly the lymphadenopathy and recurrent
lymphangitis, strongly suggested such an infection,
and it is especially significant, from the diagnostic
standpoint, that a large proportion of the men had
developed a demonstrable immunological reaction
to an antigen prepared from a filarial worm which
is closely related to Wuchereria bancroft.i.

The antistreptolysin titers were within normal
limits in nearly all of these cases, only 6 of the 45
showing titers which were high enough to suggest
the possibility of a recent streptococcal infection.
These findings are in contrast to those of Morales
and Pomales among cases of so-called "tropical

TABLE IV

Comparison of intensity of cutaneous reactions to filarial
antigen and lvel of antistreptolysin titers in

45 cases of flariasis

Skin tests: Antistrep- Skin tests: Antistrep-
Case diameters tolysin Case diameters tolysin

of wheals titers of wheals titers

CM.~ ~ CMcm. cm.
I 1.1 X 1.1 71 24 1.9 X 1.8 100
2 1.2 X 1.0 62 25 2.0 X 1.8 111
3 1.2 X 1.0 83 26 2.0 X 2.0 83
4 1.2 X 1.1 33 27 2.1 X 1.7 333
5 1.2 X 1.1 200 28 2.1 X 2.0 166
6 1.3 X 1.0 33 29 2.2 X 2.0 83
7 1.3 X 1.1 142 30 2.2 X 2.0 71
8 1.4 X 1.4 142 31 2.2 X 2.0 200
9 1.5 X 1.2 166 32 2.4 X 1.8 71

10 1.5 X 1.3 250 33 2.4 X 2.0 62
11 1.5 x 1.5 33 34 2.5 X 2.3 83
12 1.7 x 1.5 62 35 2.5 X 2.4 333
13 1.7 X 1.6 125 36 2.6 X 2.2 166
14 1.7 X 1.7 250 37 3.3 X 2.5 200
15 1.7 X 1.7 142 38 Positive 20
16 1.8 X 1.5 166 39 Negative 250
17 1.8 X 1.5 142 40 Negative 333
18 1.8 X 1.6 33 41 Negative 20
19 1.8 X 1.6 142 42 Negative 111
20 1.8 X 1.7 62 43 Negative 142
21 1.8 X 1.8 100 44 Negative 83
22 1.9 X 1.7 71 45 Negative 125
23 1.9 X 1.7 142
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lymphangitis," most of whom showed distinctly
elevated levels of antistreptolysin in the blood fol-
lowing attacks of the disease. It seems only rea-
sonable to assume, therefore, that while a sec-
ondary streptococcal infection may possibly have
initiated the lymphangitis in a few of our cases,
the responsible factor in the majority was of a
different nature.

Unfortunately, our clinical data were not suf-
ficiently complete so that a truly accurate ap-
praisal of the relationship between the severity of
the clinical manifestations and the intensity of the
cutaneous responses to filarial antigen could be
made. We did note, however, that some of the
most marked dermal reactions occurred in patients
who had had severe attacks of lymphangitis. In
one such individual, following the intradermal in-
jection of 0.1 ml. of filarial antigen, a generalized
reaction occurred within about 20 minutes. This
reaction was characterized by the appearance of
a pruritic, urticarial eruption over the chest, back,
and abdomen, together with a marked facial edema
and some dyspnea.

In several other cases, red streaks were ob-
served to radiate up the arm from the site of anti-
gen injection, followed by transient edema of the
neighboring soft parts. These secondary manifes-
tations closely simulated a mild attack of lymphan-
gitis, and it is of interest that they could be pro-
voked by such a small amount of antigen injected
to the skin.

The sum of these observations leads us to con-
clude, as have other investigators, that the recur-
rent lymphangitis seen in these men can be ade-
quately explained as the result of allergic reactions
to the parasitic infection.

SUMMARY

Antistreptolysin titers were determined in the
blood of 45 soldiers suffering from recurrent
lymphangitis associated with filariasis contracted
in the South Pacific. The titers were within nor-
mal limits in 39 of the 45 cases.

The attacks of lymphangitis in these soldiers
appeared to be due probably to allergic reactions

to the parasitic infection; secondary streptococcal
infections were apparently of little or no conse-
quence as an etiological factor.
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