
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 152, 554-556 (1976) 

Stability of Rauscher Leukemia Virus under Certain Laboratory Conditions (39438) 

HAROLD B. STULL AND AD1 F. GAZDAR 
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Type C viruses are commonly encoun- 
tered laboratory agents. Several type C vi- 
ruses, including known oncogenic strains, 
replicate efficiently in human cells, repre- 
senting biohazards of unknown potential. 
Virus mutants, conditionally or noncondi- 
tionally defective in replication, and viral 
recombinants, created deliberately or inad- 
vertantly , are also potentially biohazardous 
(1). The National Cancer Institute (NCI) 
has formulated guidelines for the laboratory 
handling of biohazardous agents (2), but 
relatively little is known about the survival 
.of type C viruses under laboratory encoun- 
tered conditions. In this report we describe 
survival studies on Rauscher leukemia virus 
(RLV) (3) which may assist the further de- 
velopment of safe laboratory handling pro- 
cedures. 

Materials and methods. Biological laminar 
cabinet. All cell culture and virus proce- 
dures were performed in a 4-ft laminar flow 
biological safety cabinet class I1 (BioQuest) 
with an average vertical air flow velocity of 
48 ft/min. Thermal temperatures of the cab- 
inet work surface were initially ambient 
(25"), gradually increased to 28-29" after 3 
hr of operation, and then remained steady. 
A new ultraviolet (uv) lamp (GE-G36T6) 
was installed into the provided cabinet fix- 
ture and activated 24 hr prior to use. The 
dose rate of the uv lamp was 500 pW/cm2 at 
the work surface distance of 54 cm. 

Virus. RLV stock was obtained from a 
chronically infected JLS-V9 subline (4) ob- 
tained from Dr. G.  Shibley. The cells were 
grown in RPMI 1640 medium supple- 
mented with 10% heat inactivated fetal bo- 
vine serum (FBS) and antibiotics. Superna- 
tant fluids were harvested at 24-hr intervals, 
clarified by centrifugation (4", 12,OOOg , 10 
min). Pooled samples were millipore fil- 
tered (0.45 pm), aliquoted, and stored at 
-70". The virus was quick-thawed prior to 
use. 

Virus assay. RLV was assayed by a direct 
focus assay. A1-2 cells are a clone of sar- 

coma virus positive, helper virus negative 
(S+H-)-transformed BALB/c peritoneal 
(BP) cells ( 5 ) .  Superinfection with B- or 
NB-tropic viruses results in the rapid devel- 
opment of foci of morphologically altered 
cells, similar to the S+L-assay of Bassin, et 
al. (6). Indicator cells were plated at a den- 
sity of 1 x 105/60 mm plate and duplicate 
plates infected (1 hr, 37") with 0.3-0.5 ml of 
virus dilution 24 hr later. Infected plates 
were fed with 7 ml of growth medium (Ea- 
gle's minimal medium supplemented with 
10% heat-inactivated FBS and antibiotics). 
Foci were enumerated 5 days after infec- 
tion. 

Drying method and uv inactivation. Virus 
samples were dried by spreading (glass 
spreader 1 x 20 mm) undiluted virus (0.1 
ml) over an area of 64 cm2 on 150-mm 
integrid plastic plates (Falcon) and exposed 
to the air flow of the safety cabinet. Since 
preliminary experiments indicated that com- 
plete drying was achieved in 8-10 min, virus 
survival studies were performed on samples 
allowed to dry for 10 min . At various times 
after drying, 0.5-1 .O ml of cold medium was 
added, and the virus reconstituted by scrub- 
bing with the glass spreader. This process 
was repeated, and the two samples were 
pooled and assayed immediately. 

Ultraviolet inactivation was determined 
by exposing plates of dried virus immedi- 
ately after drying to the uv lamp installed in 
the cabinet at a distance of 54 cm, and the 
virus reconstituted as described above. 

Polymerase assay. RNA-dependent DNA 
polymerase (RDDP) activity was deter- 
mined by a previously published method 
(7). Virus fluids were concentrated (4", 
lOO,OOOg, 1 hr) in a Beckman SW41 rotor 
and assayed for RDDP activity using the 
synthetic template (dt)lz-ls - (rA)n and re- 
sults are expressed as A-pmoles of 
[3H]dTMP product/ml of unconcentrated vi- 
rus after 60 min of incubation at 37" (1 pmol 
= 19,422 cpm). 

Results. The results presented represent 
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the mean values of two to three experi- 
ments, and unless otherwise stated, were 
obtained using a single serum lot. 

The thermal stability of RLV was tested 
at refrigeration (4"), ambient (25"), and in- 
cubator (36") temperatures, and the data 
presented in Figs. 1 and 2 and Table I .  
Infectivity and RDDP activity were most 
stable at 4" and least stable at 36" (Table I). 
At all temperatures tested, RDDP activity 
was more stable than infectivity. This is 
demonstrated in Fig. 2 by the decrease with 
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FIG. 1. Thermal stability of RLV. See Table I. 
Fetal bovine serum was omitted from the diluent of the 
specimen incubated at 25" and labeled "no serum." 
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FIG. 2. Differential survival of RLV infectivity and 
RDDP activity. See Table I. The ratio of virus infectiv- 
ity (FFU) to RDDP activity (pmol) is plotted as a 
function of time. 

TABLE I. SURVIVAL OF RLV INFECTIVITY AND 
RDDP ACTIVITY . l  

Half-life 

Incubation 
tempera- Focus forming ac- 

ture tivity RDDP activity 

4 7 days 25 days 
25 36 hr 10 days 
36 7 hr 13 hr 

Stock RLV was diluted in growth medium and 
incubated in a refrigerator (4") or water jacketed incu- 
bators (25" and 36"). Aliquots were periodically re- 
moved and tested for infectivity and RDDP activity. 
The figures represent mean values of two to three 
experiments. 

time of the number of FFU/pmol of RDDP 
activity. 

The infectivity of virus suspended in se- 
rum-free medium decreased more rapidly 
than virus suspended in medium supple- 
mented with 10% FBS. Serum lots varied 
considerably in their stabilizing effect, and 
the data presented were obtained with the 
optimal serum lots tested. 

The survival of dried RLV was investi- 
gated (Fig. 3). A thin film of virus was 
allowed to dry in the safety cabinet for 10 
min. Drying of the virus resulted in a tenfold 
reduction in titer. A further tenfold reduc- 
tion in titer occurred during the first hour 
after drying. Subsequently, inactivation pro- 
ceeded at a reduced rate, with an approxi- 
mate half-life of 1 hr. When ethanol (70%) 
was sprayed'onto the dried virus and permit- 
ted to evaporate prior to reconstitution, via- 
ble virus was not detected. 

Figure 4 shows the inactivation with uv 
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FIG. 3. Stability of air dried RLV in growth me- 
dium at 28-29" (Laminar cabinet temperature). Virus 
samples were spread on petri plates and air-dried in a 
safety cabinet under standard conditions, as described 
under material and methods. Samples on individual 
plates were reconstituted periodically and immediately 
assayed for surviving infectivity. 
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FIG. 4. UV inactivation of dried RLV. Virus sam- 
ples were spread on petri dishes, air-dried in a safety 
cabinet (see materials and methods), and exposed to 
the uv light source installed in the cabinet (500 pWI 
cm2). Samples were periodically reconstituted and as- 
sayed immediately for surviving infectivity. 
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irradiation of air dried RLV using the light 
source installed in the safety cabinet. Six- 
teen minutes of irradiation inactivated over 
5 logs of virus. 

Discussion. Our results indicate that the 
half-lives of RLV at refrigeration, ambient, 
and incubator temperatures are 168, 36, 
and 7 hr, respectively. Virus suspended in 
FBS-supplemented medium survived longer 
than virus suspended in protein-free me- 
dium. These results are in general agree- 
ment with those of Levy et al. (8) for the 
survival of RLV oncogenicity , and of Smith 
(9) for the survival of Rous sarcoma virus 
infectivity. RDDP activity was more stable 
than focus-forming ability at all tempera- 
tures tested. The greater stability of RDDP 
activity should be considered whenever it is 
used as an indicator of infectivity. 

After the first hour, air-dried virus had a 
half-life of approximately 1 hr. Exposure of 
dried virus to the uv source installed in the 
safety cabinet inactivated more than 5 logs 
in 16 min. Dried virus was inactivated also 
by spraying with 70% ethanol. The relative 
stability of dried virus and the known aero- 
sol stability (10) and spread of RLV induced 
leukemia (1 1) increase the potential bioha- 
zard of type C viruses. 

These studies indicate that RLV is rela- 
tively stable under a variety of laboratory 
encountered conditions, providing oppor- 
tunities for accidental exposure of labora- 
tory personnel, as well as inadvertant con- 
tamination of other virus stocks and cell 
cultures. Recommended laboratory proce- 
dures include the use of laminar flow safety 
cabinets, decontamination of the work sur- 
face and interior wall of the cabinet with 
ethanol, or other chemical agents, and ex- 

posure of the cabinet interior to uv light for 
at least 15 min between handling different 
cell cultures or viruses. 

Summary. The stability of Rauscher leu- 
kemia virus (RLV) was investigated under 
certain laboratory conditions. The half life 
of the virus at 37" was 7 hr, and consider- 
ably longer at lower temperatures. RNA 
dependent DNA polymerase activity was 
more stable than infectivity at all tempera- 
tures. Air dried virus had a half life of ap- 
proximately 1 hr, but was rapidly inacti- 
vated by uv light or 70% alcohol. 

We are indebted to Drs. W.  Emmett Barkley and 
Herbert K. Oie for advice and encouragement, and 
Edward Russell for technical assistance. 
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