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BY 
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National Institute for Medical Research, London. 

During a period of 10 years (1937-1947) 10 different viruses were isolated at the Yellow 
Fever Research Institute (now Virus Research Institute), Entebbe, Uganda. Two of these, 
yellow fever and Rift Valley fever virus, had been studied in considerable detail prior to 
their isolations in Uganda, but the nature of the Uganda isolations has greatly helped to 
unravel the natural history of the former and suggested some epidemiological links which 
may be of importance in the development of our knowledge of the epidemiology of the latter. 
Of the remaining eight viruses, all were thought to be hitherto unknown agents and subsequent 
studies confirmed this belief except in the case of one of them, namely Mengo encephalomy- 
elitis virus, which was shown to be related to the Columbia SK, MM and encephalomyocarditis 
viruses (DICK, 1949; WARREN, SMADEL and Russ, 1949; OLITSKY and YAGER, 1949). 

Perhaps the most formidable thing about these recently discovered viruses are the 
names which they have been given, for all of them except Uganda S virus have been called 
after the local geographical name of the place where the isolations were made. Their names, 
the year of their isolation and those responsible for their discovery are as follows : 

Name of Virus Year first Isolated Investigators 

1. Bwamba fever 1937 
2. "Semliki Forest 1942 
3. Bunyamwera 1943 
4. Ntaya 1943 
5. Uganda S 1947 
6. Zika 1947 
7. Mengo 1946 
8. West Nile 1937 

Smithburn, Mahaffy & Paul (1941) 
Smithburn & Haddow (1944) 
Smithburn, Haddow & Mahaffy (1946) 
Smithburn & Haddow (1951) 
Dick & Haddow (1952) 
Dick, Kitchen & Haddow (1952) 
Dick, Smithburn & Haddow (1948) 
Smithbum, Hughes, Burke & Paul (1940) 
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1 4  S O M E  V I R U S E S  I S O L A T E D  I N  U G A N D A  

The first five of these viruses were isolated from material collected in Bwamba county 
in the Western province of Uganda, Zika and Mengo viruses were isolated in the Entebbe 
area, while West Nile virus, as its name implies, came from the West Nile district (Map). 
The fact that the isolations were made in these three areas does not necessarily reflect a 
prevalence of viruses there, but merely indicates areas in Uganda where intensive yellow 
fever studies have been made; all the agents which have been mentioned are, as it were, 
by-products of yellow fever research, for all of them were isolated incidentally to experiments 
planned primarily to recover yellow fever virus. 
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Map showing districts of Uganda 

It would be quite impossible in the time and space available to review these viruses in 
detail and so what I propose to do is to discuss some of the observations which have been 
made in relation to their epidemiology, to present some aspects of the problem which may 
provoke discussion and elucidation, and to record a considerable amount of data which has 
not up to now been published. In the first place, however, I would like to summarize from 
what sources the viruses with which we will be concerned were isolated, and to discuss the 
evidence on which rests the belief that man and/or animals play some part in their natural history. 
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G. W. A. DICK 15 

ISOLATION OF VIRUSES 

Yellow fever, Rift Valley fever, Bwamba fever, West Nile and Mengo viruses have all been isolated 
from the blood of human beings. Although most searched for, only one human isolation of yellow 
fever virus has been made in Uganda (MAHAFFY, SMITHBURN, JACOBS and GILLETT, 1942) and all the 
isolations of Rift Valley fever made in that country have been from laboratory workers (SMITHBURN, 
MAHAFFY, HADDOW, KITCHEN and SMITH, 1949). Nine strains of Bwamba fever virus were isolated 
from as many immigrant African labourers in Bwamba, Uganda (Map), all of whom presented a similar 
clinical picture characterised by low grade pyrexia for 2 to 5 days, with headache and backache, followed 
by rapid and complete recovery (SMITHBURN et al., 1941). The  first isolation of West Nile virus was 
made from the serum of a woman from Idu, Uganda (Map), who had a slight temperature (100.6°F.) 
but no other signs of infection and who insisted that she was not ill. More recently, MELNICK, PAUL, 
RIORDAN, BARNETT, GOLDBLUM and ZABIN (1952) have isolated three strains of West Nile virus from 
Egyptian children who lived 30 kin. north of Cairo. They were in a group of children being bled for 
an antibody study and there was no evidence that they were severely ill when the blood was taken. 
In the case of Mengo virus, one isolation of this agent was made in Uganda from a European with an 
acute encephalitis (DICK, BEST, HADDOW and SMITHBURN, 1948) and recently KOCH (1950) claims to 
have isolated four strains of a closely related virus from four children in Germany. Two of these 
strains (FAITZ and SENGER) which the late Dr. G. M. FINDLAY sent me, were closely related to, if not 
identical with Mengo virus, as evidenced by their immunogenic properties and pathogenicity for monkeys 
(DICK, 1948) and this has been confirmed by BIELINC (1950) who identified all four strains as belonging 
to the Col-SK group. 

In all cases studied all persons from whom any of these five viruses have been isolated have de- 
veloped specific antibody in high titre during convalescence to the virus isolated from their blood. 

Isolation of virus from monkeys 
The use of sentinel rhesus monkeys held captive in the canopy of forested areas has led not only 

to several isolations of yellow fever virus from rhesus monkeys (SMITHBUaN, HADDOW and LUMSDEN, 
1949) but also to the isolation of Zika virus (DICK et al., 1952). Two isolations of Mengo virus from 
rhesus monkeys held captive at ground level have been already described (DICK et al., 1948) and a 
third strain from rhesus monkeys was recovered from the blood of a monkey found dead in the monkey 
runs at Entebbe in June 1950. In December 1951 three additional strains of Mango virus were re- 
covered from rhesus monkeys which had been housed in the compound of the Entebbe laboratory, all 
of which had died suddenly without previous signs of illness (HoRGAN, 1952). 

As in the case of viruses isolated from human sera, all monkeys naturally infected with any of these 
viruses from whom convalescent blood was obtained developed antibody during convalescence to the 
agents isolated. 

Isolation of viruses from mosquitoes 
In addition to these isolations of viruses from human beings and monkeys, all of these viruses 

which we have so far mentioned have also been isolated from mosquitoes with the exception of West 
Nile virus. It  will be remembered that the first instance in which a mosquito other than Aedes (Stegomyia) 
aegypti Linnaeus was incriminated in the human cycle of yellow fever in Africa was made by MAHAFEY 
et al. (1942), who first isolated yellow fever virus from A. (S.) simpsoni Theobald in Bwamba, Uganda. 
This was repeated (SMITHBUaN and HADDOW, 1946) in an area where the entire population had been 
vaccinated, and this finding turned the attention of the Entebbe group of investigators to the forest 
and the series of studies which finally incriminated A. (S.) africanus Theobald as the principal vector 
and insect host of the virus in, one should add, Bwamba county, Uganda (SMITHBURN et al., 1949a) are I 
am sure well known to all of you. 

DAImNEY and HUDSON (1931, 1933) who first isolated the virus of Rift Valley fever inferred from 
circumstantial evidence that the virus was transmitted by mosquitoes, but the first unequivocal isolation 
of Rift Valley fever from naturally infected wild caught mosquitoes was not accomplished till 1944 
when SMITHBURN, HADDOW and GILLETT (1948) isolated this virus six times from different lots of 
mosquitoes taken during a period of 39 days in a circumscribed uninhabited area of the Semliki Forest 
(Map). These isolations were made once from A. (S.) dendrophilus Edw. twice from A. (Aedimorphus) 
tarsalis Newst. group and three times in three successive catches from Eretmapodites spp. The  signifi- 
cance of these isolations and of certain transmission experiments with Rift Valley fever virus will be 
discussed later. 

In 1946 Mengo virus was isolated by DICK et al. (1948) from a mixed lot of Taeniorhynchus spp. 
and again from Taeniorhynchus in 1950 after the third isolation of Mengo virus had been made from a 
rhesus monkey. At that time a series of nightly catches were made by Dr. A. J. HADDOW (unpublished) 
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16 SOME VIRUSES ISOLATED IN UGANDA 

in and near the monkey runs and suspensions of the mosquitoes taken were grouped by species and 
inoculated into mice. The total number inoculated was 36,638, the majority of which were T. (M.) 
africanus (5,162) and T. (M.) uniformis (920). Mengo virus was isolated from four lots of T. (C.)fuscopen- 
natus and from one lot of T. (M.) uniformis. In passing it should be noted that, with the exception 
of this single isolation from T. (M.) uniformis, of the many thousands of mosquitoes which have been 
inoculated into mice in yellow fever studies, Mengo virus has never been isolated from any species of 
mosquito other than T. fuscopennatus and on one occasion from a lot of mosquitoes containing that 
species. 

Zika virus was isolated from A. africanus by Dr. S. F. KITCHEN about 8 months after the original 
isolation of that virus (DICK et al., 1952). 

Of the other four recently isolated viruses, namely Semliki Forest, Bunyamwera, Ntaya and Uganda 
S, no isolations have so far been made other than from mosquitoes. These mosquito isolations were 
as follows: Ntaya from 1,318 mosquitoes of mixed genera, Bunyamwera from 4,114 Aedes belonging 
to 14 species, Semliki Forest from a lot of 130 A. (A.) abnormalis Theobald group and Uganda S 
virus from a suspension of A. (Finlaya) longipalpis Grfinb., A. (F.) ingrami Edw. and A. (A.) natronius 
Edw. 

Isolations from other species 
In addition to the above isolations Mengo virus was isolated in 1947 from the serum of a mongoose 

(DICK et al., 1948) and from the nature of that isolation it does not appear likely that this was due to 
the misinterpretation of a laboratory contamination which has been known to occur with the Mengo 
group of viruses. The other isolation which might be mentioned in passing is that of yellow fever 
virus from a suspension of Phlebotomus spp. captured during an epizootic when the virus was repeatedly 
obtained from sentinel monkeys and ~/. africanus (SMITHBURN, ItADDOW and LUMSDEN, 1949). 

All of the isolations which I have noted were made by the intracerebral inoculation of mice since 
that was one of the techniques employed in attempting isolations of yellow fever virus which, as has 
been mentioned, was the primary object in all investigations which first turned up these recently dis- 
covered agents. The marked neurotropism of certain of the viruses may be due as much to the develop- 
ment of a neurotropic variant as a result of the method of isolation and passage as to any naturally 
neurotropic character of the virus concerned. 

EVIDENCE OF I N F E C T I O N  OF M A N  

The best evidence that man may be infected with these agents is obtained from the 
isolation of the viruses from human material and the demonstration where possible that 
antibody to the agent isolated has developed in convalescence. The second method is by 
the demonstration of a rise in antibody when sera taken at intervals are compared and the 
third is the " survey method " in which single samples of sera are tested for antibody. There 
is good evidence that man becomes infected with yellow fever, Rift Valley fever, Bwamba 
fever, West Nile virus and Mengo encephalomyelitis virus as shown by the primary virus 
isolations of these agents from human beings and the subsequent development of antibody 
to the virus isolated. With the knowledge of the antibody levels obtained after natural 
infection it is possible to fix a level of antibody arbitrarily which may be used to interpret 
the results of antibody surveys in which only single serum samples are available. 

I t  is well realized that there are several objections to the " survey method " in which 
only one serum is available from each donor. Perhaps the most important is that it may be 
argued that what is being measured is not specific antibody to the virus being studied, but 
is antibody to a related virus or is a non-specific neutralizing substance. I am prepared to 
accept that the finding of antibody to a given virus in a single specimen of serum is not 
conclusive proof that the individual donating the serum had been infected. The very nature 
of such a finding is not susceptible to absolute proof. I t  does seem reasonable, however, to 
assume that if antibody levels of the same order as are found in those convalescent from 
infection with one of the viruses are found in individuals who might be expected to be exposed 
to infection but not among people not likely to be exposed, then it is probable that those with 
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G. W.A. DICK 17 

the antibody have had previous experience with the virus concerned, always provided that 
(a) non-specific neutralization has been excluded and (b) that antigenically closely related 
virus is not responsible for the antibody. Very little is known of the possible influence of 
non-specific neutralizing substance in the interpretation of the results of human surveys with 
the viruses we are discussing with the exception of yellow fever. That the results of yellow 
fever surveys are highly specific may be concluded from the observations, e.g. that only two 
samples (both from India) of 876 specimens of serum collected from India, Australia, Syria 
and the Far East neutralized yellow fever virus, and that of 481 sera from countries of Europe 
and North America only one neutralized the virus (SAWYER, BAUER and WHITMAN, 1937). 
These studies indicate that the non-specific factor is of a low order if indeed it is non-specific 
for there are many sources of error which might account for these findings other than non- 
specific neutralization. 

In the case of the other viruses about which less information is available there is no 
reason to postulate that surveys have measured a non-specific factor. In general the absence 
of antibody among people in areas where the viruses are believed not to be present gives one 
confidence in the interpretation of positive results. The odd positive result has to be inter- 
preted with caution. Although further studies of sera from other areas are required, the 
widely distributed positive results of antibody studies which I shall present for certain parts 
of Africa permit, I believe, of only one interpretation, namely previous infection. My own 
studies and those of SMITHBURN and MAHAFFY (1952) have shown that no neutralizing 
substances to Bwamba fever have been found in sera from residents of the United Kingdom 
or New York, and the failure of four pools of human -(-globulin prepared in the U.S. to 
neutralize West Nile virus (MELNICK et al., 1952), all confirm one in the belief that the 
antibody survey studies which have been made give valid evidence of previous contact with 
the virus concerned. With regard to antibody to a related virus being interpreted as being 
due to the virus under study, I do not think that this is likely with any of the viruses we are 
discussing (SMITHBURN, 1952) except perhaps in the case of West Nile virus which is anti- 
genically closely related to Japanese B and St. Louis viruses. 

With Bunyamwera, Semliki Forest, Ntaya, Uganda S and Zika viruses, which have not 
so far been isolated from man, it may be argued that the finding of antibody in human beings 
is perhaps only presumptive evidence of previous infection with these agents. The level 
of antibody which is taken as an indication of previous infection with these viruses is purely 
arbitrary, in part based on the response of human beings to similar types of viruses and in 
part from extrapolation from animal experiments. The results of all such antibody studies 
must be interpreted with caution till information is available on rising titres of antibody 
after infection, or the isolation of virus from human beings. 

Before dealing with the evidence and interpretation of experiments indicating infection 
of animals with the African viruses, there is one very important aspect of the interpretation 
of antibody studies with yellow fever virus in human beings to which I would like to refer. 
It must never be forgotten that vaccination with 17D vaccine will produce about the same 
level of neutralizing antibody as a natural infection with yellow fever virus. The antibody 
response to vaccination cannot be distinguished from that of a natural infection except by 
complement fixation test (CFT), for vaccination is not normally followed by the development 
of CF antibody (LENNETTE and PERLOWAGORA, 1943). CF antibody is usually present in 
recent natural infections which have occurred perhaps up to 1 year prior to the date of the 
test. So in general the CFT is not of any help in distinguishing antibody due to vaccination 
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18 SOME VIRUSES ISOLATED IN UGANDA 

or natural infection several years previously. It is necessary to remember that large numbers 
of Africans were vaccinated when soldiers during the last war. Thus, in Uganda, in addition 
to the civilian vaccination campaigns made in the Toro district (DICK and GEE, 1952) 
there were 77,505 Africans enlisted during World War II (J. S. CHAMPION, personal communi- 
cation) the majority of whom were vaccinated when soldiers. It would seem then that 
of a population of 1,383,446 Africans in Uganda at least 200,000 (or about 5 per cent.) have 
antibody as a result of vaccination based on the 9 year durability of demonstrable antibody 
(DICK and GEE, 1952). In all yellow fever surveys which have been made since the war, 
attempts have been made to exclude ex-soldiers but this may not always have been achieved 
and the influence of previous vaccination in the Army on the immunity rates (as measured by 
neutralizing antibody) in any one district would be dependent on the percentage of the adult 
male population of the district who were enlisted. In Uganda, e.g., the highest percentage 
of enlisted men came from the West Nile and Acholi districts (12 per cent.) as compared 
with 4 per cent. of residents of the Buganda kingdom* (J. S. CHAMPION) and thus the chance 
of an adult male having been vaccinated in the Army is three times greater in West Nile and 
Acholi than in Buganda. I have no fignres for the extent of vaccinations in other territories 
with the exception of Kenya, where of the total population of 5,251,000 (1948 census)10 per 
cent. have probably been vaccinated as civilians (HOROAN, 1952) and perhaps considerably 
more if enlisted persons are included. 

EVIDENCE OF I N F E C T I O N  I N  A N I M A L S  

No isolations of any virus have been made from indigenous African mammals with the 
exception of the isolation of Mengo virus from a mongoose. The nature of the isolations 
of yellow fever, Zika and Mengo viruses from captive rhesus monkeys leaves no doubt, 
however, that they were naturally infected with these viruses. We can interpret the results 
of antibody surveys in monkeys as in human beings on the basis of information obtained 
from natural infection. In addition, however, species found in nature to have neutralizing 
antibody can be tested for susceptibility to the virus concerned by inoculation or by the bite 
of an infected insect, and the rate of virus multiplication and subsequent antibody level 
reached may also be measured. It is thus possible in the case of animals to study the signi- 
ficance of the finding of antibody in relation to (a) the specificity of the antibody and (b) the 
presence of antibody being evidence of immunity, which is obviously not possible with 
human beings. 

In testing the susceptibility of an animal (as evidenced by virus multiplication) it is 
important that as far as possible the test virus should be " wild " unadapted virus. LAEM- 
MERT (1943) and WADDELL and TAYLOR (1948) showed that the response of marmosets in 
South America was dependent on the strain of virus used and this variability of response to 
the strain used is evident in the case of bush-babies in Africa from a comparison of some of 
my experiments with those of SMITHBURN (1949a). SMITHBURN using Asibi virus found 
that Galago crassicaudatus lasiotis Peters was highly susceptible to inoculation of this strain 
of virus, and excluding deaths complicated by extraneous factors 11 of 21, or 52.4 per cent., 
of the animals which he inoculated died. In my own experiments using a comparable 
quantity of a strain of virus isolated in Uganda (SMITHBURN and HADI~OW, 1946) I found 
that both G.c. lasiotis and G.c.panganiensis (Matschie) were highly susceptible to inoculation 

* Mengo, Masaka and Mubende districts. 
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G. w. A. DmX 19 

of virus, but in my series there was no mortality of eight animals inoculated with the Uganda 
strain of virus, while 2/2 galagos inoculated with comparable doses of Asibi virus died.* 

In general the finding of antibody in wild animals known to be susceptible to inoculation 
of virus is accepted as evidence of previous infection with the virus being studied. I would 
stress the phrase " known to be susceptible " for although, for example, neutralizing antibody 
to yellow fever has been found in the sera of cows (MACCALLUM and I¢INDLA¥, 1937), sheep 
(SMITH, 1940), the red river hog, hyrax and mongoose (DICK, 1952a), none of these animals 
is susceptible to inoculation of virus. I mention this point for only recently (CARMICHAEL, 
1952) it was implied that the finding of antibody in cows etc. was evidence of previous 
infection with the virus. The  finding of non-specific neutralizing antibody in animals does 
Trot necessarily preclude the possibility that the animal may nevertheless be susceptible. 

The  type of experiments which have established the susceptibility or resistance of 
African animals to yellow fever have been described in detail (SMITHBURN and HADDOW, 1949; 
SMITHBURN et al., 1949a; DICK, 1952b). Since the information which I shall give on 
Bwamba fever immunity in monkeys has not been previously published I would like to 
present the evidence on which the epidemiological observations were based. In  1945 
Dr. A. F. MAHAFFY tested some monkey sera against Bwamba fever virus and showed that 
some of the sera neutralized the virus in high titre. The  question then arose as to whether 
the species concerned were susceptible to infection with the virus and what level of antibody 
could with confidence be taken as evidence of previous infection. Unless the natural infection 
can be followed the figure taken is, as I have already said, only arbitrary. By following the 
type of experiment which I shall describe, a level may be chosen, however, which would 
seem to be a reasonable basis for the interpretation of immunity surveys. 

, ~  Two Cercopithecus aethiops centralis Neumann and one C. ascanius schmidti 
Matschie were bled and then inoculated with a small dose of early-passage mouse- 
brain Bwamba fever virus (no unadapted virus being available). The animals were 
subsequently bled daily and dilutions of serum inoculated intracerebrally into mice. 
It was found from the mortality of the inoculated mice that all the monkeys had 
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Showing the average virus titre of virus in the serum of 3 monkeys 
inoculated with Bwamba fever virus, and the subsequent titre of anti- 
body in serum of individual monkeys. All sera tested for antibody in 
one test except those indicated by a circle. 

. . . .  virus titre ; o--o , q- . . . .  q-, x . . . .  x antibody titre. 

virus in their blood streams 
for 1 week and that multi- 
plication of virus had taken 
place reaching a peak on the 
3rd to 5th days (Fig.). All 
the monkeys were bled at 
various intervals during 
convalescence and the maj- 
ority of the sera from these 
samples were tested for anti- 
body in one test. The 
levels of antibody obtained 
in each serum are shown in 
the figure. 

The normal control 
serum on which the antibody 
levels were calculated was a 
pool from rhesus monkeys. 
It will be seen that all the 
pre-inoculation sera neutral- 
ized a small quantity of virus 
as compared with the rhesus 
serum. 

There is no evidence that the emerald green colouration of the serum which develops in bush- 
babies after inoculation of Asibi virus is due to anything other than bile pigments (Professor Eric 
HOLMES, personal communication). 
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20 SOME VIRUSES ISOLATED IN UGANDA 

Before reaching an arbitrary level of  antibody which  was acceptable in the interpretat ion of  the 
results of  antibody surveys, it was necessary to find out  how repeatable were the end point  t i trations 
of  virus mixed  with pre- inoculat ion or immune  sera. I have found only one p resumed  normal  monkey  
whose serum neutral ized as m u c h  as 0 . 7  logs of virus and that was the pre- inoculat ion serum of the 
red-tail  monkey  recorded in the above exper iment  (it should be noted that  at the t ime this exper iment  
was done the importance of heat inactivation of sera was not  appreciated, such inactivation migh t  have 
reduced this small amount  of presumably  non-specific neutralization of  this pre- inoculat ion serum). 
I t  was also shown that  up to 3 years after the t ime of immunisat ion the  sera of  the three inoculated 
monkeys consistently neutral ized 2 or more  logs of  Bwamba fever virus bu t  not  any of  the other  Afr ican 
viruses. F r o m  these experiments  it was concluded that  if  the serum of  a wild monkey  neutral ized 
100 LDs0 or more of  virus, it was good evidence that  the monkey  had had a previous infection with  
Bwamba fever  virus. T h e  interpretat ion of  the finding of  antibody in monkeys to other  viruses which 
will be recorded is based on similar types of evidence. 

EVIDENCE OF INFECTION IN MOSQUITOES 

The finding of virus in a mosquito is not evidence that the mosquito is infected with 
the virus, using the word infected to connote multiplication and invasion of the tissues with 
the virus, and before an infected mosquito can be implicated as a vector it must be shown 
to be capable of transmission. This has been adequately established for several species of 
known and suspected importance in the transmission of yellow fever, and both species from 
which yellow fever virus has been isolated in Uganda have been found to be efficient vectors. 
Although Mengo virus has been isolated on several occasions from Taeniorhynchus spp., 
GILLETT and I have failed to transmit this virus with T. fuscopennatus, T. uniformis or with 
T. africanus. We showed that while the virus could be recovered from the stomachs of 
mosquitoes up to 8 days after an infective feed, there was no evidence of infection of the 
insects. The failure to transmit in these experiments would not appear to be due to the 
fact that the virus used was not freshly isolated, for the virus we employed had been passed 
only once in mice and subsequently two or more times in rhesus monkeys and it would appear 
from these experiments that the virus in these mosquitoes was being carried mechanically. 
In this respect it is of interest to recall that while DAUBNEY and HUDSON (1933) noted that a 
lamb inoculated with a suspension of wild-caught T. fuscopennatus became immune to Rift 
Valley fever, SMITHBURN et al. (1949b) failed to transmit Rift Valley fever with that species, 
although they qualified this failure with the observation that their experiments were incon- 
clusive because of technical difficulties. (As far as I know T. fuscopennatus has never been 
incriminated as a vector of any disease.) 

Before leaving this subject I would like to mention that although Zika virus was isolated 
from A. africanus it is quite possible that A. africanus is not a vector of this virus. I say this 
because the monkey from which Zika virus was isolated was caged at the time of the virus 
isolation in a type of cage which A. africanus does not enter (HADDOW, SMITHBURN, DICK, 
KITCHEN and LUMSDEN, 1948). While no sentinel rhesus monkey became infected with 
yellow fever while caged (presumably because A. africanus did not enter the cages) it seems 
unlikely that a caged monkey would be infected with A. africanus carrying Zika virus. 

There is no direct evidence of the mosquito vector of any of the other viruses which 
we are discussing, except poSsibly West Nile virus which has been shown by PHILIP and 
SMADEL (1943) to be transmitted by Aedes albopictus. It is, however, probable that mosquitoes 
from which viruses are isolated are more likely than other mosquitoes to be vectors. With 
these preliminary remarks I would now like to discuss certain aspects of the viruses individu- 
ally. 
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EPIDEMIOLOGY 
YELLOW FEVER 

I have already indicated that  previous vaccination mus t  be rigorously excluded in Uganda  
and in Kenya  and also in other African territories before the finding of a person with yellow 
fever neutralizing ant ibody can be considered to have been naturally infected. I would also 
like to stress that the finding of an adult with ant ibody at place " x " does not necessarily 
mean that  infection has occurred at place " x ". Very great care mus t  be taken to exclude 
the possibility that the donor has not moved considerably in other areas. As a specific 
example it may be noted that  it is the custom of certain African males to seek work far f rom 
their homes. In  Uganda this movemen t  is most  marked in the case of members  of the West  
Nile and Acholi tribes.* 

In  a recent s tudy of the epidemiology of yellow fever in the West  Nile district by LUMSDEN 
and BUXTON (1951) it was suggested that  in that  district there was a greater risk of exposure 
of males than females to infection with yellow fever.~" Now while this may  be the correct 
interpretation of their  results, and while they exercised the most  meticulous care in a t tempting 
to exclude vaccinated males f rom their samples, and also showed that in their sample the 
average age of immune  males was not significantly different f rom that  of non- immune  males, 
it seems to me in view of what  I have noted about  (a) the t remendous movement  of West  
Nile males to other districts and" (b) the high percentage of vaccinated ex-soldiers in the 
West  Nile district, that  the sex difference in the immuni ty  rates in West  Nile may be due to 
(a) exposure of males to infection in areas outside West  Nile and/or (b) to vaccination. HORGAN 
(Ann. Rep., 1952) also draws attention to this point in showing that  in examining a r andom 
sample of individuals in the Mombasa  (Kenya coast) vaccination registers it was found that  
25 per cent. were mid-Kenya ,  12 per  cent. West  Kenya and 9 .2  per  cent. West  Tanganyika  
tribes. In  any interpretation of yellow fever immuni ty  surveys in Kenya this possibility 
must  be borne  in mind. 

Very extensive studies have been made on the distribution of human  immuni ty  to yellow 
fever in Africa (SAWYER and WHITMAN, 1936; MAHAFFY, SMITHBURN and HUGHES, 1946; 
SMITHBURN, GOODNER, DICK, KITCHEN and Ross, 1949; DICK, 1950; HORGAN, 1951, 1952) 
but  it is only in Uganda that the epidemiology of sylvan yellow fever has so far been adequately 
studied. I t  would appear  that  in that  country relatively few human  infections of yellow 

* It is estimated from figures supplied by the Commission of Labour, Uganda, that approximately 
1,000 West Nile natives pass monthly through Butiaba (on Lake Albert)(Map)on their way south, and 
that between 80 and 90 per cent. of these are adult males. The numbers escaping this check point 
and moving south by other routes is not known but is probably considerable. Furthermore, of the 
total population (108,380) of Bunyoro (Map) at the time of the 1948 census, 13,080 were members 
of West Nile tribes. When it is remembered that the total male population of West Nile district 
(including Madi) is 336,063, some concept of the permanency of residence of adult males in that area 
may be realized. 

An analysis of the immunity rates as measured by antibody studies of all adults sampled in all 
surveys made in Uganda since 1944, excluding where possible ex-Askaris and those admitting previous 
vaccination, showed that of 687 samples from males, 48 had antibody and of 456 from females, 19 had 
antibody (these figures are based on unpublished data from the Virus Research Institute, Entebbe, 
and include the West Nile survey of LVMSDEN and BUXTON (1951)). The difference in the male and 
female immunity rates are significant (X 2 = 3.9 p < .  05 > . 02) but if one considers the districts indi- 
vidually from which the samples were taken, only in the West Nile district is a significant difference 
found and furthermore there is no significant difference in the total male and female immune rates 
in all other districts combined if the West Nile sample is excluded. 
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22 SOME VIRUSES ISOLATED I N  UGANDA 

fever have occurred outside of Bwamba county and on the islands of Lake Victoria, in both 
of which places high immunity rates have been found in adults and children. Only in 
Bwamba is there good evidence of an endemic focus of yellow fever among human beings 
(MAHAFFY et al., 1946; DICK, 1950). On the other hand, it has been shown by HADDOW, 
DICK, LVMSDEN and SMITHBVRN (1951) that yellow fever is enzootic among the monkey 
population in all the areas of lowland rain-forest in Uganda which have been adequately 
studied. The total immunity rate for monkeys sampled in the forests and forested areas 
(mainly in the western half of Uganda) was 43.7 per cent. Excluding the Acholi, Karamojoa, 
Teso, Mbale, Busoga and Lango districts (Map) from which adequate samples from both man 
and monkeys have not been obtained, and also excluding Bwamba (where vaccinations of 
human beings were done in 1941), the comparative rates for the rest of Uganda are 39 per 
cent. for monkeys and 6 per cent. for human beings; this latter figure is probably con- 
siderably influenced by the inclusion of vaccinated persons in some of the samples. 

In Table I are presented a comparison of the immunity rates among monkeys in certain 
forests of Uganda from HADDOW et al. (1951) and the rates among people living in close 
proximity to those forests*. 

TABLE I. Comparison of immunity rates among humans on the edge of forests and of monkeys within 
these forests. 

Forest or forested 
District area at 

Mengo Entebbe* 
Masaka Sango Bay 
Toro Kibale 

Itwara 
Bwamba Lowlandst 

Bunyoro Budongo 
Bugoma 

Ankole Kalinzu 
Kigezi Kayonza 

Human sample 
No. 

immune ~o 
immune 

No. tested 

3/179 1.7 
0/31 0 
6/77 7.8 
3/35 8.6 

76/136 56.0 
1/71 1.4 
1/50 2.0 
0/28 o 
1/18 5.6 

Monkey samplet~ 
No. 

immune ~o 
immune 

No. tested 

30/66 45.5 
2/21 9.5 
21/49 42.8 

1/14 7.1 
154/277 55.6 
13/26 50.0 
4/20 20.0 
7/17 41.2 
1/6 

* Old Entebbe, Zika and Kitinda. 
Children of estimated age of 3 years living on forest edges or near forest. 

t t  From HADDOW, DICK et al. (1951). 

From the above results there appears to be no association between the immunity rates 
among monkeys in any of the forests listed and of the humans resident on the edges of those 
forests. Thus, in Bwamba 55.5 per cent. of lowland monkeys were immune, compared 
with 56 per cent. of children of 3 years of age who lived near the forest, while in the forested 
areas around Entebbe and in the Kalinzu, Budongo and Kibale forests, though the rates 
among monkeys were of the same order as those of the Bwamba lowlands, the rates for humans 
of all ages living in those areas were 1.7, 0, 1.4 and 7.8 per cent. (the last percentage being 
probably weighted by immunity resulting from vaccinations made in the Toro district). 

e With the exception of a few of the Zika samples and the Kigezi samples collected and tested by 
members of the staff of the Virus Research Institute, all human sera were collected by the writer in 
1946-1947 and tested by the writer or by Dr. K. C. SMITHBURN. 
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G. W. A. DICK 23  

It would also appear that in those areas of Uganda which have been adequately studied yellow 
fever is primarily a disease of monkeys except in Bwamba county and also possibly on the 
islands of Lake Victoria (MAHAFFY et al., 1946.) 

Before attempting to give the reasons for the high human immunity rates in Bwamba as 
compared with the low rates in other areas, it is well to recall what is known of the epidemi- 
ology of yellow fever in Uganda. From studies made by SMITHBURN et al. (194%) it seems 
probable that A. africanus is the principal sylvan vector and reservoir of yellow fever virus 
in Bwamba. Furthermore, A. africanus has been taken in all the forests recorded in Table I 
and in all other forested areas where immune monkeys have been found (HADDOW, unpub- 
lished; LUMSDEN and BUXTON, 1951). It seems reasonable, therefore, to assume that 
A. africanus is responsible for the transmission of virus to monkeys and for the maintenance 
of virus in all those areas of Uganda where climatic conditions enable adult A. africanus to 
survive throughout the year. HADDOW and MAHAFFY (1949) have shown that in Bwamba 
A. africanus survives in the adult state throughout the dry season, and it has been shown to 
be present continuously throughout the year in the adult state in the forested areas around 
Entebbe (HADDOW, unpublished). It is probable that a similar situation exists in other 
blocks of lowland rain-forest in Uganda, which include all the forested areas listed in Table I. 

In the human cycle of yellow fever in Uganda, MAHAFFY et al. (1942) incriminated 
A. (S) simpsoni Theobald as a vector in Bwamba county. It was postulated by HADDOW et al. 
(1947) that in Bwamba man became infected by the transference of virus from infected 
monkeys by A. simpsoni. Since A. simpsoni has only occasionally been taken in the forest 
canopy (HADDOW, 1950), the route of infection of man appeared to be from a plantation- 
raiding monkey which was bitten by A. simpsoni at or near ground level. The transmission of 
infection from man to man in Bwamba is believed to be by A. simpsoni, which could presum- 
ably also act as a reservoir of virus throughout much of the year. Therefore, in Bwamba 
the disease can be maintained endemically both in monkeys and in human beings*. 

Excluding the Lake islands and the drier areas of Uganda about which there is little 
information, it may be seen from the results presented above that the immunity rates among 
human beings on the edges of forests in all other parts of Uganda outside Bwamba are 
low. Now A. simpsoni larvae have been taken in plantations on the edges of all the forests 
recorded in the Table (HADDOW, unpublished). The question therefore arose of why, if 
A. simpsoni is the human vector in areas of Uganda other than Bwamba, so few infections 
occur among humans residing in areas where A. simpsoni is present on the edges of forests 
in which high rates of immunity are found in monkeys. It was originally thought that the 
differences in the human immunity rates in Bwamba compared with those in other areas 
of lowland forest might be due to one or other of the following factors, or to a combination 
of them both: (i) a variation in the contact of infected monkeys with A. simpsoni and man 
(HADDOW et al., 1951); (ii) differences in (a) the density of A. simpsoni (HADDOW et al., 1951) 
or (b) the efficiency of A. simpsoni as a vector in the various areas. In the Entebbe area 
(a) monkeys of the forests are 45.5 per cent. immune (HADDOW et al., 1951), (b) native 
plantations are in many places contiguous with forest, (c) in 1941 A. simpsoni was prevalent 
(GILLETT, 1951), (d) monkeys frequently raid plantations; and yet only three immune 
persons have been found there in a sample of 179. It seemed, therefore, that the relative 

e It seems that the postulate made by DICK (1950) that some reservoir other than mosquitoes 
was required in Bwamba to maintain an endemicity of infection is not necessary to explain the epidemio- 
logical picture there. 
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24 SOME VIRUSES ISOLATED IN UGANDA 

absence of human yellow fever in the Entebbe area must be related to the efficiency of A. 
simpsonias a vector. GILLETT, however, pointed out (HADDOW et al., 1951) that observations 
which he had made in 1941 had led him to believe that A. simpsoni, although prevalent in 
1941, did not bite man in the Entebbe area. He suggested that this, rather than any of the 
other reasons outlined above, might explain the low incidence of human immunity in the 
Entebbe area. Extending the studies which he made in 1941, GILLETT (1951) has suggested 
that non-human biting habits of A. simpsoni in certain areas outside Bwamba may explain 
why there are such marked differences in the human immunity rates in Bwamba as compared 
with those among people living on the edges of other lowland forests in Uganda, such as are 
listed in Table I; GILLETT (1951) concludes from further studies that A. simpsoni occurs 
as anthropophilic and presumably zoophilic populations. 

It may be, then, that only in Bwamba and at other places in Uganda with similar environ- 
mental conditions does A. simpsoni act as a vector of human yellow fever. The casual human 
infections, as indicated by immunity surveys which have occurred in all other places could 
then, as suggested by GILLETT, be explained by direct transfer of virus from monkey to 
man by a forest vector. Thus A. africanus (or other essentially arboreal vectors) may be 
responsible for the sporadic infections which have taken place among people living on the 
edges of forests in Uganda outside Bwamba. From purely epidemiological reasoning it 
seems likely that these interesting observations of GILLETT (1951) may be applicable to 
other parts of Uganda and they emphasize the importance of the biting habits as opposed 
to the mere presence of potential vectors in epidemiological studies. As far as I know there 
is no experimental evidence that A. simpsoni bites monkeys such as has been obtained with 
A. africanus in Bwamba (HADDOW and DICK, 1948). If it does not, then we might postulate 
that also in Bwamba human infections were initiated by a monkey-infected A. africanus 
biting man and that the human disease was then spread by A. simpsoni, rather than by postu- 
lating that the human cycle is started by A. simpsoni becoming infected by biting a plantation- 
raiding infected monkey. 

Little is known of the epidemiology of yellow fever in the very dry parts of Uganda; 
studies of animals in Karamoja suggest that the epidemiology of yellow fever in animals in 
that district is different from that of other parts of Uganda and resembles the state of affairs 
obtaining in Kenya where bush-babies appear tO be an important mammalian host (HADDOW, 
1952).* 

RIFT VALLEY FEVER 

Although the virus of Rift Valley fever (RVF) has been known for more than 20 years 
and has been extensively studied in the laboratory, very little is known of the epidemiology 
of the disease, and until a recent (Autumn, 1951) outbreak in South Africa (MUNDEL and 
GEAR, 1951 ; JOUBERT, FERGUSON and GEAR, 1951 ; GEAR, DE MELLON, MEASROCH, HARWIN 
and DAVIS, 1951) apart from a human volunteer experiment carried out by GARNHAM (1931) 

* It is possible that for survey work a more severe test than the delicate 1 per cent. intraperitoneal 
test (SMITHBORN, 1945) should be used which would eliminate more readily false positive or inconclusive 
results. This applies particularly to the testing of animal sera, but is also applicable to human antibody 
surveys. HADDOW (1952) in an analysis of neutralization tests on the sera of bush.babies made by 
various investigators found that 11 per cent. of the sera from bush-babies gave inconclusive results, 
and suggested possible explanations. The use of a 10 or 20 per cent. virus test and the routine heat 
inactivation of sera before test (which does not affect yellow fever antibody) might considerably reduce 
the number of inconclusive results with sera from these animals. 
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practically the entire knowledge of the disease syndrome in man had been derived from reports 
of laboratory infections which have been reviewed by SMITHBURN, MAHAFFY et al. (1949). 
No fatal uncomplicated human cases of RVF have as far as I know been described but although 
complete recovery is said to be usual, retinal complications and loss of vision as an important 
and not uncommon complication have recently been reported (FREED, 1951; SHRIRE, 1951). 
One of the cases recorded by DAUBNEY et al. (1931) also developed defective vision, and it 
would appear that the onset of eye symptoms after a febrile illness in Africa should call 
attention to the possibility of RVF as the cause. Infection of man with RVF would appear 
to be very accidental in the natural history of the disease. During the epizootic among sheep, 
cattle and probably also buck described in South Africa, it appeared that only those with 
intimate contact with infected animals or carcases contracted the disease (JoUBERT et al., 1951 ; 
GEAR et al., 1951). There is no evidence of person-to-person spread and no epidemiological 
evidence of man being infected by an insect vector. In this respect it is of interest to note 
that at the time of the isolations of RVF virus in Uganda from wild-caught mosquitoes, 
none of the 25 Africans who had acted as the mosquito bait and catchers developed antibody 
to RVF, and furthermore antibody studies on sera from 64 adults and 65 children, who were 
resident near the area where the virus was isolated, showed only two adults with conclusive 
evidence of RVF antibody in their sera, while a control area showed one positive serum in 
40 tested (SMITHBURN et al., 1948). None of 72 wild monkeys and of 2 rhesus sentinel 
monkeys in Bwamba had antibody to the virus (SMITHBURN et al., 1948). 

DAUBNEY and HUDSON (1931, 1933) produced a considerable amount of circumstantial 
evidence which suggested that the virus is transmitted to animals by mosquitoes and SMITH- 
BURN et al. (1948) not only isolated a strain of virus from Eretmapodites spp. but SMITHBuRN, 
HADDOW and LUMSDEN (1949b) also carried out a successful animal transmission experiment 
with species of the E. chrysogaster group. It seems improbable that E. chrysogaster group 
could have been responsible for the outbreaks described by DAUBNEY et al. (1931) in the Rift 
Valley of Kenya, or in the 1951 South African epizootic, for E. chrysogaster does not exist 
in the area in South Africa where the epizootic occurred (GEAR et al., 1951). I do not know 
if it is likely if mosquitoes of the A. (A.) tarsalis Newst. group, or if A. (S.) dendrophilus 
Edw., from which the virus was also isolated in Bwamba, are possible vectors in the 
Rift Valley of Kenya or in South Africa. It would appear that mosquitoes of the E. 
chrysogaster group play some part in a sylvan cycle in central Africa which involves neither 
domestic animals nor man, and that the animal vector in both Bwamba and South Africa 
is strictly zoophilic. It is not known whether infection was introduced to South Africa 
from the north or was merely a spill-over from some cycle of infection in wild animals, but 
the latter would seem to me the most likely. The disease is of considerable veterinary 
importance in view of the great loss of live stock associated with infection and the epidemiology 
requires further study. 

Protection of sheep has been accomplished in the laboratory by the use of a neurotropic 
variant of the virus (SMITHBURN, 1949b) which should be of great value as a vaccine if it 
proves efficient in field experiments, which it is understood are now in progress (HORGAN, 
1952). 

MENGO ENCEPHALOMYELITIS VIRUS 

When Mengo encephalomyelitis virus (MEV) was first discovered in Uganda it was 
thought to be a hitherto undescribed virus. Subsequent studies (DICK, 1949; WARREN, 
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26 SOME VIRUSES ISOLATED IN UGANDA 

SMADEL et al., 1949), showed that it was related to (a) the Columbia SK (Col. SK) (JUNGEBLUT 
and SANDERS, 1940) and MM viruses (JUNGEBEUT and DALLDORF, 1943) which were recovered 
in New York and were thought to be variants of poliomyelitis virus and (b) encephalomyo- 
carditis (EMC) virus which was isolated from a chimpanzee in Dania, Florida by HELWIG 
and SCHMIDT (1945). The geographical range of this group was extended to Manila by 
SMADEL and WARREN (1947). They showed that 17 of 44 Army personnel suffering from 
" 3-day fever " had appreciable amounts of specific neutralizing antibodies for EMC virus 
and that a rising titre of antibody was found in three of four persons from whom several 
samples of serum were obtained. Recently strains of this group have been isolated from 
human beings in Germany (KOCH, 1950; VIVEEL, 1952) and in Columbia (ROCA-GARCIA, 
1952) from a sick monkey (Aotus trivirgatus (HUMBOLDT)). 

Little is known of the pathogenicity of this group of agents for man apart from the illness 
in the individual from whom MEV was isolated (DICK, BEST et al., 1948) and from the cases 
described by SMADEL and WARREN (1947) and by KOCH (1950). The latter investigator 
claims not only to have isolated viruses (which proved to belong to this group) from four 
children but also to have demonstrated antibody in sera from three other children. All 
seven suffered from a somewhat indefinite febrile illness with CNS manifestations. WARREN, 
SMADEL and Russ (1949) in antibody studies with sera collected in North America record 
the finding of nine human beings with antibody to this group in 300 sera tested (3 per cent.) 
Three of the nine positive sera were from cases diagnosed as mild aseptic meningitis and five 
from patients with a mild or non-paralytic poliomyelitis. JUNGEBLUT (1950) on the other 
hand has recorded that 100 LDs0 or more of Col. SK virus was neutralized by 21 per cent. 
of sera from convalescent poliomyelitis cases and by 16 per cent. of " normal " sera. Since 
paired sera were not tested it cannot be concluded that the presence of antibody was related 
to the antecedent poliomyelitis infection. The figures obtained by JUNGEBLUT are signifi- 
cantly greater than those obtained in America by WARREN et al. (1949). 

In Africa my own studies have shown significant antibody levels in only four of 247 
(1.6 per cent.) human sera tested. Two of these positive sera were from laboratory workers 
who had considerable contact with the virus but who also were resident in close proximity 
to the monkey runs of the Virus Research Institute in which monkeys have become naturally 
infected. The other two positive sera were from children in the Budongo forest area of 
Western Uganda who had no possible opportunity of laboratory infection. SMITHBURN (1952) 
has recently reported the finding of antibody to Mengo virus in three of 28 sera collected in 
the Mengo district of Uganda, but that no other immune sera were found in 296 sera which 
he tested from other areas in Uganda and Tanganyika. MACNAMARA (1952) has found 
antibody to this virus in Nigeria as follows: 

Place No. tested 

Ilaro (S. Nigeria) 150 
Kontagora (Guinea Sarannah) 99 
Central Plateau 2 

No. positive Percent. positive 

6 4 
3 3 
1 

All of these studies with the exception of that of JUNGEBLUT (1950) indicate a low im- 
munity rate to this group in widely separated parts of the world. The demonstration that 
the members of this group of viruses could agglutinate sheep erythrocytes and that haemag- 
glutination could be inhibited by homologous immune sera has led to several studies on the 
distribution of haemagglutination inhibiting antibody in human sera by GARD and HEELER 
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(1951), JUNGEBLUT and HORVATH (1951), VIVELL, GERSTNER and YOLAGELDILI (1952), VIVELL, 
GERSTNER and SCHMIDT (1952) and others. T h e  meaning of the finding of inhibition of 
agglutination of this group by  a varying percentage of sera is not at the momen t  possible to 
interpret, as there appears to be no definite correlation between the inhibiting and neutralizing 
capacity of the sera tested. A comprehensive s tudy of the relationship of the neutralizing 
and haemagglutination-inhibit ion capacity of human  sera with this group is required so that  
it may be determined if the inhibiting capacity of the sera is due to specific antibodies or is 
non-specific in type. 

In  order to explain the natural history of the Col. S K  group it was suggested (for reasons 
discussed elsewhere (DICK, 1949)) that rats might  act as hosts of the virus. Th is  suggestion 
was strengthened by  the observation of WARREN, RUSS and JEFFRIES (1949) that  sera f rom 
83 of 422 rats (18.8 per cent.) t rapped in widely separated areas of the Uni ted  States contained 
neutralizing antibody against members  of this group. During 1950-51 a number  of rodents 
and other small mammals  were collected (for another  study) by my  late colleague A. P. BUXTON, 
in or near the Entebbe peninsula. T h e  sera f rom some of them were tested for ant ibody to 
M E V  by an intraperitoneal test similar to that  already described (DICK, SMITHBURN et al., 
1948) except that all sera in the s tudy were inactivated at 56°C. for 30 minutes prior to being 
tested. M a n y  of the sera were first tested against approximately 10 mouse intraperitoneal 
LDs0 of virus and sera found to neutralize this amount  of virus were retested against 100 or 
more  LDs0. Those  sera which neutralized 100 or more LDs0 were considered positive and 
the animals providing such sera are considered immune.  T h e  results of these tests are 
presented in Table  I I .  

TABLE II. Results of tests of sera of rodents and other small mammals in Uganda for neutralizing 
antibody to ME virus. 

Species No. tested* No. immune ~ immune 

Grammomys dryas Thomas 
Arvicanthus abyssinicus rubescens Wroughton 
Lemniscomys striatus massaicus Pagenstecher 
Aethomys kaiseri medzcatus Wroughton 
Rattus rattus kijabius Allen 
R. (Mastomys) coucha ugandae de Winton 
R. (Praomys) tullbergi jacksoni de Winton 
Lophuromys aquilus aquilus True 
L. sikapusi ansorgei de Winton 
Tatera ( Tatera) liodon smithi Wroughton 
Otomys tropicalis tropicalis Thomas 
Xerus erythropus lacustris Thomas 
X.  e. microdon Thomas 
Molossidae (Sub-order Microchiroptera) 
Nandinia binotata arborea Heller 
Genetta tigrina stuhlmanni Matschie 
Mungos mungo sub sp. 
Ichneumia albicauda ibeana Thomas 
Fells lybica ugandae Sehwann 

4 
52 
9 

33 
58 
10 
13 
17 
9 

18 
2 
3 
1 

34 
1 
1 
1 
3 
1 

0 
0 
0 
0 

10 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
17.2 
10.0 
0 
0 

0 

0 

* Number tested indicates the number of individual animals whose sera were tested. The sera 
from fourA, k. medicatus were tested in two pools, two sera from A. a. rubescens and from T. l. smithi 
were tested in two pools each of two sera. All were negative and they are recorded as eight negative 
animals. In the case of the Molossidae, 34 sera were tested in four pools of eight, seven, 10 and nine 
sera. (The four Grammomys sera were included in error in the pool containing 10 sera). All other 
sera were tested individually. 
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I t  will be seen that  although many  of the species of rodents recorded in the Table  were 
represented by generous samples, except for one specimen recorded f rom the mul t i -mammate  
rat (R. coucha ugandae), the only rodents with ant ibody were black rats (R. r. kijabius). There  
is, however, no significant difference in the immuni ty  rate in black rats as compared with 
mul t i -mammate  rats (~2 = 0.01 p = > .  90). These  observations have been confirmed by 
some more  recent studies recorded in the Annual Report  of the Virus Research Inst i tute 
(1951), (HORGAN, 1952), in which three of 29 sera of R. r. kijabius and two of three f rom 
R. c. ugandae were found to neutralize 100 LD50 of virus, but none of 26 f rom Arvicanthus 
abyssinicus or of five f rom Lophuromys sp.* 

No sera f rom small mammals ,  other than rodents, which have been tested have shown any 
demonstrable ant ibody to this group, 

All the rodents which were tested for ant ibody as indicated in Table  I1 were t rapped in 
1950 with the exception of 11 black rats which were t rapped between January and March,  
1951. Of  this latter group, five had antibody and Dr.  W. H. R. LUMSDEN drew my  attention 
to the fact that the immuni ty  rate for this group is significantly different f rom that  of  the 
black rats t rapped in 1951 of which five of 47 were positive (z 2 - 7 .6  p < . 0 1 ) .  Th is  1951 
sample had been held captive in cages for several weeks prior  to the test and it may be that  
there was transmission of virus among those rats during captivity which might  explain the 
higher immuni ty  rates. 

R. r. kijabius is not indigenous to Uganda but  found its way there probably  some t ime 
after 1911 (WATSON, 1950). I t  is thought  that  the mul t i -mammate  rat was formerly the 
prevalent hut  rat throughout  most  of Kenya and Uganda but  that during the last 30-40 years 
it has given way to the black rat, and has had to take to the open fields (WATSON, 1950). 
I t  is thus of considerable interest that  the only two rodents which were found to contain 
ant ibody were the present and past prevalent hut  rats. One can but  speculate as to whether  
the invading black rat has taken over not only the habitat of the mul t i -mammate  rat but  also 
its parasitic viruses. In  the s tudy of sera f rom Nor th  American rats (WARREN, RUSS et al., 
1949) practically all the wild rats which they examined were Rattus norvegicus but  some from 
California were R. alexandrinus. (According to WATSON (1950) it is probable  that alexandrinus 
is a synonym of kijabius). T h e  evidence f rom these antibody studies suggests then that  at 
least three species of rats may play a part  as hosts of this group of viruses. 

As I have already pointed out in regard to yellow fever, it is important  to test the suscepti-  
bility of wild animals whose sera give positive results in neutralization tests and this has  
been  done with R. r. kijabius. 

After being bled from the heart, nine of the 11 black rats trapped in 1951 were inoculated with 
20th-passage mouse brain MEV as shown in Table III .  

Some of the rats were bled at various intervals and their sera inoculated intracerebraUy to groups 
of mice to test for circulating virus as indicated (Table III).  None of the rats showed any signs of 
clinical infection but one(No. 4) died as a result of fighting on the 2nd day, and three (Nos. 3, 6 and 11) 
were killed accidentally under ether anaesthesia on the 4th and 5th days after inoculation. Samples 
of faeces and/or urine were obtained from the remainder on the 15th day after inoculation as follows : 
A pool of faeces contaminated with urine was obtained from Nos. 5 and 7 and from Nos. 8 and 9, and 
a faeces sample and  a sample of urine with probable faecal contamination was obtained from Nos. 5 
and 10 respectively. These specimens were mixed with an equal volume of 0.2 per cent. bovine 
albumin in buffered saline solution (DICK and TAYLOR, 1949) which contained 100 units of penicillin 

* It has been my experience that sera which contain neutralizing antibody to MEV invariably 
have antibody in high titre. Thus sera which neutralize 100 LD50 of virus will nearly always neutralize 
1,000 and often more than 10,000 LD50. It  is debatable whether a serum which neutralizes 10 LDso 
(HoRCAN, 1952) gives un-equivocal evidence of previous infection with MEV. 
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TABLE III. Showing results of inoculation of Rattus kijabius with Mengo virus. 

29 

Rat 
No. 

9 

8 

Pre-inoculation 
neutralization 

test 

Negative 
Negative 

Positive 

Positive 
Negative 
Positive 

Negative 
Negative 
Positive 

Route of 
inoculation 

i . c .  
i . c .  

i . c .  

i.c. 
i.p. 
i.p. 

S.C. 
S.C. 
S.C. 

LDs0 of mouse- 
brain virus 
inoculated 

30 x 106 
30 x 106 

30 x 10 6 

30 x 106 
30 x 107 
30 x 107 

1.5 x l 0  s 
1.5 x 103 
1.5 x 104 

Circulating virus 
on day 

resent Absent 

2,3,5 

2 t o  6 
(trace) 2,3,5 

Fate of rat or virus 
carriage 

Killed on day 4. 
Faeces ( +  urine) pos. 

pooled with No. 5. 
Faeces ( +  urine) neg. 

pooled with No. 8. 
Killed day 5. 
Killed day 4. 
Faeces ( +  urine) neg. 

pooled with No. 9. 
Faeces neg. 
Urine + faeces pos. 
Died fighting day 2. 

i.c. = intracerebral, i.p. = mtraperitoneal, s.c. = subcutaneous. - -  = no test. 

and 2 mg. streptomycin per ml., and were centrifuged at approximately 3,000 r.p.m, for 15 minutes. 
The  mixtures were then inoculated in 0.06 ml. quantities by the intraperitoneal route into four groups 
of five or six mice with the following, results : 

Specimen Rat Nos. Mortali ty ratio of 
inoculated mice 

Faeces 5 0/6 
Faeces + urine 5 and 7 5/5 
Faeces + urine 8 and 9 0/4 
Urine + faeces 10 4/5 

All of the inoculated mice which died showed signs of infection with MEV and in each group 
in which deaths occurred, passage was made with the brain of one mouse and the specificity of the death 
was confirmed by neutralization tests. I t  will be seen from Table I I I  that Rats 5 and 7 were both 
non-immune rats prior to inoculation and that virus was recovered from a mixture of faeces (with urine) 
of these animals, but not from a sample of faeces from Rat 5. Rat 10 was also a non-immune rat and 
from this animal virus was also recovered, while in the case of Rats 8 and 9, both immune rats prior to 
inoculation, no virus was recovered from the excreta. Unfortunately, we have no data on the serum 
antibody level of the rats at the time virus was recovered. 

T o  s u m m a r i s e  these  p r e l i m i n a r y  resul ts  i t  can be  s ta ted  tha t  rats  of  this  species  deve loped  
no cl inical  s igns  of  in fec t ion  af te r  inocu la t ion  of  large quant i t i es  of  v i rus  b u t  tha t  t hey  cou ld  
c i rcula te  v i rus  and  tha t  it  is p r o b a b l e  tha t  a n u m b e r  of  rats  were  capab le  of  excre t ing  v i rus  
in  the  faeces a n d / o r  ur ine .  ( I t  is obv ious  tha t  m o r e  quan t i t a t ive  s tud ies  on  the  excre t ion  of  
th is  v i rus  b y  rats  is r equ i red) .  I t  has  s imi la r ly  been  shown b y  JUNGEBLUT and  SANDERS (1940), 
POWELL e t  al. (1948) and  b y  WARREN, RUSS et al. (1949) tha t  fo l lowing  a mass ive  inocu la t ion  
of  Col  S K  and  E M C  vi ruses  a lb ino  rats  u n d e r g o  an i n a p p a r e n t  infect ion.  I n  contras t ,  
co t ton- ra t s  (Sigmodon hispidus subsp . )  s u c c u m b  to inocu la t ion  of  re la t ive ly  smal l  doses  of  
M E V  and  also of  E M C  vi rus  (WARREN, RUSS et al., 1949). I t  was fu r t he r  shown  b y  WARREN, 
Russ  et  al. (1949) tha t  none  of  21 sera  f rom co t ton  rats  co l lec ted  in S o u t h  Caro l ina  con ta ined  
neu t ra l i z ing  an t ibody .  T h i s  w o u l d  sugges t  t ha t  i t  is un l ike ly  tha t  Sigmodon hispidus subsp .  
p lays  any pa r t  in the  ep idemio logy  of  th is  g roup  of  v i ruses  in N o r t h  Amer ica ,  as was p rev ious ly  

sugges ted  (DICK, 1949). 

A n t i b o d y  has no t  only  been  f o u n d  in h u m a n  be ings  a n d  rats  b u t  also in  39 pe r  cent.  
rhesus  m o n k e y s  caged in open  runs  at the  Vi rus  Resea rch  Ins t i tu te ,  E n t e b b e ,  b u t  no t  in  sera 
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30 S O M E  V I R U S E S  I S O L A T E D  I N  U G A N D A  

collected from wild monkeys (DICK, SMITHBURN et al., 1948). The results of all tests which 
I have done with samples from rhesus monkeys are tabulated below according to those 
made prior to and after 1948 (Table IV). This has been done because (a) no Mengo virus 
had been handled in the laboratory from 1948 till the June, 1950, isolation already mentioned, 
and (b) because a new shipment of monkeys from India was received in December, 1948. 

TABLE IV. Results of tests for MEV antibody in rhesus monkeys at Entebbe. 

Monkeys received or born on or after Dec. 1948 

No. 40tested No.1 lP°S" ~27.pos.5 

Monkeys received or born prior to Dec. 1948 
No. tested No. pos. ~o pos. 

39 20 51.3 

Unfortunately, no early sera were available so that no more precise information on the date 
of infection of these monkeys could be obtained. It cannot be said that some of these mon- 
keys may not have had antibody before they arrived at Entebbe from India. Many of them 
had been used in yellow fever studies but 12 had never been used in any experiments and 
of these 12, five had antibody. None of 10 C. aethiops centralis purchased in 1950 had anti- 
body. Further studies recorded by HORGAN (1952) suggest that the infection rate amongst 
caged monkeys is significantly associated with the type of cage. 

Although there was evidence of a high infection rate among monkeys and rats in the 
compound of the Virus Research Institute, Entebbe, there is no evidence of any infection 
having occurred among human beings in or near the compound apart from the two infections 
among laboratory workers. It is thus perhaps not surprising that we failed to transmit the 
infection with Taeniorhynchus spp., for all these species bite man readily, they are present 
in large numbers in Entebbe and if they were vectors one would have expected to have more 
evidence of human infections. 

Before considering what may be the chain of infection between rats, monkeys and man, 
I would like to present the results of one other experiment. Rhesus monkeys can be infected 
by feeding with Mengo mouse brain virus. Two rhesus (Nos. 1015 and 1037) were fed with 
3.0 ml. of approximately 10 per cent. virus-infected mouse brain. The monkeys were bled 
daily and serum inoculated intracerebrally to mice with the results indicated in Table V, 
from which it will be seen that virus circulated from 5 to 6 days after this feeding. 

TABLE V. Showing days on which virus circulated in rhesus monkeys after feeding with Mengo virus. 

Monkey 
No. 

1015 

1037 

Mortality ratio of mice inoculated i.c. with serum taken on day. 
2 3 4 5 6 7 8 

6/6 6/6 6/6 5/5 5/5 1/6 0/6 0/6 

2/6 2/6 6/6 6/6 5/6 0/6 ? 0/6 

015 

0/6 

Although further evidence is required, the finding of virus in the excreta of rats suggests 
that monkeys caged in an area where infected rats are prevalent might become infected by 
contamination of their food or water by rat excreta, and it is possible that human infections 
with these agents may occur in the same way. Such a source of infection for captive monkeys 
would also seem to offer some explanation for the absence of infection in wild monkeys. 

It would appear then that Mengo virus and the related agents cause a widespread but 
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silent infection in at least three species of rats. Th e  disease produced by this group of 
viruses appears to be primarily a murine disease which has occasionally spread to monkeys 
under captive conditions in Africa, America and Colombo, and sometimes to man. The  
mode of infection is uncertain but  the available data suggest that it may be due to accidental 
contamination of food with excreta from infected carrier rats. There  is no good evidence 
that this group belongs to the ar thropod-borne group of virus encephalitides as was originally 
considered possible (DICK, 1949). Perhaps the small number  of human infections as evi- 
denced by antibody studies is not only due to the fact that human beings are relatively insus- 
ceptible to infection with this group but  also that in man there is no mechanism for further 
transmission of virus. (It is conceivably possible that most human beings infected with 
Mengo die). While infections of man would appear to be sporadic it would seem that the 
virus may under certain conditions produce an epidemic as evidenced by the outbreak of 
" 3-day fever " in Manila. With regard to the escape of virus f rom the rat population it 
is of interest to recall that the isolations of M E V  from captive rhesus monkeys were made 
in June, 1946; May, 1947, (DICK, SMITHBURN et al., 1948); June, 1950; and December,  
1951 (HoRCAN, 1952). These  months when virus has been isolated in Uganda were at the 
end of the rainy" seasons and it is not without interest that the isolation of EMC virus by 
HELWlC and SCHMIDT (1945) in Florida was made in the month of November  which is 
again at the end of the wet season, Unfortunately I have no data on the movement of rats 
nor of the seasonal fluctuation of the rat population at these times with which to correlate 
the times at which virus seems to spread more readily from rats to other species, but  it presents 
an interesting epidemiological problem. Although there are as yet no experimental data 
on the method of spread within the rat population, it seems possible that infection by faeces 
might also account for this. 

I do not know if antibody has been found in rats in Europe, but  if it is found, then it 
is not impossible that, as in other parts of the world, the virus might occasionally spread to 
man and be responsible for sporadic cases of " aseptic meningitis " or encephalitis, and it 
is also not impossible that small epidemics such as was recorded from Manila might also 
occur in this and other European countries. 

BWAMBA FEVER VIRUS 

Antibody to Bwamba Fever virus (BFV) has been found in human sera in many parts 
of Africa. SMITHBURN and MAHAFFY (1952) have recently presented a summary of the results 
of tests on sera collected in Uganda and Tanganyika in which persons with antibody were 
found in the Toro,  Mengo and Masake districts (including the Sese islands) of Uganda 
(Map) and at the only three places--Mwanza,  Moshi and Tanga in Tanganyika- - f rom which 
samples of serum were tested. T h e  immunity rates in adults varied from 81 per cent. in 
Tanganyika, 70.5 per cent. in Bwamba county, Uganda, to the lowest rate of 13 per cent. 
found in the Toro  district of Uganda. 

My own observations (Table VI) have confirmed and considerably extended the area 
where persons with antibody to BFV are found. The  details Of the test used in the testing 
of the sera recorded in Table VI were as follows : 

With the exception of a few samples, all sera were collected for yellow fever immunity surveys. 
After separation, the sera were stored for periods up to 4 years at 0 to 4°C. With the exception of the 
samples collected in Bwamba, all sera were inactivated at 56°C. for 30 minutes prior to being tested. 
The 459 strain of BFV (SMITHBURN et aL, 1941) of the 35th-90th intracerebral mouse passage was 
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32 SOME VIRUSES ISOLATED IN UGANDA 

TABLE VI. Showing the results of tests for antibody to Bwamba fever virus*. 

Country 

Place 

Location 

Uganda Bwamba 
Rwebisengo 
Teso district 
W. Nile ,, 
Acholi ,, 

Kenya Gede 
Tareta  

Tanganyika Pangani 
Dar-es-salaam 

N. Rhodesia Mongu 
Fort  Jamieson 

S. Rhodesia Sebungwe district 

tested No. 

Children Adults  
(0-14 yrs) (15 yrs and over) 

No. Positive No, 
% tested 

2 2 1 
4 3 u 6 

2 5  18 72.0 16 
4 

16 6 29 
36 7 19.4 

2 2 18 
28 25 89.3 

1 0 
2 0 38 

11 
15 

Total  

4 0 

120 63 52.5 138 

Positive 
No. ~o 

1 
6 - -  

13 81.3 
2 - -  

16 55.2 

12 66.6 

24 63.1 
3 27.3 
9 60.0 

86 62.3 

All Ages 

No. Positive 
tested No. % 

3 3 
10 9 90 
41 3 1  75.6 

4 2 
45 22 48.9 
36 7 19.4 

2 0  14 70.0 
28 25 89.3 

1 0 
40 24 60.0 
11 3 27.3 
19 9 47.4  

258 149 57.8 

* Excluding seven sera toxic for mice. 

used in all tests. All sera were tested by intracerebral neutralization tests, based on the technique of 
THEILER (1933). With  many of the sera a preliminary screening test was made against 10 to 50 LD50 
of virus. Sera which neutralized less than 10 LD50 were considered to be negative, those neutralizing 
10-50 LD50 were retested usually against 3 dilutions of virus suspension (10 -3 -- 10 -5) in some cases 
only 2 dilutions were used (10 -3 -- 10-4). Sera which neutralized 50 LD50 or more (i.e. 1.7 or > log 
units of virus) were regarded as containing specific neutralizing antibody and giving evidence of previous 
infection with Bwamba fever virus; sera which neutralized 10-49 LD50 were regarded as inconclusive. 
A number of sera which were of insufficient quantity for retest after preliminary screening have been 
placed in the inconclusive group. They  might well have neutralized 50 or more LD50 if they had been 
retested. Confirmatory tests were made with a number  of sera using an intraperitoneal technique 
in suckling mice of 3 to 4 days of age. 

O f  t he  to ta l  of  265 sera  tes ted ,  seven were  toxic,  of  the  r e m a i n d e r  149 were  pos i t ive ,  
30 inconclus ive  and  79 were  negat ive .  T h e  local i t ies  f rom w h i c h  the  pos i t ive  sera  were  
found  in h u m a n  be ings  is i n d i c a t e d  in  T a b l e  VI .  

T h e  d i s t r i bu t i on  of  t he  s amples  in the  var ious  sex and  age g roups  makes  s ta t is t ical  
analysis  of  the  resul t s  of  any  one  area  unsa t i s fac tory .  O f  the  to ta l  s a m p l e  exc lud ing  the  
toxic  spec imens ,  122 were  f r o m  males ,  of  wh ich  73 (59 .7  p e r  cent . )  were  posi t ive,  and  138 
f rom females ,  of  w h i c h  76 were  pos i t ive  (55.1  p e r  cent.)  i nd i ca t i ng  no di f ference in t he  sexes 
a t tacked.  T h e  age d i s t r i b u t i o n  of  h u m a n s  in  t he  to ta l  s amples  was as fol lows : 

Age Group 0-4 5-9 10-14 15-19 20 and over 

No. tested 9 60 51 25 113 
No. immune 2 25 36 17 69 
Percentage immune 22.2 41.7 70.6 68 61 

Th i s ,  as migh t  be  expec ted ,  shows  in genera l  an increase  in  i m m u n i t y  f rom c h i l d h o o d  
to adu l t  age. T h e  na tu r e  of  the  da ta  p rec ludes  any o the r  analysis .  

I n  a d d i t i o n  to these  obse rva t ions  i t  is c l a imed  tha t  B w a m b a  F e v e r  v i rus  is the  mos t  
c o m m o n  v i rus  disease  in  W e s t  Af r i ca  and  tha t  h igh  rates have been  f o u n d  in the  s l eep ing  
s ickness  areas  of  K a d u n a ,  I gba j a  a n d  Bids  (Rockefe l ler  F o u n d a t i o n ,  1947). T h e  da ta  on 
which  this  s t a t emen t  was m a d e  are  no t  avai lable  to  me,  b u t  i t  is s u b s t a n t i a t e d  b y  some recen t  
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observations of MACNAMARA (1952) who tested sera from three places in Nigeria with the 
following results : 

Place Sera Tested No. Positive Percentage positive 
Ilaro 144 91 63 
Kontagora 154 122 79 
Plateau 18 16 89 

In West Africa there is a tendency for yellow fever positives to be also Bwamba fever 
positive but  at the same time direct evidence from the Ogbomosho yellow fever study showed 
that there is no interference between the two neutralizations (Rockefeller Foundation, 1947). 

Not only has antibody been found in human beings but  also in monkeys*, the susceptibil- 
ity of which has already been discussed. The  monkey sera were tested by a similar technique 
to that used with human sera. T h e  total sample, 102 monkeys tested to date, is as shown 

TABLE VII. Results of tests for antibody to Bwamba fever virus in East African monkeys. 

Species 

Cercocebus albigena johnstoni (Lydekker) 
Cercopithecus aethiops johnstoni Pocock 
C. rhoesti l'hoesti P. L. Sclater 
C. mitis kibonotensis L6nnberg 
C. mitis stuhlmanni Matschie 
C. mona denti Thomas 
C. neglectus Schlegel 
C. ascanius schmidti Matschie 
Papio doguera ibeanus Thomas 
P. doguera tessellatus Elliot 
Colobus abyssimcus ituricus Matschie 
C. angolensis ruwenzori Thomas 
Pan troglodytes schweinfurthii Giglioli 

Totals 

Infant 

o/1 

o/1 

o/1 
o/1 

0/4 

Juvenile 

o/1 

o/1 

0/2 

Sub- 
adult 

0/2 
0/2 

0/6 

0/2 
0/2 
0/1 
1/2 
0/2 

1/19 

Adult 

1/1 

o/1 
0/15 
0/1 
1/1 

2/15 
0/1 
0/1 
6/16 
0/3 

10/55 

Old Total 

0/2 1/5 
0/1 0/3 
0/1 0/3 
0/3 0/25 

- -  0/2 
- -  1/1 
1/1 1/1 
1/5 3•22 
- -  0/3 
1/1 1/4 
1/7 8/26 
0/1 016 

- -  0 / 1  

4/22 15/102 

in.Table VII .  The y  came from various localities of Uganda and Kenya, but  the main part 
of the sample was taken in Bwamba lowlands. Th e  results for that area are presented in 
Table VII I .  

TABLE VIII. Results of tests for antibody to Bwamba fever virus in the Bwamba Lowland sample. 

Species 

C. albigena johnstoni 
C. mona denti 
C. neglectus 
C. ascanius schmidti 
P. doguera tessellatus 
C. abyssinicus ituricus 

Totals 

Per cent. Immune 

Infant 

0/1 
0/1 

Juvenile Sub-adult 

0/2 

0/2 
0/1 
1/2 

Adult 

1/1 
1/1 

2/15 
0/1 
6/14 

Old 

0/2 

1/1 
1/5 
1/1 
1/7 

Total 

1/5 
1/1 
1/1 
3/22 
1/4 
8/24 

0/2 - -  1/7 10/32 4/16 15/57 

0 14.3 31.2 25.0 26.3 

The observations and notes on the monkey sera are presented here in collaboration with my 
recent colleague, Dr. A. J. HADDOW, who prepared Tables VII, VIII and IX. 

C 
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It may be seen that immunity in wild monkeys has so far been found in monkeys belonging to six 
species. These include highly arboreal monkeys such as Cercocebus a. johnstoni and Colobus a. ituricus, 
and also partly terrestrial species, The Bwamba lowland sample (Table VIII)  was obtained (a) along 
a 10-mile stretch of the Semliki forest, including Ntotoro (where the virus was first isolated from man), 
and (b) through the main Semliki Forest to the Semliki River - -  approximately 6 miles from the nearest 
habitation. It would appear therefore that BFV like yellow fever may not depend on man for i t s  
maintenance as it occurs in areas where man is only an occasional visitor. 

The general rate of immunity in monkeys is 26.3 per cent. and the rate is much higher in adult 
and old monkeys than in juveniles and sub-adults. The sample falls naturally into two groups, (a) 
species which (in Bwamba at least) are strictly arboreal Cercocebus a.johnstoni, Cercopithecus neglectus and 
Colobus a. ituricus, and (b) species which spend some time on the ground Cercopithecus m. denti, C. a. 
schmidtiandPapiodogueratesselatus. A standardized comparison of these two groups (Table IX) presents 
a striking difference, the rate for the group of strictly arboreal species being nearly double that for the 
other g r o u p - - 3 4 . 6  as compared with 19.2 per cent. 

Galago senegalensis is also susceptible to BFV (Rockefeller Foundation,  1947) but  as far 
as I know antibody has not been demonstrated in wild-caught species. 

TABLE IX. The crude and standardized results of the Bwamba Lowland sample analysed with respect 
to habit. 

Species or Group 

Crude 
Strictly arborea! 
Partly arboreal 

Standardized 
Strictly arboreal 
Partly arboreal 

0/1 
0/1 

0 . 0 / 1 . 1  - -  
0.0/0.9 - -  

S 

1/4 
0/3 

0.9/3.7 
0.0/3.3 

A 

7/15 
3/17 

7.8/16.8 
2.7/15.2 

O 

2/10 
2/6 

1.7/8.4 
2.5/7.6 

T o t a l  P e r  cent .  
i m m u n e  

lO/3O 
5/27 

10.4/30.0 
5.2/27.0 

33.3 
18.5 

34.6 
19.2 

What  then can one conclude about  the epidemiology of this virus? I t  seems probable  
f rom the occurrence of the disease at the same t ime in man  and definitely arboreal primates,  
that a probable  vector is a flying insect. Now in Bwamba, almost all monkeys sleep by  night 
in trees and if the vector were a nocturnal species one would expect all monkeys to be equally 
exposed as in the case of yellow fever in this a r e a  (HADDOW et  al., 1951). T h e  difference in 
habit between the arboreal and part ly arboreal group refers almost entirely to the hours of 
daylight and this seems to suggest a day-flying vector. 

T h e  presence of human  beings with antibody in forested areas of Uganda such as Bwamba,  
at Rwebisengo on the Semliki plains, in the drier West  Nile, Acholi and Teso  districts and 
the very high rates on the coast of Tanganyika make an interesting epidemiological puzzle. 
Before the above studies were made I a t tempted without success to t ransmit  BFV wi th  
A.  aegypti, and this failure is to some extent substantiated by  evidence f rom Nigeria that  the 
vector of Bwamba fever in the areas studied is more efficient than  the local yellow fever 
vector (A.  aegypti) (Rockefeller Foundation, 1947). I do not know if the high ant ibody 
rates found in the sleeping sickness areas in Nigeria and in potential sleeping sickness areas 
in Uganda and elsewhere are in keeping with the possibility that tse-tse flies might  be vectors 
of this virus. 

WEST NILE VIRUS 

In  their original report  on West  Nile virus (WNV) SMITHBURN et al. (1940) record that  
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tWO persons engaged in studying the virus developed neutralizing antibody to it without 
showing any clinical signs or symptoms attributable to infection with the virus. I have 
already mentioned the silent nature of the viraemias from which the Cairo children were suffer- 
ing, from whom virus was isolated by MELNICK et al. (1952) and also that the person from 
whom the original strain of WNV was isolated denied being ill. Attempts have been made 
by SOUTHAM and MOORE (1951) to induce human infections with WNV in " vo lun teer"  
patients suffering from advanced inoperable neoplastic diseases. (These studies were made 
in the hope that the virus might have an onocolytic effect). None of 21 patients inoculated 
with WNV experienced any subjective evidence of the virus infection*. It was suggested 
by SOUTHAM and MOORE (1951) that one of the reasons for the failure to produce virus 
infection may have been due to the fact that the virus was of " little infectivity " for man 
since no illnesses had been reported with natural infections. I t  would seem more accurate 
to say, (from these direct inoculations of virus and from known natural infections), that 
West Nile virus causes few recognizable signs and symptoms, for its infectivity must be 
very great as evidenced by the antibody studies of SMITHBURN and JACOBS (1942), SMITHBURN 
(1952) and MELNICK et al. (1952). Thus SMITHBURN et al. (1942) and SMITHBURN (1952) 
tested a total of 1,689 sera from the Red Sea coast (13 per cent. positive), Eastern border 
(33.3 per cent. positive), White Nile (46.4 per cent. positive), Kordofan (20.8 per cent. 
positive), and Southwestern (18.6 per cent. positive) areas of the Anglo-Egyptian Sudan; 
from Uganda (8.1 per cent. positive), and Kenya (8.6 per cent. positive); and from Opala 
(6.9 per cent. positive), Buta (45.3 per cent. positive) and Bondo (1.4 per cent. positive) 
in the Congo; only in Tanganyika and Spanish Guinea where 36 and 16 sera respectively 
were tested was no antibody demonstrable. From a study of 251 sera collected in a rural 
area north of Cairo, MELNICK et al. (1952) concluded that more than 70 per cent. of the 
inhabitants o f tha t  area of 4 years and over had neutralizing and complement-fixing antibodies 
to WNV, and MACNAMARA (1952) showed that 24 per cent. of sera from Kontagora were 
positive, but only 1.2 per cent. of 161 sera from Ilaro in Southern Nigeria. All these studies 
not only indicate a wide geographical range but all suggest a gradual decrease in virus activity 
as one moves south from Cairo which might give some clue as to the probable vector. I do 
not know what part the only known laboratory vector (A. albopictus) is likely to play in the 
natural history. 

One " blue monkey " from Kakamega (Kenya) was shown to have antibody but apart 
from this nothing is known of possible hosts other than human beings. 

SEMLIKI, BUNYAMWERA, NTAYA, ZIKA, UGANDA S VIRUSES 

Only in the case of Bunyamwera virus do we know by direct evidence that any of the 
above five viruses are capable of infecting man. SOUTHAM et aL (1951) inoculated four 
patients with Bunyamwera virus, one died of uraemia 3 days after inoculation, and infection 
was established in only one of the other three and a nearly fatal case of encephalitis developed, 
so we can conclude that inoculation of mouse-brain passage Bunyamwera virus can cause 
encephalitis. 

* No virus circulated and no infection was established in 13 of the patients, no infection was 
established and virus was present on 1 day only in 4, and in five patients (this includes one of two 
patients who circulated no virus after first inoculation and were re-inoculated) four had virus in the 
blood for 2, 3 and 4 days or longer after inoculation, and the fifth had circulating virus from the 6th 
to 9th day. 
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With the others one can but infer that it is probable that human infections occur from 
the demonstration of neutralizing substances to these viruses in samples of sera which have 
been taken from residents of east, central and west Africa. 

Semliki Forest Virus 
SMIa'tmURN et al. (1944) tested 313 sera from residents of Uganda against Semliki Forest 

virus (SFV) and found 15 per cent. of the donors to have significant levels of neutralizing 
antibody in their sera. In one Place eight of 25 adult sera (32 per cent.) contained antibody. 
He (SMITHBURN, 1952) has recently extended the survey to other parts of Uganda and North- 
ern Tanganyika (3.4 per cent. positive) and MACNAMARA (1952) has demonstrated antibody 
to SFV in two places from where sera were collected in Nigeria. 

In addition to these studies on human sera, antibody has been demonstrated in the sera 
of six of 12 species of primates taken in Bwamba, Uganda (SMITHBUm'~ et al., 1944). Of 
these primates, the highest immunity rate was found in C. ascanius schmidti (11 of 17 positive). 
This is of interest in view of the observation of HABBOW (personal communication) that in 
studying the immunity among monkeys of the same area to Bwamba Fever virus, red-tail 
monkey, (C. ascanius schmidti) showed a very low incidence of immunity compared with 
colobus (C. abyssinicus ituricus) and a group of mixed species. 

No transmission experiments have as yet been attempted with Aedes (A.) abnormalis 
from which the virus was isolated and nothing else is known of the epidemiology of the virus 
nor of its importance, if any, in human disease. 

Bunyamwera Virus 
The area of the Semliki Forest where the mosquitoes were caught from which Bunyam- 

wera virus was isolated was uninhabited at the time of the catch. One of two colobus monkeys 
shot at Bunyamwera during the period of the mosquito catch from which the virus was 
recovered was found to have antibody to the virus, but sera from 40 other Bwamba monkeys 
were negative (SMITHBURN et al., 1946). As in the case of West Nile virus the finding of 
one isolated monkey with antibody does not suggest that a cycle of infection exists in these 
animals. On the other hand, none of 53 sera collected prior to the isolation of the virus 
from adults and children residing on the edge of the Semliki Forest contained antibody, 
but 28 of 298 sera collected in 1944 were found to neutralize 20 or more LDs0 of virus (SMITH- 
BURN et al., 1946). Of these positive sera four were from 20 children and six from 20 adults 
who were resident in the Semliki plains. Whether neutralization of 20 LDs0 of Bunyamwera 
virus can be regarded as significant is open to argument, but recently using a test dose of 
usually 100 LDs0, SMITHBURN (1952) has confirmed the observation of the presence of 
neutralizing antibody in the sera of residents of Bwamba, and has also demonstrated antibody 
in the sera of residents of other parts of Uganda and Tanganyika. ~/J[ACNAMARA (1952) has 
tested large samples from Nigeria against 100 LDs0 of virus and showed that 7.1 per cent., 
13.7 per cent. and 3.4 per cent. of the samples from Ilaro, Kontagora and the Central plateau 
respectively, had neutralizing antibody. 

Ntaya 
Neutralizing antibody to this virus has been found in human sera in various areas of 

Uganda and Tanganyika (SMITHBURN, 1952) but apart from that nothing is known of its 
epidemiology or distribution in Africa. Of all sera tested from Uganda and Tanganyika 
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other than for yellow fever antibody, Ntaya antibody was second to BFV in frequency of 
occurrence. As in the case of Bunyamwera virus the entomologists may be able to give a 
clue as to the likely human vector (if the human infections are transmitted by mosquitoes) 
from an analysis of the species of mosquitoes from which the virus was isolated in relation 
to the residence of humans with antibody. 

Uganda S 
Neutralization tests have shown that four of 52 (7.7 per cent.) sera from adults resident 

in Bwamba and three of 36 sera from adults from the West Nile district of Uganda neutralized 
100 or more LDs0 of virus (DICK and HADDOW, 1952). SMITHBURN (1952) extended this 
observation in tests of sera collected in other parts of Uganda and in Tanganyika which 
showed a total of 7.7 per cent. positive and from studies (which include all the viruses under 
discussion except Ntaya) which MACNAMARA (1952) has done in Nigeria it would appear that 
Uganda S is there the second commonest virus infection - -  the first as I have indicated being, 
as in east and central Africa, Bwamba fever virus. Thus at Ilaro 70 of 141 (50 per cent.) 
and at Kontagora 14 of 40 (35 per cent.) sera neutralized 100 LDs0 of Uganda S virus. Tests 
made with the sera of nine monkeys from Uganda showed that the sera of one red-tail monkey 
(C. ascanius schmidti), neutralized at least 300 LDs0 virus. Althoug h this monkey was shot 
within 2 miles of the area where 'the mosquito catches were made which yielded Uganda S 
virus, as in the case of Bunyamwera and West Nile virus, the finding of an isolated monkey 
whose serum neutralizes the virus in no way necessarily implicates monkeys as important 
hosts in the natural history of the virus. There is no reason in an environment with close 
contact between human beings and monkeys why a monkey should not as readily become 
accidentally infected from a man via an insect vector as a man from a monkey. There is 
then no information on the mode of spread of Uganda S virus, nor of any host other than 
man. I do not know if A. longipalpis, A. ingrami or A. natronius is the most likely vector. 

My own studies with Uganda S virus established that it is not identical with any of the 
other African viruses, but they were not planned to investigate the possible presence of 
minor antigenic relationships. SMITHBURN (1952) has shown that by cross-neutralization 
tests no cross reactions were obtained with Uganda S virus and the other viruses which he 
tested. KERR (1952) however, using the complement-fixation test, showed that Uganda S 
antisera and yellow fever virus gave irregular one way cross reactions, and MACNAMARA (1952) 
has presented some evidence which indicates that there is an immunological relationship 
between these two viruses. The pathology and pathogenicity in mice of Uganda S virus 
and yellow fever virus are very similar and it will be of great interest to have further infor- 
mation on the relationship which has been observed by MACNAMARA (1952). 

Zika Virus 
Antibody to Zika virus has been found in 4 of 20 (20 per cent.) of sera from residents 

of Bwamba and two of 25 sera (8 per cent.) from West Nile district (DICK, KITCHEN et al., 
1952) and in SMITHBURN'S study (SMITHBVRN, 1952) of sera from Uganda and Tanganyika 
antibody to this virus was next in frequency to antibody to Ntaya virus. In MACNAMARA'S 
studies of sera collected at Ilaro and Kontagora the following sera had antibody to Zika virus : 

Tested Positive Percentage positive 
Ilaro 163 74 45 
Kontagora 69 12 17 
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Zika virus, as I have indicated, was first isolated from a sentinel rhesus monkey. Other 
sentinel rhesus monkeys stationed in Zika forest have been found to have developed antibody 
to this virus and the evidence suggests that Zika virus persisted in that forest between April 
1947 and January 1948 (DICK, KITCHEN et al., 1952). During that period the major focus 
of infection apparently shifted a distance of less than 300-400 yards, whether through the 
agency of indigenous monkeys or mosquitoes it is not possible to say. Further studies .are 
required of the part which _/1. a f r i c a n u s  may play as a sylvan vector and of the way in which 
human beings become infected with this virus. 

S P E C U L A T I O N S  

I have tried in the notes which I have presented to interest not only the virologist, but 
also the clinician and the veterinarian, the zoologist, the entomologist, the epidemiologist and 
that fashionable person the ecologist who embraces all our specialities. There is perhaps 
no other branch of research which provides such a good meeting ground for all these special- 
ists. It is obvious that without the team work of people of varied interests, the viruses 
which we have been discussing could never have been recovered in such a short space of time. 

Even in the case of the most completely studied of these viruses - -  namely yellow fever-- 
there are still enormous gaps in our knowledge, with the others there is a wide open field of 
research to which the gate has been but barely unlatched. A list of research projects could 
immediately be drawn up to keep many investigators busy for a lifetime. It is not surely 
a shortage of exciting, interesting and valuable studies which withold people from research 
in the Colonies. 

The observations and interpretations which I have so far made in this paper have been 
largely free of speculation which I understand is permitted and in which I would in conclusion 
indulge. In the first place, then, how important are any of the viruses which we have dis- 
cussed to the welfare of Africans or the Asian or the white races in Africa? Their importance 
to the scientist and the philosopher is unquestionable and the techniques which have been 
evolved in their study are of value not only in the study of other viruses but also in other 
branches of science. But how important are they in the development of Africa and how 
important are they as public health problems? In 1949, enquiries were made of the Directors 
of Medical Services of six east and central African territories* as to the priority of their 
(? research) " problems "; when the replies were analysed it was found that " there was 
unanimous agreement in assigning yellow fever the pride of place " (HoRGAN, 1951). I 
wonder how many of you would agree with that opinion. In Uganda only two cases of 
yellow fever have ever been diagnosed in humans, one a Bwamba woman with a slight pyrexia 
from whom virus was isolated and the other a European who died and whose liver presented 
a picture histologically in keeping with that of yellow fever. In Kenya in two deaths attribu- 
table to yellow fever, the disease was diagnosed by liver examination. I can find no records 
of deaths due to yellow fever in the other east and central African territories. How important 
then is Such a disease? There is no evidence that any debility follows a natural infection, 
and the priority given to yellow fever would appear to be due to its potential danger and its 
political importance. There is no doubt that there is always the danger that a severe epidemic 
of yellow fever may break out in Africa as evidenced by the 1940 Nuba mountain epidemic 
in the Anglo-Egyptian Sudan in which over 15,000 cases with more than 1,500 deaths occurred 

® Uganda, Kenya, Tanganyika, Zanzibar, Northern Rhodesia, Nyasaland. 
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(KI~K, 1941). It is not known what precipitated this epidemic, nor is it possible to predict 
when changes in virulence may occur which might produce another such catastrophe (fortu- 
nately it would appear that abnormally virulent strains rapidly extinguish themselves by 
causing severe epidemics). For all we know, any of the other viruses which we have discussed 
may be as great a potential danger as yellow fever, or even greater. Any of them might at 
any time develop sinister properties as did Murray Valley encephalitis which is believed to 
be the same as Australian X disease which apart from one small outbreak had lain dormant 
from 1918 till 1950. The priority given to yellow fever would appear then to be based on 
the possible danger of the known which has, however, to be measured against the possible 
unknown dangers of the other viruses. 

The potential danger of yellow fever need not however, become real in the presence of 
urban control of A. aegypti and vaccination. Already at least 10 per cent. of the population 
of Kenya and at least 5 per cent. in Uganda have been vaccinated against yellow fever, and 
it would not appear to me to be an impossible problem to vaccinate the entire population of 
the territories in the endemic zone. I would not say that, if it was contemplated that vac- 
cination should be done by inoculation. The problem becomes a relatively simple one with 
regard to cost and administration now that it has been shown that scarification with 17D 
vaccine is an efficient and safe way of giving the vaccine (HAHN, 1951; DICK, 1952b; DICK 
and HORGAN, 1952). Using the scarification technique there is no reason why the virus 
content of whole chick-embryo suspensions could not be used and not just the supernate 
as is employed in the 17D vaccine used for inoculation. Using the total suspension, the 
virus yield of each egg would be increased by at least 200 per cent. which would greatly 
reduce the cost as would also the technique of administration. A still cheaper vaccine 
might be produced by using a 17D mouse brain vaccine administered by scarification. This 
has not so far been tried, but I do not think that if first passage-mouse-brain originated 
from 17D egg virus was used it would have any of the undesirable encephalitogenic effects 
o f  the French neurotropic vaccine. Once the population had been vaccinated, high rates 
of immunity could be maintained by vaccinating the children born into the communities. 
The available evidence indicates that antibody after vaccination is durable in adults for at 
least 9 years (DICK and GEE, 1952) and it is probable that as after a natural infection, the 
subsequent immunity is life long. Further studies are however urgently required to establish 
whether this is also the case when the vaccinations are made in babies and small children 
(DICK and GEE, 1952). 

While one may speculate that any of the viruses we have been discussing may be of 
danger we do not know except in the case of yellow fever and Rift Valley fever how important 
they may be. It may be that they are and will remain for the most part completely adapted 
viruses. It is only time to take action against them when they begin to interfere with man's 
dominance over his environment. This is now necessary with Rift Valley fever where the 
economic loss associated with another epidemic such as took place in 1951 in South Africa, 
makes it necessary to take immediate steps to initiate field animal vaccination experiments. 
The methods of control are either to break the cycle of infection whereby the virus is able 
to spill over to man and his animals or else to vaccinate. Until more is known about the 
natural history of Rift Valley fever, vaccination would seem to be the most profitable approach. 
This must not however interfere with studies designed to discover the natural history of the 
disease. 

With the recently discovered viruses which may only occasionally produce serious 
illness, vaccination may be neither practicable nor desirable, and control may be otherwise 
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impossible. In which case the disease in question will remain one of the hazards of living 
in Africa, perhaps of-less danger than that of living in a country where death on the roads 
is accepted by some as part of the environment with which we have to contend. 

It is important, however, that attempts should be made not only to learn more about the 
natural history of these African viruses but also to try and obtain information as to what effect 
they may have on human beings. It may be that all of them like West Nile and Bwamba 
fever virus produce a relatively silent viraemia with no sequelae; on the other hand, like 
Mengo, they may produce encephalitis with sequelae. It is not impossible that the infection 
of Africans with these neurotropic viruses might have some residual CNS effect or produce 
congenital changes in the foetus if pregnant women are infected. One way of approaching 
this problem is to make a long term study in a group of small children in an area where the 
majority of the viruses are present. Samples of blood could be taken at intervals and the 
children observed for pyrexia and other signs of infection. Some information on what the 
viruses do might be obtained by relating pyrexias etc. to virus carriage or the development 
of antibody. In general it would be easier to study antibody than to attempt virus isolation. 
In this respect I would like to note the particular lack of success in isolating virus from human 
material collected in the field by people other than those actively engaged in virus research. 
It is very di~cult to get samples taken at the right time and especially to get samples early 
in an infection. I hope that those of you who teach will ensure that instructions on the taking 
of specimens for virus isolation are given, such as have been outlined by DICK and HORGAN 
(1951) and by others. Another approach is to determine whether these African viruses are 
present in other continents where it may be easier to get information of the clinical syndrome 
they may produce. As a first step it would seem worth while to examine pools of sera or 
possible y-globulin for antibody from India and Southern Europe. 

If it is not possible to have specimens examined for virus a great deal of information 
may yet be obtained by an epidemiological approach. The establishment of the " time," 
"place " and " persons " involved in an epidemic may produce much information as to the 
etiology and may clearly indicate the vector. 

One can but speculate as to the durability of immunity to the viruses we have been 
discussing except in the case of yellow fever and Rift Valley fever (SABIN and BLUMBERG, 
1947) on which information is available. It is probable that the immunity in the case of 
those viruses which circulate in the blood is a solid one. There is some evidence that the 
immunity to Bwamba fever virus is durable as evidenced by the finding of antibody in the 
serum of Dr. A. F. Mahaffy in 1946 who was presumably infected in 1937 (SMITHBURN e t  al., 
1941). (It is possible but improbable that he had a reinfection in the period between the 
two tests). It is important to have information on this point with regard to the other viruses 
in order to interpret antibody studies fully. The low immunity rates with Mengo virus in 
Africa are perhaps surprising. I wonder if this virus normally produces primarily an aliment- 
ary infection in man with low evaniscent antibody levels, that viraemia does not usually 
occur and that only in those cases with viraemia is a high level of antibody and durable 
immunity produced. 

This leads to the question of the stability of the virus strains. With yellow fever there 
is a certain amount of information which suggests strain variation with fortunately no im- 
munological differences. Dengue virus on the other hand has several immunologic types. 
The antibody demonstrated in the surveys we have discussed is to one virus type of each 
virus. If there is only one type of each virus and immunity is durable, then after his little 
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pyrexia or his 10 or more pyrexias the African is safe from further virus upsets. But if there 
are several types of each virus or if the immunity were not durable, these viruses may be 
producing as much fever as malaria. If some of the viruses are not insect borne and/or have 
no hosts other than insects then the only other possibility is that mutations are constantly 
occurring, for otherwise it is impossible to visualize epidemics, or even an endemic state of 
infection being maintained, in the presence of the high antibody rates which have been 
recorded. 

The relationship of mosquitoes to neurotropic viruses is fascinating. Why should there 
be a tendency for a virus which is neurotropic also to be entomotropic (a word coined I 
believe by Dr. Marston BATES)? This affinity of the arthropod-borne viruses for the CNS 
is seen not only in the African viruses but also in the equine group of encephalitides, Japanese 
B virus etc. And why, in what I perhaps wrongly consider such a simple organism as a 
mosquito, should a virus be so selective? What has the brain of a white mouse in common 
with A. africanus, in both of which yellow fever virus grows, which these two have not in 
common with A. apicoargenteus which does not transmit yellow fever in the laboratory? 
GILLETT and I began some work in an attempt to discover why yellow fever failed to multiply 
in certain species of mosquitoes. Is it possible that in some there is an inhibitor, or do they 
produce antibody? We got no answer to this question any more than we know why the 
French neurotropic vaccine virus will infect young mice intraperitoneally but the 17D vaccine 
virus will not. 

Before leaving the entomological field in which I tiptoe with fear, I would speculate 
once more as to why suddenly any of the viruses we have discussed might become grave 
problems. I have often wondered whether variations in the pathogenicity of arthropod-borne 
viruses might be dependent on the vector ; some vectors might favour the multiplication 
of the more virulent members of the virus populations. There is a little evidence that the 
virulence of tick typhus in East Africa is less or more virulent depending on whether it is 
transmitted by Rhipecephalus simus or Haemaphysalis leachi (DICK and LEWIS, 1947). Is it 
possible that if, say, yellow fever gets passed to man via A. vittatus the disease might be serious, 
while if the same virus was transmitted by .4. sirnpsoni a mild infection would resuh. With 
changes in the mode of life and cultivation in Africa associated with Westernization, great 
changes might occur in the populations of potential vectors and with the enormous reservoirs 
of insects and animals the results which might be produced remain quite unknown. 

From his observations on the plurality of infections with some of the African viruses 
SMITHBURN (1952) suggested that perhaps a common vector was involved in some of them. 
It would be interesting to have some experimental studies on this subject. What would 
happen if an A. africanus was infected with both yellow fever and Zika viruses? Would it 
transmit one or both or neither? Would the infection of the vertebrate host be mild in virtue 
of interference or would the virulence of one of the viruses be exalted? Interference has been 
demonstrated between dengue and yellow fever viruses (SABIN and THEILER, 1944) which 
has suggested to some the reason why yellow fever has not broken out in India. We know 
nothing of what part interference may play in the case of other viruses we have been discussing. 

Finally is it possible that previous infection with one virus may produce a certain modi- 
fication of the infection by a second virus? That such a possibility may exist between Uganda 
S virus and yellow fever has been suggested by MACNAMARA (1952 and personal communi- 
cation), who in preliminary experiments has shown that in monkeys, a previous infection 
with Uganda S virus modifies the severity of a subsequent attack of yellow fever. Further 
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enqui ry  along these lines should  provide  m u c h  interest and  it m a y  be tha t  the  susceptibi l i ty 
of  the Afr ican to the  viruses we have discussed is generally low, not  because  of  the  genet ic  
make up  of  the Afr ican or  the  inherent  low pathogenic i ty  of  the  virus bu t  because he  has 
mult iple virus infections. Th i s  ques t ion of  mult iple  infect ions has been  int r iguing us 
(GLEDHILL, DICK and ANDREWES, 1952) lately and may  give a key to the  inter-act ion of  
viruses, or  viruses and protozoa,  in Africa. 
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DISCUSSION 

Professor P. C. C. G a r n h a m :  Dr. DICK'S paper contains a lucid account of viruses 
found in Uganda, and the description he has just given brings the whole picture to life--the 
epidemiology and the problems awaiting solution. 

In regard to yellow fever one difficulty in interpreting its epidemiology is that conditions 
vary so much from place to place. I have seen many of the loci in East Africa and each one 
differs widely from the next. The primitive rain forest of Bwamba is obviously suitable for 
the development of yellow fever and one could scarcely imagine a more typical environment. 
When one moves further east, the conditions change. I saw a case of the human disease-- 
one of the few proven ones in East Africa--in one of my own wards in Kisumu on the edge 
of Lake Victoria, A postmortem examination was made, a piece of liver was taken and a 
diagnosis of yellow fever was made by the authorities of the Yellow Fever Institute at Entebbe. 
Detective work quickly followed and demonstrated that the man came from the Langata 
Forest near Nairobi. Anything more unlike a yellow fever environment could scarcely be 
imagined. The altitude is about 6,000 feet and the forest is very cold at night; yet this 
was apparently the actual place where the man had contracted his infection. The sera of 
the local monkeys were found by the Entebbe Institute to contain immune bodies. We 
watched mosquitoes in the forest for several years; Aedes africanus was absent and the species 
suspected of transmitting the disease was Aedes dendrophilus (= deboeri). 

Then further east still, on the coast of the Indian Ocean, another picture is revealed: 
~parse woods, swept by sea breezes, harbour neither A. africanus nor infected monkeys; 
instead the bush babies show immune bodies. Our mosquito work here suggested that 
Aedes adersi (a close relative of the mosquito thought at one time to be responsible for the 
Nuba Mountain epidemic, A. furcifer) might be the vector. 

Yellow fever is found in all these environments, widely differing from each other; it 
seems as though there must be a hidden factor common to them all, and I should like to 
know if Dr. DICK could make any suggestions as to what this factor might be. I am sorry 
that he is no longer in East Africa continuing the research which is still so obviously necessarY ! 

Dr. A. W. Gledhil l :  I know very little about these exotic viruses and feel that my 
only title for speaking about them at all is that I can pronounce their names with ease, and, 
indeed, with confidence. I should also like to pay tribute to the work of Dr. DICK and his 
colleagues. For, in a way, the discovery of these viruses is a measure of the enormous 
energy expended in the pursuit--in a tropical climate--of yellow fever. 

It is remarkable that their technique of intracerebral injection of mice has brought to 
light so many viruses; that so many people have antibodies against them and yet they are 
not associated with much in the way of illness. There is no special reason for believing that 
viruses are commoner in Africa than elsewhere: the fact is that viruses have not yet been 
looked for systematically using their method or similar methods--yellow fever research 
happens to have required a technique by which material of diverse kinds is introduced into 
a medium capable of growing many animal viruses. Little work of this kind has been done: 
an equivalent type of isolation in America or Europe would perhaps be that of the Coxsackie 
group of viruses, by the injection of baby mice with filtrates of human faeces. If we could 
assume that viruses in general are so adapted to live in their hosts that they produce little 
evidence of abnormality in them, we might picture virus diseases as due to pathogenic variants 
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of such perfectly adapted viruses. Or we might suppose epidemic virus diseases to be due 
to infections with two adapted viruses simultaneously, or at about the same time. In the 
case of insect-borne virus diseases, it might also be that the more pathogenic of two viruses 
would grow to much higher titre in insects simultaneously infected with another virus and, 
as a result, give rise to overt disease or even to an epidemic. 

With this hypothetical idea in mind, such severe epidemics of yellow fever as the 1940 
one in the Sudan referred to by Dr. DICK, might be caused by vectors simultaneously infected 
with yellow fever virus and, let us suppose, West Nile virus. I should like to ask Dr. DICK 
whether any convalescent sera from a yellow fever epidemic are available and, if so, whether 
anybody has considered examining them from the point of view of the presence of antibodies 
to these other viruses? Dr. DICK states that only in the Bwamba area of Uganda is there 
an endemic focus of yellow fever: SMITHBURN (1952) states that of 297 sera examined, 44 
out of 68 able to neutralize more than one virus came from this same Bwamba area. 

Dr .  C. H.  A n d r e w e s :  What  Dr. DICK has told us about African viruses certainly gives 
a lot of food for thought, and it also brings a challenge. The ordinary state of affairs is that 
we pour out blood, toil, tears and sweat in trying to find out the infecting agents of the diseases 
which afflict us, but here we have a lot of such agents handed to us as it were on a plate. I t  
is probable they have some importance in the world, and it is up to us to try and find out 
what that importance is: possibly it is greater than we suspect. Poliomyelitis is now con- 
sidered a disease of civilization: where there is not much civilization it gets about readily 
and affects children while they are still quite small; they do not suffer from paralysis in 
large numbers or very badly. When we apply hygiene, the virus cannot get about so readily 
in small children, so that they tend to get the disease later in life and to suffer more severely. 
The  same kind of thing may apply to arthropod-borne viruses. It may be that with changes 
in civilization in Africa people will cease to tolerate being bitten by so many scourges. Mos- 
quitoes may be controlled so that small children don't  all get infected but the diseases may 
then affect people later in l i fe--and more seriously. I am much interested by what Dr. 
DICK said concerning the different habits of Aedes simpsoni in Bwamba and other areas. 
I t  seems very important to study the different biological races of mosquitoes. Would it 
be possible to attack the forest fringes in these areas with D D T  or other insecticides, and 
afterwards to try and bring into that area ./i. simpsoni with a different taste in food? I do 
not know if that is possible but it seems that it would be an interesting experiment to carry 
out. Another question is whether it is true, as it seems to be, that in Africa most of the 
virus diseases are insect-borne, whereas in this part of the world we spread our viruses around 
by coughing and sneezing? In Britain we hardly seem to have insect-borne viruses, though 
they do have mosquito-borne ones in temperate America. Have the arthropod-borne 
viruses followed a different evolutionary path from the others; or have these latter evolved 
from the former? Q-fever is an example of a fever which seems to be fundamentally an 
arthropod disease; it is carried about in Australia by bandicoots and a tick but in other 
parts of the world seems to be distributed in another way. In conclusion I would like to 
say how much I have enjoyed what Dr. DICK has had to say; clearly Mengo virus infection 
does not leave behind it a very high degree of cerebral deterioration. In view of what Profes- 
sor GARNHAM has just said, I should like to add how glad I am that Dr. DICK has joined 
us at Mill Hill, and is now giving attention to the diseases of temperate climes. 

Dr. I. M a n n :  I fully agree with Dr. DICK that some viruses may become grave problems 
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and that some of the described diseases may assume the proportion of serious ep!zootics. 
I myself have had the opportunity of dealing with a severe outbreak of Rift Valley fever in 
cattle in 1951, in Kenya, in a district 20 miles east of Nairobi where, during my 10 years of 
service as a veterinary officer, I had never encountered it before. Rift Valley fever which 
DAUBNEY and HUDSON, both of the Kenya Veterinary Service, discovered in the Rift Valley, 
has been localized there, affecting mostly newly born lambs and causing up to 90 per cent. of 
deaths, and ewes in which it causes abortions and up to 20 per cent. of deaths. The most 
effective way of checking this disease, has been to move the flocks to higher pastures during 
the lambing season. Only occasionally and also in the Rift Valley, when cattle were grazed 
together with sheep, have mild cases of Rift Valley fever occurred in bovines. 

My first contact with this disease was when in 1951 I was approached by several farmers 
owning about 1,500 head of cattle, who complained of sudden deaths in their beasts, sudden 
cessation of lactation in cows and a heavy rate of abortions. As the routine slide examinations 
have shown no parasites and as agglutination tests for contagious abortion were negative, 
I visited these farms where the disease had--in the meantime--assumed rather serious 
proportions. 

I found many fevered beasts showing dullness, inapetentia, abundant salivation and 
many with visible signs of recent abortion. Those beasts whose lactation had ceased suddenly, 
gave, when milked, only a negligible amount of collostrum-like milk. Many showed various 
degrees of diarrhoea and blood was often mixed with faeces. I did not observe any dis- 
turbances of the central nervous system and am mentioning this here specially because the 
viruses which Dr. DICK described today, are neurotropic. 

Several beasts which had died during the night preceding my visit, were opened: the 
main changes were in the liver which showed heavy necrotic lesions, nephritis, haemorrhagic 
enteritis and pin-head haemorrhages almost everywhere, including the subcutaneous tissue. 
Subsequently, the Veterinary Research Laboratory diagnosed the disease as Rift Valley fever. 

At the same time, alarming reports of outbreaks of Rift Valley fever in cattle came 
from many higher districts, even from those at an altitude of 7,500 feet, a height to which 
previously herds had been sent as a preventive measure against Rift Valley fever. These 
outbreaks occurred on farms where cattle only were bred, not sheep, affected many thousands 
of beasts and caused heavy losses in milk, progeny and adult animals. Deaths almost always 
occurred in high-grade or pure-bred animals (Ayrshires, Friesians, Jerseys, etc.) whereas, 
as far as I know, there was no mortality in indigenous or very 10w-grade stock. 

It may be of interest to you to hear that the farmers complained not only of disease in 
their beasts, but also in their herdsmen and milkers. Upon inquiring, it was found that 
these labourers suffered from a dengue or influenza-like fever and complained of severe 
pains in back, neck and extremities, sometimes combined with slight mental confusion and 
photophobia. Recovery took place within 4 to 7 days from the onset of the disease. 

Although not confirmed by recovery of the virus from the blood during the acute stages 
of the disease nor by that of the neutralizing antibodies in the convalescent serum, it was 
plain that herdsmen and milkers suffered from Rift Valley fever .  It is also interesting to 
note that on those neighbouring farms where outbreaks of Rift Valley fever in cattle were 
prevented by vaccination, the labourers also were free from this disease. 

Another fact which was generally noticed at that time was the enormous increase of 
the rat population: it was practically impossible to take a walk anywhere in the fields without 
dozens of rats scurrying from under one's feet. They invaded not only store-rooms, barns, 
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calf and milking sheds but also the Africans' huts where--naturally--they contaminated 
with excreta maize meal and Other food stuffs. 

Would we be right in assuming that this enormous increase in the rat population had 
anything to do with the outbreaks of Rift Valley fever in cattle and men? Could they be 
considered a link in the man-rat-bovine chain? This problem would certainly be worth 
further investigation. 

Dr. A. R. D. Adams,  in thanldng Dr. DICK for his extraordinarily informative paper, 
said that much excellent work on virus infections had emerged from what is now the Virus 
Research Institute at Entebbe. The various papers published in the journals, however 
contained information of more particular interest to virologists. Dr. DICK'S present review 
of the work as a whole, with his consideration of its possible application to the practice of 
medicine in the region, makes it much more easy for the ordinary medical man to grasp 
the significance and implications of these several virus infections. Dr. DICK has pointed 
out some of the many gaps in our knowledge of these infections, which is still in its infancy. 
He has suggested that under varying conditions of environment what so far have appeared 
to be infections of comparatively slight clinical significance might become of major importanc e . 
Does he think that in nature alterations in the host, in the vectors, and in the rapidity of 
transmission might bring about changes in these infections such as have occurred in the 
rabies of South and Central America and Mexico? There the disease has been maintained 
and spread by vampire bats; as a result it has assumed in many major respects characteristics 
entirely different from those of rabies elsewhere in the world, in which it is predominantly 
a canine disease. 

Dr. Dick (in reply): I can assure Professor GARNHAM that if I knew of any hidden 
factors I would not keep them a secret. Many people have considered it possible that infection 
of monkeys, mosquitoes and human beings represents but the end products of some cycle 
of infection which has not yet been discovered. The observations of HADDOW and others 
on the presence of yellow fever antibody in the sera of bush-babies may throw some light 
on another cycle which might involve mites. The possibility that mites may play some part 
in the epidemiology of the North American encephalitides has been under investigation for 
some time, and birds have been incriminated as important hosts in these diseases. There is 
no evidence that birds or any other vertebrates other than primatesplay any part in the 
epidemiology of yellow fever, and no evidence that any arthropods other than insects act as 
vectors. Further investigations may, however, reveal other cycles, and on this matter we must 
keep an open mind. 

If  Dr. ANDREWES cannot provide answers to the questions which he has asked, it is most 
unlikely that I would be able to do so. I am not even an amateur entomologist, and his 
suggestion about trying to replace the biting by non-biting A. simpsoni I will leave to the 
entomologists to consider. 

In reply to Dr. GLEDHILL, I would think that it is probable that some of the sera from 
the Nuba mountain epidemic may still be available, and it would certainly be of great interest 
to test some of these sera for antibody to other viruses; I feel sure that this can be done. 

It would seem to me most likely that the influenza referred to by Dr. MANN was probably 
Rift Valley fever. As I indicated, in the recent South African epidemic only those in close 
contact with infected animals or carcasses developed the disease and there is no evidence of 
any person to person spread. As far as I am aware nothing is known of the numerical 
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fluctuation of the rat population in East Africa. It  is a point which has interested me in 
view of the repeated isolations of Mengo virus at the end of the rainy seasons. This, however 
may have been due to increased activity of the research population rather than any change 
in the numbers of rats. 

As far as I know there are no other recently discovered African viruses with letters 
A-Z and excluding S. However  I am sure that others will be found. When Uganda S 
virus was first isolated it was not known for certain whether it had come from mos- 
quitoes or mice. We could not follow our habit of giving it a geographical name, but  we 
had to call it something for an Annual Report, and while discussing what to call it, I suggested 
S virus for several reasons, not the least of which was that S stood for Smithburn. 

Finally in reply to you, Mr. CHAIRMAN, we know very little about the difference in the 
host factors as far as the response to any of these viruses is concerned, but  it is a point, which 
intrigues me especially with reference to the situation in a host with previous experience 
with one of the viruses as compared with a host infected with one of these viruses for the 
first time. 
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