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Effect of storage temperature on the stability of Lassa
virus complement-fixing antigen*
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Inactivated Lassa virus complement-fixing antigen is normallyprepared asa wetfrozen
antigen, andshipped in dry icefrom the CenterforDisease Control, Atlanta, Georgia, USA,
to other laboratories not equippedfor handling live Lassa virus. However, with this antigen
there is a considerable loss of potency during shipping. In the search for a more stable
antigen, inactivated Lassa antigen was lyophilized and subjected to different storage
temperatures. Lyophilization did not significantly affect the CF titre, and the lyophilized
antigen remained stablefor 15 and 28 days at 25 °C and 4 °C, respectively.

The rapid and accurate diagnosis of Lassa virus
infection is hampered by the lack of laboratories
specially equipped to handle such dangerous viruses,
particularly in the areas where the disease is endemic.
At present, only few research centres carry out routine
diagnostic tests employing live Lassa virus. Several
other centres conduct serological studies with beta-
propiolactone (BPL)-inactivated Lassa virus comp-
lement-fixing (CF) antigen. This inactivated antigen is
known to be stable for several months if stored at
-75°C; however, there is a significant loss in potency
during shipment between the Center for Disease
Control (CDC), Atlanta, USA, and laboratories in
endemic countries.
The need for a more stable diagnostic CF antigen,

able to withstand the conditions of shipment, stimu-
lated this study on the lyophilization of Lassa virus
antigen and the effect of various storage temperatures
on the stability of the lyophilized product.

MATERIALS AND METHODS

Cell cultures
An African green-monkey kidney-cell line (Vero)

was used for the propagation of Lassa virus. Details of
the preparation and maintenance of the Vero cell line
have been reported previously (1). The cells were pre-
pared for virus inoculations in tubes or 900-ml bottles.
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Virus strain

The PK strain of Lassa virus at the second Vero
passage (PK-V2) was used for antigen production.
The origin of the strain was human blood obtained
from an individual affected with Lassa virus in Nigeria
who subsequently died in England. Confluent mono-
layers were seeded with 0.1 ml of 10-3 virus dilution
per tube; while each bottle was inoculated with 0.7 ml
of 10-1 virus dilution. The virus titre was 106.0
TCIDr0perO.I ml.

Inactivation ofLassa virus

The procedure employed at CDC, Atlanta, was
used. Lassa virus-infected Vero cells showing
75-lOO0o cytopathic effect (CPE), were frozen and
thawed once, pooled and centrifuged at 1000 g for
15 minutes. The Lassa virus was inactivated by
thoroughly mixing 9 parts of the supernatant with
1 part of borate buffer, pH 9.3, containing BPL to a
concentration of 10-3, and incubating the mixture at
4°C for 18-20 hours. Control bottles of the same Vero
cell batch were handled in exactly the same manner as
the Lassa virus-infected culture. Safety testing of the
BPL-inactivated Lassa antigen and control normal
tissue culture was carried out in Vero cells. Each
culture tube was inoculated with 0.1 ml of the BPL-
treated Lassa antigen or the control cells. The main-
tenance medium, consisting of minimum essential
medium (MEM) with 2%7o bovine fetal calf serum
(FCS), was changed daily because BPL is toxic for
Vero cells. The cultures were examined for CPE 3-4
times a week and held on test for 7-10 days. A second
passage was made in fresh Vero tubes. Lassa antigen
was regarded as completely inactivated if there was no
CPE on both passages. All manipulations with Lassa
virus up to the certification of complete inactivation
were conducted in the Class IV facility laboratory of
the CDC, Atlanta.
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Fig. 1. Flow chart for treatment, lyophilization, and testing
of inactivated Lassa virus complement-fixing antigen.

CN ~~~A
,s,4- t+++B«'::s

-oE

0 10 20 30

Days.

Lyophilization ofBPL-inactivated Lassa antigen

The details of preparation of Lassa antigen for
lyophilization are shown in the flow chart (Fig. 1).
Lyophilization was carried out according to the
method described by Grieff & Rightsel (2).

Treatment ofantigen preparations

Representative samples of lyophilized Lassa virus
and control antigens were kept at 37°C, room tem-
perature (250± 1°C), or 4°C. Controls included non-

lyophilized wet-frozen BPL-inactivated Lassa anti-
gen, as well as inactivated non-lyophilized and
lyophilized uninfected Vero cells. At predetermined
intervals, two ampoules from each batch were recon-

stituted and separately tested for CF activity.

Guinea pig immune serum

Antiserum against Lassa virus was prepared in adult
guinea pigs (Hartley strain) by intraperitoneal injec-
tion as described by Wulff & Lange (1).

Complement-fixation (CF) test

CF tests were performed according to the micro-
titration technique of Sever (3).

RESULTS

The effects of lyophilization and storage tempera-
ture on inactivated Lassa virus antigen are shown in
Fig. 2 and 3. Lyophilization resulted in a 2- to 4-fold
decrease in CF titre depending on the suspension

Fig. 2. Complement-fixing titres of inactivated and lyo-
philized Lassa virus antigen after storage at 4 OC. Lassa virus
suspended in skimmed milk (A), bovine albumin (B), main-
tenance medium (C), and distilled water (E). The titres of
wet-frozen, non-lyophilized antigen are represented by
curve D.

Fig. 3. Complement-fixing titres of inactivated and lyo-
philized Lassa virus antigen after storage at room tempera-
ture (25 OC ± 10). Lassa virus suspended in skimmed milk (A),
bovine albumin (B), maintenance medium (C), and distilled
water (E). The titres of wet-frozen non-lyophilized antigen
are represented by curve D.
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medium employed prior to lyophilization. Antigen
suspended in skimmed milk or bovine albumin (BA)
retained its titre after lyophilization better than anti-
gen suspended either in MEM (supplemented with 2%7o
FCS) or distilled water. In all tests there was no signifi-
cant difference in the stability of antigen suspended in
skimmed milk or BA. Therefore only the results of
antigen suspended in BA are discussed below.

Storage at 4 °C
The CF titre of lyophilized antigen suspended in BA

remained unchanged (1:16) at 4°C until day 28; there-
after there was a 2-fold decrease in titre, to 1: 8, this re-
maining unchanged until day 56 when the experiment
was terminated. In the repeat experiment carried out
at the Virus Research Laboratory, Ibadan, Nigeria,
using the same batch of lyophilized antigens, identical
results were obtained and the CF titre has remained
unchanged (1: 8) at 4°C for 14 months. The titre of the
lyophilized antigen suspended in MEM remained at
the initial level of 1:8 for only 10 days; thereafter there
was a progressive loss of titre until day 42 when no CF
activity was detected. CF activity of the lyophilized
antigen suspended in distilled water at 4°C fell to zero
by day 7. The wet-frozen non-lyophilized antigen
showed a 4-fold reduction in CF activity within 28
days. All of the CF activity was lost by day 56.

Storage at room temperature

The CF titre (1:16) of lyophilized antigen suspended
in BA and kept at room temperature (25+1°C)
remained at 1:16 until day 15, dropped to 1:8 by day
26, and was undetectable by day 35. On the other

hand, the CF titre of the lyophilized antigen sus-
pended in MEM remained unchanged for 10 days, this
being followed by a continuous drop in CF titre until,
by day 26, no CF activity was detectable. The CF
activity of antigen suspended in distilled water was
completely lost within 10 days. The wet-frozen non-
lyophilized antigen showed a continuous drop in CF
activity and was completely negative on day 15 of
storage at room temperature. All antigen prep-
arations lost their CF activity within 24 hours when
stored at 37°C.
The duration of the lyophilization process did not

seem to effect the stability of the lyophilized antigen,
as antigens lyophilized for 24 or 48 hours gave ident-
ical results.

DISCUSSION

It is evident from the results presented that lyophi-
lized Lassa antigen suspended in an appropriate
protein buffer medium will retain its CF activity
longer than the wet-frozen non-lyophilized antigen
shipped under the same conditions. As the process of
preparing inactivated Lassa virus diagnostic antigen,
and certifying it safe for use in laboratories without
the facilities for handling the live virus, takes 3 months
or more, the advantage of the lyophilized antigen is
obvious. This is of practical importance when delays
are encountered in clearing such diagnostic reagents at
the ports of entry. In our experience, it has taken
3-4 weeks for Lassa virus diagnostic antigen to arrive
in Nigeria from Atlanta, GA.
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RESUME

EFFET DE LA TEMPPRATURE DE STOCKAGE SUR LA STABILIT, DE L'ANTIGtNE DU VIRUS DE
LASSA FIXANT LE COMPLtMENT

La capacite A fixer le complement que manifeste l'antigene
du virus de Lassa inactive par le j3-propiolactone, puis lyo-
philise, a e comparee A celle que poss6dait la preparation
antigenique non lyophilis&e conserv6e sous cong6lation.
Pour la pr6paration lyophilis&e, cette capacite s'est main-
tenue au meme niveau pendant au moins 15 jours A 25C et
28 jours A 4°C, alors que l'antigene congel6 la perdait dans
les 15 jours A 25C et donnait des titres reduits de plus de

4 fois s'il 6tait stocke A 4°C pendant 28 jours. Aucune des
deux preparations n'a pu resister A une temperature de 37°C,
les titres de fixation du complement devenant absolument
nuls dans les 24 heures. Ces r6sultats ont deja ete mis A profit
dans la pratique et l'on peut d6sormais envoyer des antigenes
de diagnostic lyophilises aux laboratoires qui ne sont pas
equipes pour la manipulation de virus de Lassa vivant.
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