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Vaccination of Human Volunteers Against Russian
Spring-Summer (RSS) Virus Complex
With Attenuated Langat E5 Virus*

W. H. PRICE,1 I. S. THIND,2 R. D. TEASDALL 3 & W. O'LEARY4

Attenuated Langat E5 virus grown in germ-free chick embryos has 6 markers to
differentiate itfrom the parent virulent virus. It is stable after passage in various laboratory
animals and tissue cultures. When injected into human volunteers it leads to the develop-
nient of significant levels of homologous and heterologous neutralizing antibody against
certain members of the Russian spring-summer virus complex. These antibodies persist
at a high levelfor at least 2 years. Furthermore, no complications have been demonstrated
by repeated clinical examinations, electroencephalograms, electrocardiograms, chest X-rays,
and examinations of blood and urine. Attenuated Langat E5 virus has potential value for
live virus vaccine for the protection against human illness caused by the members of the
Russian spring-sumnmer virus complex.

Members of the Russian spring-summer (RSS)
virus complex are distributed throughout the world
and a number of these viruses cause human disease.
Formalin-inactivated vaccines have questionable effi-
cacy, particularly against heterologous members of
the RSS virus complex (Shah et al., 1962b; Morse
et al., 1962). The use of a live vaccine to protect
against all members of the complex is supported by
(I) serological cross-reactions (Clarke, 1964), (2) per-
sistence of neutralizing antibody in inapparently or
overtly infected humans for long periods of time
(Clarke, 1964), and (3) protection demonstrated in
cross-challenge studies with members of the complex
(Price et al., 1961, 1963a, 1963b; Thind & Price,
1966c; O'Reilly et al., 1965).
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Parent virulent Langat virus (TP21 strain), iso-
lated by Smith (1956) in Malaya, has low peripheral
infectivity and encephalitogenic potential in labora-
tory animals compared with the other members of
the complex and has not been related to a disease
syndrome in humans in its natural foci (Smith, 1956;
Shah et al., 1962a; Price et al., 1963b). Parent
Langat virus provides good protection against other
members of the complex (Price et al., 1963a, 1963b).
This makes it suitable for attenuation and possible
human use. The isolation, characterization and
immunogenic potential of an attenuated strain of
Langat virus (Langat E5) obtained by serial passage
of the parent Langat virus in germ-free chick
embryos has previously been reported by Thind &
Price (1966a, 1966b, 1966c). Attenuated Langat E5
virus can be differentiated from the virulent Langat
virus by the following 6 markers: very low peripheral
virulence for 8 g-10 g white Swiss mice and Ateles
geoffroyi monkeys, very low virulence for M. mulatta
monkeys, when injected intracerebrally or intra-
spinally, and slow rate of growth in HeLa and WI 26
cells. It is stable in its characteristics after (1) at
least 18 serial chick-embryo passages, (2) 2 mouse-
brain passages, (3) passages in 1 spider monkey and
1 mouse brain and (4) continuous growth in HeLa
and WI 26 cells for a period of 1 month. These
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characteristics of the virus led to the studies in
human volunteers.

MATERIALS AND METHODS

Vaccine preparation
Attenuated Langat E5 virus, the vaccine strain of

virus, in its 41st chick-embryo passage was inocu-
lated via the yolk-sac route into 7-day-old germ-free
chick embryos obtained from Kimber Farms, Cali-
fornia, USA. Infected embryos were harvested after
4 days' incubation at 34°C and pooled. A 40%
suspension of infected chick-embryo was made in
0.1 M phosphate-buffered saline at pH 7.4, without
the use of antibiotics or serum. The suspension was
centrifuged at 1800 rev/min for 20 min and the
sediment discarded. The supernatant fluid was dis-
tributed in 1-ml volumes in sterile ampoules, quick-
frozen, lyophilized, heat sealed and stored at - 70°C.

Safety tests for vaccine

A sample of 100% by volume of the infected chick
embryo supernatant fluid (25 ml) was tested for
sterility using Sabouraud dextrose agar, blood agar
and thioglycollate medium. No growth was de-
tected. The same volume of lyophilized vaccine in
ampoules was similarly found to be sterile.
The vaccine lot was found to maintain its low

peripheral virulence for 8 g-10 g mice. A total of
8 rhesus monkeys inoculated intracerebrally (IC)
with 4.5 log (8 g-10 g mice IC LD50) of vaccine failed
to develop fever or any other sign of encephalitis
over the usual 30-day observation period. The brains
and spinal cords of these monkeys developed histo-
logical changes characteristic of the attenuated
Langat E5 virus (Nathanson et al., 1968). No clin-
ical symptoms were developed by 4 guinea-pigs
given the vaccine by the intraperitoneal route.
The vaccine has no detectable pleuropneumonia-

like organisms and was free of lymphocytic chorio-
meningitis virus as determined by isolation attempts,
antibody studies and cross-challenge experiments.
Germ-free chick embryos used for preparing the
vaccine are known to be free of all known avian
microparasites.

Vaccination of human volunteers
A total of 9 healthy human volunteers in groups

of 2, 3 and 4 were admitted to the Johns Hopkins
Hospital and given a single intramuscular injection
of I ml containing 106 suckling mouse IC LD50 Of
the vaccine. All volunteers were workers at the

Johns Hopkins medical institutions and their
written consent was obtained before the investigation
started.
The investigations on the volunteers included chest

X-rays before vaccination and on the 5th and
15th post-vaccination days. Similarly, prevaccina-
tion electroencephalogram (EEG) and electrocardio-
gram (ECG) tracings were compared with those done
2, 3, 5, 9, 12, 16, 26, and 44 days after vaccination.
Complete urine analysis, white blood cells (WBC),
differential leukocyte count (DLC), sedimentation
rate, red blood cells (RBC) and haematocrit were
performed on the days given in Table 1. Blood for
biochemical studies was obtained in the fasting state
on the same days: these determinations included
urea nitrogen, glucose, total bilirubin, direct bili-
rubin, thymol turbidity, cephalin flocculation, serum
alanine aminotransferase (SGPT), serum aspartate
aminotransferase (SGOT), chloride, sodium, calcium,
potassium and phosphorous.' The subjects also
recorded their oral temperatures at 4-hour intervals
throughout each day.
Blood for detection of viraemia was drawn daily

for the first 6 days, and on the 10th and 14th post-
vaccination days. A 20% and a 20% dilution of
whole blood were inoculated, in volumes of 0.02 ml,
intracerebrally into 2-3-day-old suckling mice that
were subsequently observed for mortality over a
period of 14 days. Brains of mice with questionable
illness were harvested and attempts at viral isolation
were made by 2 blind, intracerebral passages in
suckling mice.
Throat washings collected on the lst-6th post-

vaccination days were tested for presence of virus
using the technique described above for viraemia.
Blood was collected both before vaccination and

at repeated intervals afterwards. Serum was sepa-
rated and stored at -30°C for antibody studies at
a later date.

The determination of serum neutralizing aittibody
indices
The neutralizing indices of the various test sera

were determined in the following manner. Sera
were diluted 1: 2 with 0.75 % bovine plasma albumin
(BPA), heat-inactivated at 56°C for 30 min and then
mixed with an equal volume of serial 10-fold dilu-
tions of the virus being studied. The virus dilutions
were made in 50% fresh normal human serum con-

' The blood studies were carried out by the Army Medical
Unit, Walter Reed Army Medical Center, Fort Detrick,
Frederick, Md., USA.
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TABLE I

RESULTS OF LABORATORY INVESTIGATIONS OF HUMAN VOLUNTEERS WHO SHOWED SOME CHANGE
FOLLOWING VACCINATION WITH 1 INTRAMUSCULAR INJECTION OF TP21 E5 VIRUS

Volun- Pre- Days after vaccination b
teers a Ttnation 1/2 - 2/3 4/5 8/9 11/12 15/16 18/19 25/26 44/45

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

Thymol turbidity
Cephalin flocculation c

WBC
Sedimentation rate

0:1+
8 050

8

2.9
0:1+
7 650

5

3.0
0
6 300

8

3.2
0:0

12 350
9

2.6
0:0

12200
6

3.3
0:0

10 300
7

1.6
0: 0

10200
1

2.3
0: 0
8200

3

4.5
0: 0
4 450

2

1.4
0:0

13 300
11

1.7
0:0

11 600
12

1.7
0:1±
4 400

9

3.4
0:1+

15 000
12

2.6
1+ :2+
9 850

6

1.6
0:0

10760
7

1.7
0 : 0
9 000

1

2.6
0 1+

11 000
3

2.7
0:0
5 000

1

2.0
0:0
9 550

13

2.3
0:0

10 250
12

1.4
0:1
6 200

10

3.5
0:1+

17950
22

2.1
0:1+
8550

3

2.6
0: 1+

10 750
12

1.6
0 0
8500

1

3.0
0 : 1 +

11 350
3

2.6
5 1 +
5 700

4

2.5
0:1+
5 550

17

2.6
0:1+
8800

26

1.2
0:0
5 250

12

2.6
0:0

116600
26

2.2
0:0
9 900

10

1.7
1+ :3+
10 400

6

1.4
0:0
8 750

1

2.3
0:0
8 300

4

2.2
1+ :3+
3 800

2

2.2
0:1+
6 150

8

1.4
0:1+
7 550

19

1.9
0:0
5 600

10

0:0
16 600

22

2.9
0:0

12 600
3

1.8
1+ :2+
10 450

8

2.6
0: 1+

12 900
1

2.6
0: 1+
8 800

5

3.2
1+ :2+
4 850

4

2.4
0:0
6 900

5

4.2
0:1+
8 050

12

1.3
0:0
4 800

9

1.9
0:0

17 000
25

1.9
0:0

11 050
4

2.2
0:0
9 900

8

1.3
0:0

10 300
2

2.6
0:0

10 800
4

2.2
0:1+
4 550

7

4.4
0:1+
7 450

7

2.E
0:1+
8 250

13

1.4
0:0
4 950

3

3.2
0:0

16 400
9

2.3
0:0
9 800

4

1.9
0: 1 -I-

11 900
6

1.9
0:0
9 800

2

2.8
0: 0
9 400

4

3.4
1+ :2+
5 000

6

4.6

6800
6

2.4
0: 0
7 600

14

2.2

0:1+

4 450
4

3.4
0: 0

16800
20

2.2
0:0

10200
4

2.0
0:10
9 500

10

1.9
0:0

11 000
5

3.9
0:0
9 600

7

2.9
0:0
4 600

7

7.3 1.8
0 : 1 + 0: 0
8 400 6 350

8 10

3.0 2.2
0:0 0:0
7 900 7 150

13 8

1.4 1.2
0:0 0:0
4 220 7 400

9 21

1.8 2.6
0:0 0:0

14 620 11 860
30 40

1.7
0:0
9230

2

1.7
0:0
8 700

7

2.3
0:0

13 000
2

2.8
0:0

10 000
6

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

WHP

BH

HH

JC

DG

JCH

JH

a WHP and IST had their post-vaccination observations made on days 1, 2, 4, 8, 11, 15, 18, 25, and 45 while all the other
volunteers had their post-vaccination observations made on days 2, 3, 5, 9, 12, 16, 19, 26, and 44.

b ND = not done.
c 24-hour reading: 48-hour reading.
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taining no detectable neutralizing antibodies to the
virus and served as a source of fresh accessory factor.
The serum-virus mixtures were incubated for 2 hours
at 37 C and were then inoculated intraperitoneally,
in volumes of 0.1 ml into 2-3-day-old suckling mice.
Control virus titrations contained equivalent con-

centrations of heat-inactivated normal human serum.

The neutralization indices given in Table 2 are the
antilogarithms of the difference between the titration
end-points of the viruses in the presence of control
or test serum.

RESULTS

Of the 9 volunteers only 3 showed a rise in temper-
ature. The recorded temperatures were never more

than 37.0°C (oral) and the maxima were always
limited to 1 of the recordings made in any 24-hour
period. The temperature rise in these individuals did
not develop any specific pattern, and, in general, it
can be said that there were no changes in the tem-
peratures of the vaccinated individuals.

Routine clinical evaluations, done by a neuro-

logist, throughout the 6-week observation period
were negative. Chest X-rays and ECGs done before
and after vaccination were within the range of
normal variation. EEGs done before, and repeated
many times after, the vaccination did not show any

significant changes.
Laboratory investigations, other than those in-

cluded in Table 1, did not show changes from the
prevaccination values. Alterations in thymol tur-
bidity and cephalin flocculation tests were observed
in all subjects. The cephalin flocculation test became
I to 2+ soon after vaccination and this persisted
for not more than 1-2 weeks. Alterations of thymol
turbidity were even less marked. These changes,
with no alterations in SGPT and SGOT, probably
represent a minimal disturbance of liver function.
Furthermore, bromsulfthalein clearance performed
in a few subjects was normal. White blood cell
counts increased in about half of the vaccinated
volunteers during the first 2-3 days and usually
returned to the prevaccination values within a week.
Concomitant with the rise in WBC counts, there was

the appearance of band forms. Otherwise, the differ-
ential leucocyte count changes did not follow any
particular patterns, except for an increase in neutro-
phils which persisted for about 15 days after vaccina-
tion in 5 subjects. The data in Table 1 show the sedi-
mentation rates of the vaccinated subjects.
Repeated attempts to isolate the virus from whole

blood and from throat washings, at various times

following vaccination either by direct intracerebral
inoculation in suckling mice or by 2 serial blind
passages in suckling mice by the intracerebral route,
were unsuccessful.

Antibody studies
A total of 8 volunteers with no detectable pre-

vaccination antibody developed levels of serum-

neutralization indices, 30 days after vaccination,
as shown in Table 2. Serum-neutralizing antibody

TABLE 2

SERUM NEUTRALIZING ANTIBODY LEVELS, 30 DAYS
AFTER LANGAT E5 VACCINATION

Neutralization indices against virus b

Volunteer - ____-Di- d ____
a Poa-phasicdLangat Pswans KFD c meningo- RSSE e

san ~~ence-
d_____ phalitis

WHP 500 100 205 400 300

IT 100 000 1 000 000 2 500 10 000 5 000

BH 1 032 310 510 600 510

HH 750 100 410 425 280

GT 880 112 510 525 505

JC 700 125 316 575 605

DG 1 950 220 512 510 920

JCH 650 96 288 450 600

JH 932 232 410 800 600

a Volunteer IT had neutralization indices of 5000, 63 000, 500,
500, and 400 against Langat, Powassan, KFD, diphasic meningo-
encephalitis, and RSSE viruses, respectively, before vaccina-
tion. All other volunteers had no detectable serum neutralizing
activity against the above viruses before vaccination.

b Neutralization indices were determined by using the
sensitive suckling mouse intraperitoneal neutralization test as
described in the materials and methods section of this paper.

c KFD = Kyasanur Forest disease virus (RVL strain).
d Diphasic meningoencephalitis = Absettarov strain.
6 Russian spring-summer encephalitis = Moscow strain.

against the viruses shown in Table 2 remained
detectable at 2 years after vaccination with the levels
of antibody showing slight decreases compared with
the levels found at 30 days after vaccination. One
subject (IT), who had neutralizing antibody against
all the viruses shown in Table 2 before vaccination,
responded with still higher levels of neutralizing
antibody after vaccination.
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DISCUSSION

All volunteers had a benign clinical course follow-
ing vaccination with Langat E5 vaccine. Homo-
logous neutralizing antibody response in terms of
titre and persistence, and the cross-reacting hetero-
logous neutralizing titres were similar to those
observed in mice and monkeys (Thind & Price,
unpublished observations, 1969). The 8 volunteers
who had no neutralizing antibody against Langat
virus, Powassan virus, KFD virus, diphasic meningo-
encephalitis virus and Russian spring-summer ence-
phalitis (RSSE) virus developed significant levels of
neutralizing antibody against these viruses 30 days
after vaccination. One volunteer, who had neutraliz-
ing antibody to all the above viruses before vaccina-
tion, responded with still higher levels after vacci-
nation. This result suggests that booster inoculations
of Langat E5 vaccine would give rise to higher levels
of neutralizing antibody. The antibodies in all the
volunteers remained detectable 2 years after vaccina-
tion, showing only a slight decrease at this time
when compared with the titres found at 30 days
after vaccination. Protection, due to Langat E5
vaccination, against low to high doses of challenge
with virulent Langat, Powassan, Kyasanur Forest
disease virus and RSSE virus had been demonstrated
after at least 2 years in mice or 10 months in mon-
keys (Price & Thind, unpublished observations). The
tvery similar responses of laboratory animals and
man to vaccination suggest that vaccination of

humans with Langat E5 vaccine should provide
protection against various members of the RSS virus
complex. Unlike most other viral vaccines, but like
cowpox vaccine, which protects against related small-
pox virus, Langat E5 vaccine protects not only
against the homologous virus but also against
6 other related group B arboviruses.

Evidence for the safety of Langat E5 vaccine in
man consists of (1) repeated unsuccessful attempts
to detect viraemia or excretion of virus in the throat
thus markedly reducing the chance of spreading
the infection by vaccination, (2) stability of vaccine
markers after in vitro growth in human cells of
cancerous and embryonlc origin, namely, HeLa and
WI 26, and (3) much lower virulence of the vaccine
for M. mulatta monkeys based on clinical and
histopathological data, as compared to the commer-
cially available Theiler's 17D yellow-fever vaccine
which has been considered to be one of the safest
live human vaccines.
These preliminary results in humans with Langat

E5 vaccine compare favourably with those reported
with the non-pathogenic clone of Langat virus by
Il'enko et al. (1968), which vaccine appears to be
less immunogenic. Studies with Langat E5 vaccine
need to be extended to determine its ability to provide
protection to larget numbers of subjects under
field conditions. It has a potential use in pro-
phylaxis against RSS virus complex throughout the
world.

IUME
VACCINATION DE VOLONTAIRES CONTRE DES VIRUS DU COMPLEXE DE L'ENCtiPHALITE

VERNO-ESTIVALE RUSSE (RSSE) A L'AIDE D'UN VIRUS LANGAT E5 ATTENUE

On a administre par voie intramusculaire a 9 volon-
taires en bonne sante un vaccin prepare a partir d'une
souche de virus Langat E5 attenue par passages en serie
sur l'embryon de poulet. Avant la vaccination et pendant
les six semaines qui ont suivi, ces sujets ont subi a de
multiples reprises divers examens: radiographie du
thorax, electroencephalographie, electrocardiographie,
analyse complete du sang et de l'urine, prise de la tem-
perature, recherche des anticorps seriques.

Les resultats de ces investigations permettent d'affirmer
que l'infection par le virus Langat E5 attenue a evolue de
fa9on b6nigne chez tous les volontaires. Chez 8 de ces
derniers, dont le serum ne contenait avant la vaccination
aucun anticorps neutralisant actif contre des virus du

complexe RSSE, la vaccination a suscite une reponse
d6celde apres 30 jours, en anticorps diriges contre le
virus Langat, le virus Powassan, le virus de la maladie
de la foret de Kyasanur, le virus de la meningo-enc&
phalite diphasique et le virus de l'encdphalite verno-
estivale russe. Chez le demier volontaire, qui etait porteur
avant la vaccination d'anticorps neutralisant ces virus,
on a assiste a une hausse notable des titres seriques.
Dans chaque cas, les anticorps se sont maintenus a un
niveau eleve pendant deux ans au moins apres la vac-
cination.

L'emploi du virus Langat E5 attenue pour la prophy-
laxie des infections causees par les virus du complexe
RSSE chez l'homme merite d'etre envisage.

7
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