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The mo quitoes were caught off egetation by hand in
gla te t-tube , 90x 15 mm., which were then plugged with
cotton wool. At the field tat ion the mosquitoes were grouped
according to pecie and collecting sites. They were then
stored on CO2 ice until prOcessed in the main laboratory
in Johannesburg for inoculation into mice. For this the
mosquito lots were processed in 0'75% bovine plasma
albumin and the suspension from each lot was inoculated
intracerebrally (IC) into 2 litters of infant mice, 2 - 3 days
old, and into 6 adult mice. The dose of inoculum was 0·03 ml.
for mice of both ages. Further details on the techniques
used for the collection and handling of mosquitoes for
virus isolation are given el ewhere.2,3

During the period March - June 1958, almost daily
mosquito collections were made at 12 collecting sites. Since
the establishment of the field station at dumu, many
different collecting sites had been tried and the ones ex
ploited during 1958 were those which had yielded tne greatest
number of mosquitoes. A collecting site is a small area
usually about 50 yards in diameter. It is a clump of the
somewhat denser scrub or trees and is relatively well shaded.
Some of them are not in the immediate vicinity of water.

The serological procedures used in the neutralization (N),
complement-fixation (CF), and haemagglutination-inhibi
tion (HI) tests follow the methods described by Smithbum,4
casals et a/.,5 and Clarke and casals,' respectively.

For use in the N test, the antiserum against the Spondweni
prototype strain (AR 94) was obtiined from a vervet monkey
follmving 2 intraperitoneal inoculations of the virus. The
AR 1038 antiserum was a pool from 2 rabbits following a
single IC inoculation of virus. In CF and HI tests mouse
hyperimmune antisera were used.

ISOLATIO OF THE VIRUS STRAINS

Between 18 March and 5 June a total of 13,123 female
mosquitoes was caught and inoculated into mice. ine
strains of virus, which were subsequently identified as Spond
weni virus, were isolated from 4 species of mosquitoes as
indicated in Table 1. Included in this table are 3 mosquito
species from which virus was not isolated, but which were
obtained in relatively large numbers. The mosquitoes listed
in this table comprise 98 % of the total catch.

In mice these strains behaved similarly to each other and
also to the original Spondweni virus strain, AR 94, isolated
in 1955. By IC passage of infected mouse brain no difficulty
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MATERIAlS AND METHODS

The main investigations at Ndumu consisted of the following
activities:

1. Collection of mosquitoes for virus isolation.
2. Collection of tissues from small mammals and birds

for virus isolation.
3. Collection of blood specimens for virus isolation

from persons \vith symptoms suggestive of a virus infection
who attended clinics in the area.

4. Collection of blood specimens from small mammals
and birds for antibody studies.

5. Use was made of human beings and animals as sen
tinels. Antibody studies on sera obtained from bleedings
at the beginning and end of the observational period were
made to investigate possible antibody conversions.
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Spondweni virus was first isolated in 1955 from a pool of
Mansonia (Mansoniodes) uniformis (Theo.) mosquitoes col
lected in northern Zululand, South Africa. l It was shown
then that Spondweni virus belonged to Casals' group B
of the arthropod-borne viruses, and a survey of human
sera collected from residents of northern Zululand Showed
the presence of neutralizing antibodies against this virus.

Shortly after the isolation of this virus, a field station
was established by this Unit in northern Zululand where
periodic field investigations have been made in a continuation
of our study of the arthropod-borne viruses. This field
station is at Ndumu which is about 20 miles from the Simbu
area where the original isolation of Spondweni virus was
made.

During the period March - June 1958, intensive field
investigatiQns were carried out at Ndumu, since previous
experience had shown that overt viral activity is at its peak
at this time of the year, namely, the late summer and autumn.

From mosquitoes collected at Ndumu during this period
9 strains of Spondweni virus were isolated. While these
strains were being handled in the laboratory, 2 cases of
illness occurred among laboratory personnel. Evidence is
presented which indicates that these illnesses were caused
by Spondweni virus.
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TABLE I. SPECIES OF MOSQUITOES COLLECTED AT IDUMU, MARCH-JUNE 1958, WHICH WERE PREVALENT AND/OR FROM WHICH STRAINS OF

SPO!'.'DWENI VIRUS WERE ISOLATED

Species

Aedes ( eomelaniconion) ci,cumluleolus (Theo.)
Mansonia (Mansonioides) africana (Theo.) . . . .
Aedes (Aedimorphus) cumminsi ssp. mediopunclalus (Theo.) .'
Erelmapodires silveslris (I. and de M.) ..
Aedes (Aedimorphus) albocephalus (Theo.)
Culex (CuLex) univillalus (Theo.) . . . .
Mansonia (Mansonwides) uniformis (Theo.)

Min.
12
I
3
1
2
6
3

No. per lol

Max.
300
166
25

8
228
138
173

Mean
100
30
10
2

88
38
33

TOlal
Iou
51
31

3
7

52
37
25

TOlal
mosq.
5,097

926
31
16

4,563
1,396

35

Spondweni
virus

isolations
4
3
1
1
o
o
o

Virally
productive
collection site
4,16,18,21
4.18,21
18
16
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was encountered in establishing the 9 isolates in mice. In
the case of the first strain isolated, AR 1038, the infant
mice were noticed sick or dead on the 5th and 6th days
following inoculation of the mosquito suspension. The
adult mice inoculated with the same suspension sickened
between the 8th and 10th days. On lC passage of brain from a
sick infant mouse into further mice, infant mice sickened on
the 4th day and died on the 5th and 6th days, while in adult
mice deaths occurred a day or two later. From the 2nd
passage, AR 1038 virus, as well as the other 8 strains, were
fully lethal for mice of both ages. All the strains passed
readily through SeitZ asbestos filters.

In four instances where a mosquito suspension had yielded
virus, the original suspension was inoculated into mice after
storage at about - 20°e. in an attempt at re-isolation. Of
these suspensions, 3 proved infective for mice.

IMMUNOLOGICAL IDENTIFICATION OF THE ISOLATES

HI. From all 9 isolates a haemagglutinin was obtained
from an alkaline aqueous suspension of infant mouse brain
after centrifugation at 10,000 r.p.m. for one hour. This
suggested their relationship to the group B viruses. HI
tests with various specific antisera confirmed this relationship
and their probable identity as Spondweni virus. In these
tests their group B properties resulted in inhibition by
several group B antisera, but by no other antisera. The
highest titres occurred with a Spondweni hyperimmune
mouse serum. Other group B viral antisera which gave
inhibition were notably West Nile and, to a lesser extent,
Uganda S and Wesselsbron.

CF. The identification of all 9 isolates as Spondweni
virus was established in CF tests with the same antigens
used in the HI tests and a range of mouse hyperimmune
viral antisera. These antisera consisted of antisera against
4 gioup A viruses, 5 group B viruses and Rift Valley fever·
and Simbu viruses. Fixation occurred with Spondweni anti
serum and with none of the other antisera.

N. The identity of the isolates was confirmed with the
N test. All these tests were carried out in adult mice inocu
lated le. As indicated in Table II a Spondweni virus anti
serum significantly neutralized the 9 isolates. In addition
there was reciprocal cross-neutralization between one of
these isolates and Spondweni virus.

TABLE IT. RESULTS OF N TESTS BETWEEN AR 94 STRAIN OF SPONDWENI
VIRUS, 9 STRAINS OF VIRUS ISOLATED FROM MOSQUITOES, AND AR 94

AND AR 1038 VIRUS ANTISERA
Serwn

TABLE IIL CF RESULTS WITH SEVERAL GROUP B VIRUS ANTIGENS AND
VARIOUS SERA FROM INDNIDUAl.S I.L. AND C.B.

TABLE TV. ill RESULTS WITH SEVERAL GROUP B VIRUS ANTIGENS AND
VARIOUS SERA FROM INDNIDUAl.S 1.L. AND C.B.

8
o
o
o
o
o

o
o
o
o
o
o

Sera from C.B.

Sera from C.B.

SerafromJ.L.

Sera from J.L.

24 June 10 July 10 Mar. 28 Mar. 28 April 28 May.
1958 1958 1959 1958 1958 1958
acute 1st 2nd pre- ac.ute ConY.

conv_.. conY. illness

7 Feb.
1958
pre

illness

Antigen

23 June 1958. Her symptoms were generalized aches and pains,
rigors, and vertigo. Her temperature at 8 a.m. on 24 June was
lOO°F., but was normal when a blood specimen was obtained at 1.30
p.m. on the same day. It was observed that her blood clotted very
slowly. Recovery was quick and complete.
Case 2
·c.B., a White male, 19 years old, became ill on ·27 April 1958.

His symptoms were severe headache, weakness, nausea, and slight
epistaxis. On the morning of 28 April his temperature was 99°F.
and in the afternoon 102· 3°F., whena blood specimen wascollected.
On the 29th his temperature was 99· 5°F. and a slight headache was
present. The patient remained in bed until 1 May when he returned
to work.'However, he went off duty that afternoon owing to a
severe headache and weakness and stayed away from work for a
further 3 days.

Serum obtained from the acute-phase blood specimens of
both individuals was inoculated into infant mice in an
attempt at virus isolation. A virus was isolated from J.L.'s
serum, but not from that of C.B. An attempt at re-isolation
by inoculation into mice of J.L.'s -Serum after 14 days'
storage at - 20°e. was unsuccessful. However, this can
possibly be explained by a loss of infectivity during storage,
since its original infectivity was such that only 6 out of the
12 infant mice inoculated sickened. As is evident from the
serological studies on this serum mentioned below, the
group B virus antibody present in this serum may also have
been a factor iI;I the low infectivity.

The virus obtained from J.L. was identified as Spondweni
virus in an N test. In this test a Spondweni virus (AR 94)
antiserum neutralized 2·5 logs of the virus.

The antibody response following the illnesses of the 2
patients was studied by means of the N, CF and HI tests.

Owing to the antigenic overlap between the group B
viruses, 5 other group B viruses, apart from Spondweni
virus, were included in the CF and III tests with sera from
both individuals. Also included in these 2 tests was a pre
illness serum from both patients as well as a second con
valescent serum from J.L.

The results obtained with sera from C.B. and J.L. in the CF
and HI tests are shown in Tables ill and IV.

Spondweni CAR
94) .. 0 0 0 4· 0

Wesselsbron . . 0 4 32 8 0
H 336t 0 32 128 64 0
West Nile 0 8 32 16 0
Zika .. 08880
Yellow fever 0 16 128 16 0

• Reciprocal of highest serum dilution giving +3 fixation.
t A group B virus isolated from man in Soutb Africa and related to, but not

identical witb, Uganda S virus."

AR 1038
3·8
2·9

Virus
AR 94

AR 94 3'3·
AR 1038 2·4
AR 1071 2·8
AR 1071 3·6
AR 1081 3·0
ARI084 2·1
AR 1086 2·1
AR 1163 3·4
AR 1168 2·5
AR 1266 3·3

• Results expressed as tbe neutralization index.

Spondweni CAR
94) . . 0 40· 640 320 • 0 640 1,280

H 336 .. 0 1,280 2,560 1,280 0 0 40
Wesselsbron . . 0 320 640 320 0 0 40
Zika . . 0 10 40 10 0 0 0
West Nile 0 1,280 2,560 2,560 0 0 160
Yellow fever .. 10 160 320 160 0 0 0

• Titre expressed as recip.rocal of highest serum dilution which gave inhibition.

LABORATORY INFECTIONS

As mentioned previously, while work with the Spondweni
isolates was in progress in the laboratory, 2 cases of illness
occurred among laboratory personnel. The details of these
cases are as follows:
Casel

J.L., a White female, 21 years old, became ill on the evening of

Antigen 7 Feb. 24 JlDfe 10 July 10 Mar. 28 Mar. 28 April 28 May
1958 1958 1958 1959 1958 1958 1958
pre- acute 1SI 2nd pre- DCute cony.

illness ConY. conv. illness
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TABLE V. RESULTS OF N TESfS WITH SPONDWENI VIRUS, A NOR..>dAL
MONKEY SERUM, AND THE ACUTE AND CONVALESCENT SERA FROM

PATIENT 1.L.

With the CF test (Table III) it can be seen that, while her
pre-illness serum was devoid of antibody against all the
group B agents tested, her acute serum contained antibody
against 5 of these agents, but not against Spondweni. It is
noteworthy that after 16 days following the commencement
of her illness Spondweni antibody was still absent, but there
was an increase in antibody titre against 4 of the other
agents. Also, whereas her second convalescent serum showed
the appearance of Spondweni antibody, the antibody titres
against the remaining group B agents either remained' con
stant or decreased.

From Table IV it is evident that at the time of her illness
the patient possessed quite a degree of group B virus ID
antibody which reached a considerably higher level at the
time her first convalescent serum was obtained. In this
increase it should be noted that there was a sixteen-fold
rise in antibody titre against Spondweni, while ..only a two
fold or four-fold rise occurred against the other antigens.
The 1 : 10 ID titre against yellow fever antigen in the pre
illness serum is possibly the result of her first yellow fever
immunization.

From Table ill it can be seen that Spondweni CF anti
bodies were present in the convalescent serum and absent
in the acute and pre-illness sera. Also CF antibodies against
the other 5 group B viruses were absent in the convalescent
serum. In Table IV it can be seen that Spondweni virus
ID antibodies were absent in the pre-illness serum, while
there was a two-fold rise in antibodies following the illness.
Of the group B viruses tested, the ID titre was highest against
Spondweni virus.

In the N test C.B.'s acute serum .gave no neutralization of
Spondweni virus, whereas the convalescent serum was
fully protective against 158 LDso of virus.

In the case of J.L., preliminary tests indicated that the
antibody response following her illness was by no means
clear-cut. This individual had been immunized some 5
years previously against yellow fever and it appeared likely,
from the ID and CF tests on her acute-phase serum, that
she had had a group B virus infection between the time
of commencement of her employment in this laboratory
in February 1958, and her illness in June 1958. During this
period she had been intensively engaged in the preparation
of several group B virus HA antigens so that opportunity
for such infection to have occurred had existed. .

Four sera were available from J.L. for antibody tests.
These included a pre-illness serum collected on 7 February
1958, when she started work in this laboratory; the acute
serum, from which Spondweni virus was isolated, obtained
on 24 June 1958, the day following the onset of the
illness; and 2 convalescent sera. The one was obtained on
10 July 1958, 16 days after the onset of the illness, and the
other on 10 March 1959. During January 1959 she had
received a second yellow fever immunization. The results
with the CF, ID and N tests on these sera are shown in
Tables rn, IV and V.

The results of the N test on J.L.'s acute and first con
valescent sera shown in Table V, indicate a slight rise in
Spondweni virus antibody during convalescence. While a
neutralization index of only 1·3 was obtained, this figure
was reproducible and this low value could possibly be
accounted for by the presence of group B virus antibody in
the acute-phase serum. The difference in titre of the virus in
this serum and a normal monkey serum supports this con
tention.

DISCUSSIO

The isolation of Spondweni virus from 9 different pools
of mosquitoes caught at dumu was conclusive evidence
of the presence of this agent in the immediate vicinity.
These isolations occurred after more than 2 years of work
at dumu during which Spondweni virus had not been
isolated. The apparent sporadic appearance of viruses in
Tongaland has been observed with other arthropod-borne
viruses during the course of our studies in this area.

Of the 12 collecting sites at Ndumu which were exploited,
4 yielded virus. The productive sites are located within an area
about 6 miles in diameter which was virtually the area of
our field activities at Ndumu at this time. Within such narrow
limits, these isolations must reflect an intense type of viral
activity.

The non-arthropod hosts involved in this outbreak can only
be speculated upon. Our observations suggest that birds and
small mammals should be excluded. Attempts at virus
isolation were made from 120 wild birds and 85 small
mammals caught during the period March - June 1958, with
no isolation of Spondweni virus. Although the birds were
obtained just outside the perimeter of the mosquito-collecting
area, the mammals were trapped at the actual collecting sites.
Furthermore, antibody studies on sera obtained from birds
and rodents have shown that Spondweni-neutralizing anti
body is not prevalent in these animals from this area.

The susceptibility of cattle, goats andsheep, of which there
are large numbers in the area, is not known. Of 234 sera
collected in Tongaland in 1955 from cattle, sheep, and goats,
tests for neutralizing antibody against Spondweni virus were
positive in only 6 instances.? However, only 2 of these
positive sera were monotypic for Spondweni virus alone, since
the other sera were, also positive against other group B
viruses. In the area of the 1958 Spondweni outbreak, use was
made of 31 cattle and 8 sheep as sentinels. Antibody studies
with the N test on paired sera from these animals showed that
3 cattle and 2 sheep had possibly been infected with Spondweni
virus during the outbreak.

What rOle the several thousand human beings resident in
the Ndumu area may have played in the outbreak was not
determined. Our attempts at virus isolation from 53 febrile
patients who attended the clinics and from whom blood
samples were taken, resulted in the isolation of a strain of
West Nile virus,8 but no Spondweni virus. N tests on paired
sera from 7 African boys employed as mosquito catchers
showed that one of these boys had an antibody conversion
to Spondweni virus. On the other hand, the incidence of
Spondweni antibody was found to be extremely low in 111
sera collected in December 1958 from Africans resident in the

dumu area. These sera were initially tested in an ID test
when 23 were positive at a dilution of 1 : 10 to Spondweni
antigen. When these 23 sera were tested in an N test, only 2
were fully protective against Spondweni virus.

Logs l'irus
neutralized

1·3

LDgs virus
titre
5-5
4-1
2·8

Serum
Normal monkey ..
Acute, 24 June 1958 ..
Convalescent, 10 July 1958
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Aedes circumluteolus and Mansonia africana both frequent
the shady bush habitat, although the latter species is also
known to enter dwellings irregularly at night. 2 Visual ob
servation2 and the results of precipitin tests on recently
engorged mosquitoes of these 2 species caught in the Ndumu
area have shown that they possess somewhat similar host
preferences, namely, they feed mainly on man and the larger
domestic and wild animals, but infrequently on birds and
rodents.9

Despite the host preferences of 2 species of mosquito im
plicated in this outbreak, our failure to isolate virus from the
human beings who attended the clinics and the lack of more
definite serological evidence incriminating man, cattle, and
sheep means that the vertebrate host must remain conjectural.

TheiIer and Casals10 reported on the nature of the antibody
response following infection with yellow fever in human
beings, some of whom had apparently been infected previously
with another group B virus. A distinction was made between
the antibody response following a primary group B virus
infection and that following a secondary infection. In a
primary infection the response was more specific to the
infecting agent, especially with the N test, and, if heterologous
antibodies developed, they did so to a lower titre than the
homologous antibodies. In a secondary infection the antibody
response was to a variety of agents, and the only conclusion
that could be derived from serological evidence was that a
group B agent was involved. In these cases a specific diagnosis
can be made only if the causal group B virus is isolated du
ring the illness. Often the highest antibody levels following
secondary infections were heterologous.

In accordance with these findings and the results of our
serological tests on their sera, C.B.'s illness is considered
a primary group B infection and J.L.'s illness a secondary or
even multiple group B infection if the first. yellow fever
immunization is taken into account. Hence, the diagnosis of
Spondweni infection in these cases would depend on the
following evidence: ---

C.B.
1. The absence of Spondweni and group B, CF antibodies

in the acute serum.
2. The presence of neutralizing Spondweni and CF anti

body in the convalescent serum and the absence from this
serum of CF antibody against 5 other group B agents.

3. The fact that HI antibody titre in the convalescent serum
w~ highest against Spondweni virus.

L.J.
1. The isolation of Spondweni virus from the acute serum.
2. The rise in group B virus antibody during convalescence.

SUMMARY

1. Nine strains 0f Spondweni virus were isolated in mice
from 13,123 female mosquitoes collected in Tongaland,
South Africa, in 1958.

2. Four strains were isolated from Aedes (Neomelaniconion)
circumluteolus (Theo.), 3 strains from Mansonia (Mansoniodes)
ajricana (Theo.), and one strain each from A. cumminsi ssp.
mediopunctatus (Theo.) and Eretmapodites si/vestris, Ingram
and De Meillon.

3. With the haemagglutination-inhibition, complement
. fixation and neutralization tests, these strains were found to·

be immunologically similar to the strain of Spondweni virus
isolated in Tongaland in 1955.

t. The outbreak of Spondweni virus activity in mosquitoes
in 1958 followed a 2-year period when the presence of this
virus had not been detected in Tongaland. .

5. The non-arthropod host involved in the outbreak was
not apparent.

6. At the time that strains of Spondweni virus were being
handled in the laboratory, 2 cases of illness occurre.d among
laboratory personnel. Spondweni virus was isolated from one
individual. The nature of the antibody response in the con
valescent sera of both was studied with the neutrali
zation, complement-fixation, and haemagglutination-inhi
bition tests.

The studies and observations on which this paper is based were
financed jointly by the South African Institute for Medical Re
search, the Poliomyelitis Research Foundation, the South African
Council for Scientific and Industrial Research, and the Rockefeller
Foundation, and were conducted in collaboration with the
State Health' Department and fhe Veterinary Division of the
Department of Agriculture.
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BREAST ABSCESS
SELECTED CASE REPORTS

THro. TE WATER NAUDE, M.B., CH.B. (CAPE TOWN)

Casualty Department, Groote Schuur Hospital, and Department of Surgery of the University of Cape Town

Two recent articles1 ,2 have drawn attention to the large
number of breast abscesses seen at the Groote Schuur
Hospital, Cape Town. Various aspects of the problem of
treatment are discussed, including the probable routes of
infection, the r6l~ of maternity homes, the methods of
treatment, and the use of stilboestrol, antibiotics, and chemo
therapeutic agents.

In this paper 6 cases are presented which serve to illustrate
certain aspects of the infection:

CASE REPORTS

Case 1

R.e., Coloured female, aged 29 years. This patient developed
a small painful mass in her left breast 3 weeks after the birth of
her second child in a maternity institution. Her breasts were small
and underdeveloped, lactation was poor, and the child had been
bottle-fed after a few unsuccessful attempts at breast feeding.
One week later she was referred' to the hospital for treatment.

The abscess was incised and drained. Postoperatively there
was brisk bleeding from the incision. The blood loss was suffi-


