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SYNOPSIS

With modern organizations for mass vaccinations in operation,
the diagnosis by serological tests of yellow fever is becoming
increasingly difficult. The isolation of the virus from the circulating
blood of the patient offers a reasonably reliable alternative method
of diagnosis and has the advantage of giving a more rapid result.

From a study of four epidemics in West Africa the chances of
procuring a successful isolation are analysed according to the
duration and severity of the illness.

When yellow fever produces the truly classical picture the clinical
diagnosis is easy. In the majority of cases, however, no such picture is
produced and the diagnosis rests on one or more of three laboratory
procedures : isolation of the virus from the serum of the patient; demonstra-
tion of the rise of antibodies in the convalescent serum when compared
with serum taken in the acute phase; and, if the patient dies, histological
examination of the liver.

The last two methods are those used as a routine by most laboratories.
Nevertheless, they have certain disadvantages. Serological diagnosis is
impossible if, as so often happens in rural areas, the convalescent patient
cannot be found, or if the patient is vaccinated against yellow fever between
the time of taking the first and second samples of serum. The latter occur-
ence is usual in epidemics, when vaccination campaigns are inaugurated;
for it would be wrong to prohibit a patient suffering from a disease, although
it might be suspected of being yellow fever, from being protected. Histo-
logical examinations of the liver can only provide the diagnosis of fatal
cases-cases which are probably the most easily diagnosed on clinical
evidence. Moreover, the case-mortality rate may be less than 10% in some
outbreaks.

Isolation of the virus has the advantage that an early presumptive
diagnosis can be made and that the technique is relatively simple. A
conclusive diagnosis by a specificity test should not be long delayed. Rhesus
monkeys 9 or albino mice I may be used for the isolation, but mice have the
advantage of being cheaper and easier to transport.
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During the course of research into yellow fever by the Virus Research
Institute, formerly the Yellow Fever Research Institute, procedures have
been used the results of which are presented as a suggestion for the possi-
bility of using similar methods in routine laboratories. A description will
be given of 88 isolations from 73 patients observed in four epidemics in
West Africa.

Materials and Methods

The first epidemic occurred in May-June 1946, in Ogbomosho, southern
Nigeria 3 (latitude 80N.; longitude 4.20E.). Ogbomosho has a population
of about 60,000. The epidemic involved Ogbomosho and neighbouring
towns and villages, but was not marked by a high mortality or great seve-
rity. Nearly 60 cases, with four deaths, were confirmed. Nevertheless, there
were probably in reality many thousands of cases. Owing to the method
of case-finding used, many of the observed patients were children.

The second epidemic was diffuse throughout the southern Gold Coast
during the months May-July 1951. Less than 20 widely scattered deaths
were confirmed.

The third epidemic was in a rural area around Ngwo, eastern Nigeria
(latitude 6.50N.; longitude 6.50E.) from November 1951 to January 1952.
It is estimated that there were about 6,000 cases with 600 deaths. Only a
Very small proportion was confirmed, as in the previous epidemics.

The fourth epidemic was localized and of only moderate severity and
occurred in December 1952 and January 1953 about 30 miles south-west
of the area where the previous epidemic had occurred. A population of
about 5,000 was involved, and approximately 40% were probably infected.
No reliable estimate of the number of clinical cases or deaths is available.
Less than twelve cases were confirmed.

Isolations of virus

Isolations of virus were made by a similar procedure in all four epi-
demics. The patient suspected of suffering from yellow fever was bled
from the arm vein, and the clot was allowed to stand at room temperature,
usually about 80°F (about 260C), until sufficient serum had separated.
Groups of six Swiss mice, bred in the Institute colony, and 30-40 days old,
were inoculated by the intracerebral route, 0.03 ml of undiluted serum being
injected into each mouse. Mice were observed for sickness, paralysis, or
death for 30 days after inoculation, when survivors were discarded. The
mice were guarded against the bites of mosquitos, and in the fourth epidemic
a mobile laboratory was available (fig. 1 and 2).

Passages were made by removing the brains of sick or paralysed mice
and triturating in 10% non-immune human serum in saline to make a
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FIG. 1. MOBILE FIELD LABORATORY WITH REAR EXTENSION IN POSITION

FIG. 2. INTERIOR OF MOBILE LABORATORY, LOOKING FORWARD FROM THE
EXTENSION
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one-in-ten weight by volume mouse-brain suspension. After light centri-
fugation, the supernate designated 10-1 mouse-brain was inoculated into
further groups of mice.

The specificity of yellow fever virus isolations was confirmed by
demonstrating neutralization by specific immune serum.

Owing to the fact that the period over which virus circulates varies
according to the severity of the illness cases have been classified as mild,
moderate, or severe. The cases seen at Ogbomosho were classified accord-
ing to the degree of prostration observed, since they were seen for the most
part in their homes and intermittently. More detailed observations are avail-
able on most of the others since nearly all were admitted either to regular
hospitals or to emergency field hospitals. Mild cases are defined as having
no fever greater than 99.80F (37.60C) after the fifth day of illness and not
suffering from deep jaundice. Moderate cases had fever of 1000F (37.70C)
or more for more than five days or were deeply jaundiced. They were
symptom-free apart from slight weakness by the tenth day, although jaundice
may have been detectable. Severe cases were those which ended fatally or
which had symptoms persisting for more than ten days.

It should be noted that in many instances attempts at isolation of the
virus from the same patient were made on different days of the disease.

Serological diagnosis

This was made by testing specimens of sera taken early and late in the
course of the disease in adult-mice-intracerebral 1 or baby-mice-subcutaneous
protection-tests 2 and showing a rise in antibody titre.

Uniformity of observations

Owing to the possibility that there might have been a difference among
the strains producing the four epidemics in their ability to infect and become
adapted to mice, a strain isolated from each epidemic was passed serially
from mouse-brain to mouse-brain for 25 passages, employing 36-day-old
mice. The passages were made as already described except that centrifuga-
tion was uniform at 2,000 revolutions per minute for 10 minutes. Titrations
were made of the virus from the brains of every fifth passage. Tenfold
dilutions of the mouse-brain in 10% non-immune human serum in saline
were inoculated by the intracerebral route into a group of six mice, each
mouse receiving 0.03 ml. The end-point was calculated by the method of
Reed & Muench.8

The origins of the four strains were as follows
(1) Ogbomosho strain (Nigeria): African male, 30 years old, on sixth

day of illness.
(2) Gold Coast Strain: African male adult, on third day of illness.
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(3) Ngwo strain (Nigeria): African female, 24 years old, on fifth day
of illness.

(4) Ufuma strain (Nigeria): African male, 27 years old, on fifth day of
illness.

The Ogbomosho strain was isolated in mice. A rhesus monkey was
inoculated with mouse-brain material from this isolation, and the serum
taken from the monkey on the fourth day after inoculation was inoculated
into mice. This passage is considered the first in the series. There was no
difficulty, however, in continuing the first isolation by serial passage in mice,
but the substrain was not preserved.

The other strains were not passed through monkeys, and the inoculation
of the serum into mice is designated the first passage.

Results

The adaptation to mice of the strains derived from the four different
epidemics is shown in table I, and it is considered that the strains are suffi-
ciently similar to justify the analysis of the results of isolations from patients
as a whole. The source of material for study is shown in table It. The results
of attempted isolations are given in table III. It has been considered advi-
sable to divide the results into three groups so that any statistical bias
introduced into one group may be evaluated separately.

Group A comprises attempts at isolations from cases which were also
diagnosed by more customary methods of serology or histological examina-
tion of the liver. This group probably most nearly represents the true
position.

Group B comprises attempts at isolations from cases which were diag-
nosed by isolation of virus with two or more attempts. Some bias may be
introduced into this group since the presence of viraemia on one day might
be more conducive to its presence on another day.

Group C comprises attempts at isolations from cases diagnosed by one
isolation of virus with only one attempt. It cannot be used to evaluate
the probability of success in isolating the virus, but shows the origin of
additional material available for study.

In table IV are presented the morbidity ratios and average incubation
periods after inoculation of the mice in those groups where successful
isolations were accomplished.

Discussion

It has been shown that in West Africa the diagnosis of yellow fever by
the isolation of circulating virus is a reasonably reliable procedure if attempts
are made early in the course of the illness, and that, if the case is severe,
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TABLE IV. SICKNESS RATIO AND AVERAGE INCUBATION PERIOD OF MICE
INOCULATED WITH SERA OF YELLOW FEVER PATIENTS

Day of Mild cases Moderate cases Severe cases
illn f-

patient isola SR AIP isola- SR AIP isola- SR AIPtions tions tions

1 5 36/37 8.05 1 2/6 8.00 0

2 13 100/105 8.31 11 76/81 8.02 1 6/6 6.50

3 11 80/88 8.59 9 54/59 9.03 4 18/25 9.67

4 5 18/29 14.54 3 15/19 9.36 7 45/54 11.56

5 2 12/12 13.50 8 30/50 14.71 0

6 0 2 6/12 11.67 3 7/24 18.41

7 0 0 0

8 0 0 1 3/5 21.00

SR=Sickness ratio (ratio of number of mice becoming sick to number of mice inoculated)
AlP=Average incubation period (average number of days between inoculation of mice and

their becoming sick)

virus may be isolated for a period of six or even more days. Information
is lacking on how long viraemia may be expected in these severe cases,
although we have isolated virus up to the eighth day of illness.

As shown, a high percentage of successful isolations can be accomplished
by the use of undiluted serum. Nevertheless, on two occasions virus was
isolated from diluted serum whereas no mice inoculated with undiluted
serum became sick. This phenomenon was observed with the serum taken
on the second day of illness from a patient in group A and with the serum
taken on the third day from a patient in group C; and this explains the
apparent anomaly in group C, where a failure of isolation is recorded on
the third day.

Dilution of serum taken on the later days of illness with the object of
diluting out the effect of antibodies before reaching the end-point of the
virus has not shown any zonal effects. The zonal effect in the isolations is
considered to be caused by auto-interference from dead or, more probably,
unadapted or unadaptable virus.

The speed with which a diagnosis can be made is of importance in regard
to public-health measures. In the routine serological tests a sample of serum
is required in the acute phase of the illness and another two or three weeks
later. It is seldom, therefore, that confirmatory diagnosis can be made
within three weeks to one month after the onset of the illness. Table IV
shows that, if virus is isolated, mice may be expected to become sick usually
in about 8-10 days, giving strong presumptive evidence of the disease. A
specificity test should give confirmatory evidence in another 9-10 days.
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The increased incubation period of the mice inoculated with serum taken
in the later days of the illness would prolong the period before a diagnosis
could be made. This prolonged incubation period is due to the diminished
quantity of circulating virus and not to any intrinsic change in the virus.
Subsequent passages with these strains do not differ from those made from
mice which had a shorter incubation period on the initial isolation (table I).

The similar pattern of behaviour of the yellow fever viruses of the four
different epidemics in West Africa may be due to the fact that these epidemics
were all most probably within the urban cycle of yellow fever and that
numerous man-aegypti-man passages had occurred before investigations
were begun. Yellow fever virus, although shown by serological surveys to be
present in the monkeys of West Africa,4 has not been isolated there from
a forest reservoir. Therefore it is not known whether the diagnosis of a
human case infected with such a strain could readily be made by the isolation
of virus from the blood. In this respect the experience of workers in East
Africa 6 and South America 5, 10 should be considered. They have shown
that strains of virus isolated almost directly from the jungle cycle have
not always been easily adapted to mice.
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RESUMEI

Parmi les reactions de diagnostic de la fievre jaune, l'examen du s6rum et - dans les
cas de mort -l'examen du foie, sont les methodes les plus couramment appliquees.
L'isolement du virus, qui represente la troisieme des methodes de diagnostic, a, sur la
methode serologique, l'avantage de permettre un diagnostic pr6coce par une technique
relativement simple. Le singe rhesus et la souris blanche peuvent etre utilises. Une tech-
nique a ete mise au point au Virus Research Institute de Yaba, Nig6ria, et appliquee au
cours de quatre epidemies en Afrique Occidentale Britannique, de 1946 - 1952-53. Elle a
donne des resultats assez satisfaisants pour que l'auteur la propose comme methode
courante de diagnostic. Une quantite de 0,03 ml de serum du malade suppose etre atteint
de fievre jaune est inoculee par voie intracerebrale a des souris blanches. Celles-ci sont
observees durant 30 jsurs, au cours desquels apparaissent les symptomes de la maladie,
paralysie ou mort. Les cerveaux des souris malades ou paralysees sont emulsionnes en
une suspension a 10 %, dont le liquide surnageant apres legere centrifugation est ino-
cule a une nouvelle serie de souris. La specificite du virus est confirmee par le test de
neutralisation au moyen d'un immunserum specifique.

Le diagnostic de la fievre jaune par l'isolement du virus circulant parait etre actuelle-
ment une technique assez sure si les essais d'isolement sont entrepris assez t6t. Dans les
cas graves, le virus est isolable du s6rum du malade pendant six jours ou plus a partir du
debut de la maladie. La dur6e de la vir6mie, dans les cas graves, n'est pas connue, mais
elle a ete constatee jusqu'au 8e jour de la maladie.
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La rapidite avec laquelle le diagnostic peut etre pose est d'une grande importance
pour la sante publique. Le test serologique exige 3-4 semaines. Avec la technique d'isole-
ment du virus, c'est au bout de 8-10 jours que les souris pr6sentent les symptomes permet-
tant un diagnostic presomptif de la maladie; celui-ci peut etre confirme en 8-9 jours par
un test de specificite.

Les virus isoles au cours de ces quatre epidemies presentaient des caracteres analogues.
Cela peut s'expliquer par le fait que ces epidemies s'inscrivaient probablement dans le
cycle urbain de la fievre jaune et que de nombreux passages d'homme a homme, par
l'intermediaire d'A. aegypti, etaient intervenus avant le debut des recherches. Le virus
amaril, bien que sa presence ait ete revelee chez les singes de l'Afrique Occidentale par
les tests serologiques, n'a jamais et6 isole dans cette region A partir d'un h6te sylvestre.
Aussi on ignore si le diagnostic d'un cas humain du A une souche sauvage pourrait etre
effectue rapidement. II faut tenir compte, sur ce point, des travaux faits en Afrique orien-
tale et en Amerique du Sud, qui ont montre que les souches de virus isolees directement
ou presque, A partir du cycle sylvatique, ne sont pas toujours faciles A adapter A la souris.
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