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Objectives 

The objectives discussed in this semiannual report are, part of a long-range 

study of the application of zonal centrifugation in virology and vaccine production. 

(Some of the objectives outlined below have been reported ,in part in previous 

semiannual reports.) 

1. To develop a reliable continuous flow centrifugation technique of 

isolating infectious respiratory syncytial virus (RS) which wou Id be 

useful as a production method. 

2. To isolate the small particulates (subunits) remaining in the virus-free 

harvest fluid from the B-IX zonal rotor and examine them by 

sedimen,tation analysis in the analytical ultracentrifuge and by electron 

microscopy. 

3. To determine the morphology of the intact virus and of the disintegration 

products of purified RS virus. 

4. To develop a complete system for isolating adenovirus subunits free of 

nucleic acid. 

5. To define the problems arising with virus isolation in contained systems, 

to determine centrifuge and component failure as a result of ethylene 

oxide sterilization, and to determine reliability of the present containment 

system. 

6. To develop rotor systems Jor ultrahigh-speed rate-zonal and isopycnic-zonal 

centrifugation of proteins and nucleic acids. 
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7. To examine the pr.oblem of growing adenoviruses on a large scale in 

containment systems in conjunction with the existing zonal centrifuge 

containment systems. 

Collaborative Research with Drug Firms 

Abbott. - A joint zonal rotor evaluation program is being carried out in collaboration 

with Abbott Laboratories, North Chicago, Illinois, to determine the usefulness of the 

B-V and B-IX zonal rotors for rhinovirus isolation direct from harvest fluids. A joint 

preliminary study was done at Oak Ridge with ECHO 28 virus in the B-IX rotor using 

potassium citrate density gradient. Results of this study will be included in a separate 

report since all production and assay of the virus and viral antigens were carried out 

in the Abbott Laboratories. 

Reports to us indicate that the B-IX zonal rotor gives a predictable cleanout of 

ECHO 28 virus from harvest fluid with recovery of the virus in a high state of purity. 

However, the 40,000 rpm operating speed of the B-IX is at the lower theoretical limit 

for efficient ECHO virus isolation with rotor systems of the B-IX configuration. 

Higher-speed continuous-flow-with-banding rotors are required which wi II permit 

flow~through rates of 4 to 6 I iters/hr with better than 99% cleanout. 

EI i Li /ly. - A zonal rotor evaluation program is being carried out with the EI i Li /ly 

Company to determine the usefulness of zonal rotors for routine production work, and 

to determine whether centrifuge results obtained initially at Oak Ridge can be repeated 

by an independent research group. The work at Lilly over the past seve~al months has 

, 

A. 
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involved a study of respiratory syncytial virus in the B- IV and B- IX zonal rotors 

and is contained in a separate report. Collaborative review of the requirements 

for a continuous-flow-with-banding rotor for routine production has led to tentative 

designs for rotor K-1. 

Wyeth. - Basic instruction in the operation of the B-XI zonal rotor system has 

been given to Mr. Leo Schneider over the course,of a 2-day isopycnic banding 

experiment of Type 3 adenovirus components in potassium citrate density gradient. 

Results of preliminary studies with adenovirus material obtained from Wyeth 

Laboratories are included in this report. 

Adenovirus Protein Separation Study 

Objective 

The isolation of adenovirus antigens in a state suitable Jor use as an experimental 

vaccine. 

Materials, Method,s, and Results 

The B- IV zonal rotor was used in the first attempt to isopycnically band 

adenovirus subunits in a potassium citrate density gradient. The results are shown 

in Fig. 1. The starting material for this run was 100 X adenovirus Type 7 as prepared 

by Wyeth Laboratories and dissociated in bicarbonate buffer at pH 10.5. The density 

gradient ranged essentially from 1.1 to 1.4 density units, and the large spike of 

280-mtJ-absorbing material was banded at density 1.22. Considerable 280-mtJ-absorbing 
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Fig. 1. Optical density profi Ie of pH 10.5 dissociated adenovirus 7 
banded isopycnically in potassium citrate density gradient in the B-IV zonal 
rotor. Starting sample was 24.8 ml and was introduced into the gradient at 
cut No. 30. Run time was 30 hr at 20,000 rpm. Gradient was preformed and 
ranged from 1. 1 to 1.5 in density. 
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material is found in fractions of greater density up to zonal cut 14. The starting 

fraction was introduced into the density gradient in about cut 30 so that all of the 

material seen on the run monitor had floated toward the center of the rotor. Using 

this method of placing the sample into the rotor it was hoped that free nucleic 

acids would sediment toward the rotor wall and eliminate contamination of the 

protein fractions. 

The second isopycnic banding attempt was on alkaline dissociated Type 4 

adenovirus in the B-XI zonal roto~. This rotor operated at top speed without the 

use of an upper damper bearing and therefore did not have to be continuously 

watched during the duration of the run •. A 25 ... hr run produced the results shown 

in Fig. 2. A 280-mIJ-absorbing band in fractions 3, 4, and 5 contains the bulk 

of the complement-fixing antigen. Although electron microscopy of the starting 

material did not indicate the presence of any particulates resembling the subunits 

previously found in the Adeno 7 preparations studied in this lab9ratory, a few 

particles simi lar in morphology to capsomeres were found in the recovered fraction 

3. The input in CF units was 1536 and the recovery was 400. All zonal fractions 

were extensively dialyzed against phosphate-ouffered saline to remove the 

. I 

potassium citrate prior to assay, electron microscopy, or analytical ultracentrifugation. 

Schlieren analysis of the starting material showed a minor component with an 

uncorrected sedimentation coefficient of 1.2 S. 

To determine the apparent differences between isopycnic banding in the B-IV 

and the B-XI zonal rotor, a sample of the material containing Type 3 adenovirus 

• 
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Fig. 2. Optical density profi Ie of pH W.5 dissociated adenovirus 4 
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analysis of the material from the peak centered in fraction 16 gave a 
one-component peak having a sedimentation rate the same as a control sample 
of human serum albumin. 
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subunits was spli.t and half run in the B-IV and the remainder in the B-XI. Figure 3 

shows the 280-mjJ-absorbancy recording of the resu Its of the B- IV run. Although 

the rotor was loaded with a preformed density gradient ranging from 1. 17 to 1.5, 

the recovered density gradient indicated a density shift toward the center of the 

rotor. The resu It was that the 1.22 density band was next to the rotor core and 

much of the protein adhered to the core. Figure 4 shows the comparable run in 

the B-XI zonal rotor. Here the recovered gradient was the same as the starting 

gradient, and the CF antigen was banded to zonal fractions at a density ranging 

from 1.20 to 1.22. The input was 832 CF units and the recovery was 480 units. 

Figure 5 shows the absorption spectrum of the dialyzed material from zonal fractions 

5, 6, 7, and8. The 280/26D-mjJ absorbancy ratios' were 1. 125 in cut 5, 1. 1-51 in 

cut 6, 1. 170 in cut 7, and 1. 179 in cut 8. Cut 5 thus has comparatively more 

'260-mjJ-absorbing material than cut 8. 

To determine what the reliability of the B-XI zonal rotor was in relation to 

consistency of results, two additional runs were made with separate samples of 

alkaline dissociate Type 3 adenovirus. The run monitors show that the CF antigen 

banded consistently at density 1.20 to "1 .22 in both runs. The recovery of the input 

CF units were 240 in and 240 out in the first run and 240 in and 480 out in the second 

run. 

The B-IX conHnuous flow rotor was used in a preliminary run to determine the 

cleanout efficiency and final concentration of Type 3 adenovirus from the harvest 

cu Iture. No CF activity was detected in any of the recovered cuts. Electron 
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Fig. 3. Optical density profile of pH disrupted Type 3 adenovirus 
banded isopycnically in the B- IV zonal rotor. The 2So-mIJ-absorbing material 
is banded at density 1.20 to 1.22. The sample was introduced into the density 
gradient at fraction 30. A similar aliquot of the starting material was saved 
for a B-XI run. 
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in fraction 6. 
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microscopy of the starting sample did not show any intact viruses after extensive 

searching. Electron microscopy of the material recovered from the citrate cuts 

having a density of 1.33 to 1.35 also did not show any intact virus particles. By 

comparison, a previous run using Type 2 adenovirus grown in KB ce'lls gave a sharp 

spike of intact virus particles in a high state of purity. These results were not 

repeated using Type 3 virus grown under different conditions. 

These preliminary results indicate that, as expected, virus subunits can be 

banded in density gradients in zonal rotors. However, studies to date have not 

explored the full potential of presently available systems in a rational manner. 

With the B-IV centrifuge the sedimentation rate and banding density of an antigen 

may be determined at all stages in the purification. In the design of a separation 

method the size, density, extent of aggregation of the desired m~terial, and degree 

of contamination should be ascertained at the outset and at each stage of purification. 

In the adenovirus instance, antigen may exist in the form of free subunits, aggregates 

of subunits including incomplete virus, complete virus, and aggregates of virus and 

tissue materials. When the state of the bulk of the antigen is known, the initial 

separation steps can be designed with a view to eliminate as much contamination 

as possible in the early~concentration steps., This appears now to be best done in 

a cascaded centrifuge system. Once the volume has been sufficiently reduced, 

then the problems of removing intact virus particles may be approached both 

physically and chemically. If subunits are found to exist free in solution, then 

a rate-zonal separation would probably give the best final purification. If possible! 
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the fina.' product should be shown homogeneous by a number of criteria. The problem 

of demonstrating the absence of nucleic acids will require infectivity studies, 

labeled-carrier nucleic acid studies to determine the degree of nucleic acid removal 

at each stage in purification, and use of very sensitive chemical and microbiological 

assays to determine the nucleic acid content of the product. New methods fo'r 

rapidly concentrating particles of capsomere dimensions from large fluid volumes 

are being" explored. 

Respiratory Syncytial Virus Isolation 

Objectives 

Basic research on respiratory syncytial virus (Long strain) is made especially 

difficult by the fact that the virus does not grow to high titer in continuous cell 

lines and is easily inactivated by a variety of procedures. The first objective 

of the research program has been to find a centrifugatio~ technique which'would 

permit rapid and efficient isolation, concentration, and purification of infectious 

RS particles from liter-volumes of harvest culture. The second objective has been 

to determine whether the infectious virus could-be disrupted into antigenically 

active subunits which would stimulate the production of neutralizing antibody, or 

whether the intact virus particle would be necessary for an effective vaccine. 

Associated with these two primary objectives has been follow-up work with electron 

microscopy of intact virus particles and partially disrupted virus and a search for 

antigenically active viral subunits from cell-free and virus-free harvest fluids. 
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The first objective has been realized with the development of an isolation 

technique using the newly developed B-IX continuous flow zonal rotor. This 

rotor combines the techniques of continuous flow centrifugation and isopycnic 

density gradient centrifugation in one process. The harvest fluid is pumped 

through the rotori and the virus particles sedimented from the flow stream' into a 

density gradient until they reach their isopycnic banding density where they remain . 

This eliminates any packing or deformation of virus particles due to pelleting. The 

virus can be recovered by displacement of the gradient from the rotor. Routinely 

better than 99.99% of the infectious particles are removed from the harvest fluid, 

and between 80% and 90% of these infectiou,s particles can be recovered in a 

single zone in a, comparatively small volume. This isolation process using sucrose 

density gradients has resulted in considerable purification while concentrating the 

virus more than 200 X. An additional 3 X to 4 X' concentration may be obtained 

by a second. isopycnic banding of this virus in a K-citrate density grad"ient. 

The second objective has been only partially reached. Attempts have been 

made to disrupt the intact virus under controlled conditions for ultrastructural 

studies. 

Materials and Methods 

In preliminary runs, O. 1 mg/ml bovine serum albumin was added to the density 

gradient to help stabi lize the virus. In more recent runs, albumin has not been 

added and viability has not been decreased. 

The sucrose density gradient containing the virus is unloaded 'from the rotor 
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at the end of the run by displacement during rotation with a more dense solution of 

sucrose. As the gradient is displaced through the core of the rotor it is passed through 

a flow cell and the absorbancy at 260 mil or 280 mil recorded continuously. The 

stream is collected in aliquots (20-40 ml) and used for further studies. A sample of 

each aliquot is sent to the Laboratory of Infectious Diseases for infectivity and 

complement-fixing-antigen assay. A sample of each aliquot is also dialyzed against 

phosphate-buffered saline (PBS) and examined in the electron microscope using phospho

tungstate staining. To obtain additional concentration, aliquots containing the intact 

virus are layered over potassium citrate and centrifuged for 2 hr in the Spinco No. 30 

rotor to concentrate the virus particles into an isopycnic zone. The recovered bands 

are then dialyzed against PBSto remove the citrate before electron microscopy. 

The normal background of cellular debris in the zonal cuts precludes ready 

identification of viral subunits from the crude sucrose cuts. Virus particles have been 

concentrated from the sucrose cuts by a second isopycnic banding over potassium citrate. 

This second density separation gives an additional separation of virus particles and 

debris and an additional concentration. Purification of virus particles by this technique 

has permitted an examination of disrupted and partially disrupted virus particles by the 

action of Tween 80 or Freon 113. Characterization of viral subunits from highly 

purified samples is a necessary prelude to attempts to identify simi lar particles in 

virus-free supernants. 

On the assumption that considerable amounts of RS virus are degraded to some 

degree during maturation of the virus or following freezing of the harvest fluid, the 

effluent from the B-IX continuous flow centrifuge has been processed in the B-V 



17 

continuous flow centrifuge to collect small particulates of subviral dimensions. 
, 

This material has been characterized in the analytical ultracentrifuge and electron 

microscope and compared with similar material prepared from control cultures of 

The effluent from the B- IX continuous flow rotor was passed through another 

... 
continuous flow rotor at low flow rates to collect particles with sedimentation 

coefficients below that of the infectious RS vin,Js. The particles are sedimented 

to the rotor wall in the' B-V rotor and collected from the wall after completion of 

the run. The pellet was resuspended in the harvest fluid remaining in the rotor 

and neutralized to about pH 6.8 with HCI to convert the red color of the indicator 

to yellow for the analytical ultracentrifuge runs. (The resuspended B-V rotor 

sediment was concentrated by lyophilization in certain cases to get sufficient 

material to give detectable Schlieren peaks.) All runs were made at 20°C, and 

the sedimentation coefficients were uncorrected for ionic effects and concentration 

of the particles. 

Results 

Respiratory syncytial virus particles have been separated from a large fraction 

of cell debris by sedimenting to their isopycnic banding levels (approximately 40% 

and 50% sucrose). The virus zones are recovered from the rotor by displacement 

of the loaded gradient from the rotor as described previously. The virus zones are 

collected in 20-ml or 25-ml aliquots and dialyzed to remove the gradient material. 

• Limited effort has been put forth to test various density gradient materials and ionic 

• 
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environments for optimal virus stabi I ity. The best stabi lity has been found to occur 

using sucrose buffered with 0.01 M or 0.001 M phosphate, pH 7.2 to 7.4, with 

0.9% Nae/. 

Figure 6 shows the results of one zonal run in which 2.5 liters of previously 

frozen harvest fluid was processed in the B- IX rotor. The figure shows the optical 

density profile at 260 m\-l of the gradient as it was displaced from the spinning 

rotor. Three main fractions centered in cuts 1, 3, and 9 are seen. The absorbancy 

in cut 1 may be due primari Iy to the methyl red indi cator. Infectivity assay is 

shown by the dashed I ine and indi cates a zone of infectivity centered in cut 10 

or at about 40% sucrose. The complement-fixing antigen distribution essentially 

fol lows the optical density curve with a peak coincident with the infectivity 

fraction. 

Electron microscopy of samples of each of the a/iquots of the above run 

indicated a fairly high background of nonspecific particulate material throughout 

all of the density gradient. Intact virus particles were found in the aliquots 

containing the infectivity peak. Since most of the high background material in 

cuts 1 through 8 did not. resemble virus subunits, attempts were made to find the 

origin of these particles. Figure 7 shows the results of two continuous flow runs 

in which noninfected HE-p 2 cell culture fluids were pumped through the rotor 

under the same conditions used for RS isolation. Figure 7a shows the optical 

density tracing of the material isolated from the control material. The dotted 

line represents the sucrose concentration of the starting two-step density gradient, 

.. 

,,' 
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Fig. 6. Total data obtained from one continuous flow run using infectious 
respiratory syncytial virus harvest fluid in the B-IX rotor. The major infectivity 
peak was centered in about 40% sucrose in this experiment, with a minor peak 
centered in about 50% sucrose. The complement-fixing antigen is centered over 
the major infectivity peak. The CF material near the rotor core is attributed to 
viral subunits which were trapped by the rotor but had not yet banded. 
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Fig. 7. Comparison of RS infected and control cultures. a shows a 
continuous run on host cell cu Iture (HE-p 2). The solid curve represents the 
absorbancy of the B-IX rotor density gradient, -.-.- • ..,..- is the recovered 
sucrose gradient, and ------- is the starting discontinuous sucrose gradient. 

If 
10 

b shows the results obtained with RS-infected culture. The sharp peak centered 
Tn fraction 12 and the smaller peaks in fractions 8 and 25 are attributed to viral 
material. 
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and the dashed line represents the recovered gradient after 3 liters of control culture 

was passed over the gradient. Figure 7b shows the comparison run of the same 

amount of fluid of vir,:!s-infected HE-p 2 cells. The optical density tracing shows 

an additional peak centered in cut 10. 

When larger volumes of harvest fluid are processed in the zonal centrifuge 
, 

(ca. 10 liters), the optical density tracings of the recovered gradient show additional 

peaks. It is not known yet if the additional peaks represent cell degradation products 

from infected cells or are truly viral in origin. An additional infectivity zone was 

found centered in 50% sucrose when la-liter batches of harvest fluid were processed. 

The significance of this second species of infectious virus is not known. 

The infectious RS virus can be removed from the harvest fluid with high 

efficiency and at a rapid rate. Table 1 shows the cleanout efficiency at different 

flow rates at a rotor speed of 40,000 rpm. The cleanout at a rotor speed of 

30,000 rpm has not been found to be significantly different. This similarity of 

c1eanout at two different rotor speeds suggests that there may be a few small-sized 

virus particles having a low sedimentation coefficient which do not get trapped in 

the rotor . Since the effluent titers on Iy about 10
3 

to 10
2

, it is not considered 

worthwhile to operate at higher rotor speeds or slower flow rates to isolate all 

infectious units from the harvest fluid. 

Schlieren analysis of material collected from the precentrifuged harvest 

fluid (B-IX effluent) indicated no species of particles were present which could be 

tentatively identified as viral in origin. 
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The techn iques used have been commun i cated to Li IIy Research Laboratories, 

and their confirmation of certain of these findings is reported separately. 

TABLE 1. - Cleanout of infectious RS virus in B- IX rotor at 40,000 rpm 

Sample No. 

2 

3 

4 

5 

6 

7 

8 

Objectives 

Flow-through rate 

I iters/hr 

Starting sample 

4.15 

4.20 

3.2 

3.2 

2.2 

1.2 

1.2 

Virus Isolation in Contained Systems 

Titer per 0.2 ml of 

effluent 

6 X 10
5 

2 X 10
3 

8 X 10
2 

8 X 10
2 

2 X 10
3 

9 X 10
1 

6 X 10
1 

6 X 10
1 

Virus isolation in the zonal centrifuge has required that the centrifuge and 

its accessory equipment be sterilized and operated in a sterile environment. One 

.. 
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method of doing this has been to house the centrifuge and its associated pumps and 

monitoring equipment in an enclosed area which can be steri lized and operated 

under steri Ie conditions. Such a containment system has been used for the large-scale 

isolation of respiratory syncytial virus and ECHO 28 virus from liter volumes of tissue 

culture fluid .and for the separation of subunits of adenovirus Types 3, 4, and 7 from 

intact virus and cel I debris. Engineering aspects of this containment system are 

presented in a subsequent section. Problems arising from dai Iy operation of th is 

steri Ie isolation system and the effi cacious use of such systems for production of 

useful vaccines are discussed below. 

Materials and Methods 

The containment system shown in Fig. 8 for the isolation of infectious 

viruses from tissue culture is essentially a complete laboratory housing not only a 

zonal ultracentrifuge but also analytical equipment such as UV spectrophotometer, 

density gradient engine, sample pumps, water coolant system, refrigerators, a 

low-speed centrifuge and a high-speed centrifuge, zone fractionator, a modified 

Westphal balance, glassware, and assorted items such as syringes, pipettes, tubing, 

. and vials. Manipulation of this equipment is though arm-length rubber gloves. 

The entire glovebox can be sterilized by ethylene oxide by an automatic control 

t 

system. Filtered air is pumped t~rough theglovebox to carry aerosols through an 

incinerator where the air is burned at 700 0 F. Aerosols are also exposed to UV 

lights within the glovebox. The temperature and humidity can be controlled 

continuously, and the temperature lowered to make the box essentially a cold room. 
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Fig. 8. Contained virus isolation system (CVIS). 
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This is of particular value when samples are to be concentrated by pressure dialysis 

or pressure fi Itration in the enclosure. 

Access to the interior of the glovebox is via a double door pass-through 

steam-gas autoclave on one end or by a double door exchange compartment on the 

opposite end. The autoclave is used for steam steri lization of glassware and other 

autoclavable items needed inside the box. It is likewise used to sterilize 

contaminated glassware and tubing after completion of a run. The autoclave IS 

used as a gas sterilizer to decontaminate nonautoclavable items such as centrifuge 

rotors before or after use. Virus stocks are passed into the glovebox after being 

wiped with formalin or 70% alcohol and are again wiped or dipped immediately 

inside the glovebox. Virus samples produced during the separation procedures are 

capped in steri Ie vials or in screw top test tubes and passed to the outside after 

being wiped or dipped in formalin. 

Spi lied materials in the glovebox, dialysates, wash solutions, and waste from 

the steamsteri lizer are dumped through valved ports in the floor of the glovebox 

to a drain sterilizer. These solutions are autoclaved 2 to 3 times longer than 

recommended sterilizing times before being drained into septic tank and drain field 

serving only this bui Iding. 

The laboratory shown in Fig. 9 is the analyti cal backup laboratory for the 

glovebox shown in Fig. 8. Samples generated in the glovebox are further 

characterized by absorbancy profi les and are checked for homogeneity or purity by 

sedimentation characteristics in the analytical ultracentrifuge • 
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Fig. 9. Analytical backup laboratory for the glovebox shown in Fig. 8. 
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Results 

The glovebox system currently in use permits sterile operation of the zonal 

ultracentrifuge and accessory equipment and convenient processing of the numerous 

samples generated by the centrifuge. Both continuous flow centrifugation and 

isopycnic centrifugation may be done. Several runs on the same virus can be 

made without resterilizing the entire glovebox each time. The rotor and accessory 

items are washed and gas-sterilized in the small autoclave before reuse. In this 

manner it is possible to process 50 liters or more per week. This volume is 

estimated from single dai Iy runs in which 10 liters or more can be passed through 

the centrifuge and the samples processed before the next day. With two or more 

people working in the glovebox, the flow-through volume can be increased 

appreciably. 

Containment Design Features 

Initial containment systems constructed during the program were of a 

simplified design with a steri Ie enclosure attached to the top of a zonal centrifuge, 

but a centrifuge drive and associated seals open to the outside. In the new system 

all equipment is enclosed without modification inside a large, welded aluminum 

frame28 feet long, 4 feet wide, and 7-1/2 feet high, covered with transparent 

acrylic sheeting. The experimental centrifuge systems installed are: the A-XII, 

the B-series, and an unmodified preparative ultracentrifuge. The B-series 

. centrifuge system was successfully used to separate viruses for over 30 biological 
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runs in the enclosure over a period of 9 months, without incurring any damage to 

the centrifuge system or associated instruments from the gas steri lant. 

- Bas i c System 

The schematic of the basic system is shown in Fig. 10. The enclosure is 

kept under a controlled vacuum of about 1 inch water pressure differential. The 

source of the vacuum is a stem ejector located at the top of the exhaust stack. 

The entire system is maintained at a negative pressure, making any leakage in the 

system to be inward. The exhaust from the containment cabinet is incinerated 

and exhausted at 750°F by a gas-fired incinerator. In a normal operating 

condition the containment cabinet is kept at 50°F and 20% relative humidity with 

about 5 standard cubic feet per minute {scfm} air flowing through the system. The 

cabinet is gas-sterilized at 130°F and 50% relative humidity at I')ear atmospheric 

pressure, using Oxyfume-12 as the sterilant. Any liquid discharge from the cabinet 

is steri lized .in the drain steri lizer system. To provide .the 'maximum safety, the 

system is designed to maintain a negative pressure, even with accidental removal of 

a glove. Even under this condition, the incinerator exhaust temperature does 

not drop below 750°F. 

Containment 

In, Fig. 8, a reversible conveyor system is shown which allows materials to 

be moved to any point within the cabinet. Rotors, glassware, and accessories are 

passed into and out of the sealed area through a, double door autoclave equipped 

.. 
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for gas or steam steri Iization. An exchange compartment with ultraviolet lights 

is located at the opposite end of the cabinet. A space for steri Ie suppl ies is 

provided beneath the stainless steel work surfaces. A thermoelectric refrigerator 

is used for temporary storage of separated viruses. A camera box is installed 

within the cOlJtainment to photograph banded samples in transparent tubes in a 

sterile condition. Glove ports are provided at several locations as needed for 

efficient and convenient operation. UV lights are installed in the ceiling of 

. the cabinet to provide additional steri lization as required. Neoprene gaskets 

are used to provide seals between the wall covers and the housing frame. 

Sterilant 

The Oxyfume-12 cylinder manifold station with automatic switchover is shown 

in Fig. 11. To prevent freezing within the piping due to expansion of the liquid, 

a steam heat exchanger with an automatic temperature control is used to maintain 

the gas temperature entering the containment at 130°F. The gas flow rqte is set 

by a manual needle valve. The steri lant gas concentration used inside the cabinet 

is 450 mg of ethylene o~ide per liter of volume at 1 inch water vacuum. A lower 

concentration of ethylene oxide during the steri lization period requires a longer 

sterilization time. To prevent possible explosion, all elec'trical li.nes to the 

containment space are cut off during the steri lization cycle. Also, 250°F maximum 

steam temperature is used in the steam heat exchangers and the heater within the 

containment to maintain the sterilant gas temperature at 130°F. A gas-density 

transmitter, operating on a force-balance principle, weighs a float attached to the 
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Fig. 11. Oxyfume cylinder manifold and automatic switchover station • 
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force bar, which is balanced against the initial zero spring. As the gas density 

increases, the float tends to move upward. This movement causes the force bar 

to move upward. This action closes the nozzle baffle gap, resulting in Increase 

in the nozzle back pressure, which is amplified in a pneumatic relay. The output 

of the pneumatic relay, or amplifier, goes to apneumatic recorder to record gas 

density, also to the feedback bellows to restore the force bar to its original position. 

The increase in gas density causes the force bar to move upward. The feedback 

bellows restores it to its initial position unti I the two are in balance again. The 

movement required in the transmitter lever is less than 1/1000 of an inch. A 

typical density-versus-output of the transmitter is shown in Fig. 12. 

The transmitter is accurate within 1/2%. The transmitter has two functions: 

to measure gas density and to control the Oxyfume-12 level in the containment. 

At the start of a steri lization cycle, the Oxyfume-12 is introduced at the base of 

the containment through a perforated manifold. The displaced air exhausts to 

atmosphere through the incinerator. As the sterilant gas reaches the desired level, 

the transmitter float is actuated. This initiates the sterilization cycle. This also 

turns on the sterilization timer and an explosion-proof motor-operated fan which 

circulates the sterilant within the containment. During this period, some of the 

air remaining in the containment is also mixed with the steri lant. The transmitter 

used up to now as a float level switch now functions as a transmitter to measure 

density. If the ethylene oxide concentration within the containment is below the 

desired level; the transmitter signal causes more ethylene oxide to be added to the 

.. 
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containment. Live steam is in jected into the containment dlJringsteri lization to 

maintain the cabinet humidity at 50%. After a predetermined steri lization cycle 

period, the timer initiates an exhaust cycle. A large amount of filtered air, up 

to 350 scfm airflow, is used to de-gas the containment, for a specified period, 

usually up to 10 hours~ 
., 

Air Conditioning 

At the completion of the sterilization cycle, the containment air conditioning 

-
system is actuated to control the containment temperature at 50°F and 20% relative 

humidity. The containment air conditioning system, Fig. 13, is designed to handle 

from 0 to 7-l/2 tons. To handle this load variation and yet maintain the desired 

temperature with a minimum possible differential within a containment, a special 

feature was added to a commercial air conditioning compressor. An automatic 

expansion valve was used in the discharge side of the compressor to supply up to 

1 ton (12,000 btu/hr) to the -suction side, bypassing the evaporators. By wrapping 

cooling coils around the housing of the motors, the heat necessary to evaporate 
( 

refrigerant in the bypass was obtained. Under a partia,l lo'ad, 1/4 ton, the bypass 

is used to maintain the suction pressure and required refrigerant flow to cool the 

hermeti cally sealed motor. At the fu II load, the bypass system shuts off automatically. 

Incinerator 

The discharge of the incinerators is maintained at 750°F at all times. However, 

by using the discharged air from the containment itself as a combustion air to ignite 
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the gas, the air itself actually reaches the .combustion temperature of the gas. 

Should a glove be removed accidentally, a large amo~rit of air (up to 350 cfm) 

would be passing through the containment and the incinerator. The incinerator 

temperature would normally dr?p considerably. However, the incinerator is fully 

loaded with a like amount of air from the atmosphere under normal conditions. 

(The operation of the incinerator is schematically represented in Fig. 14.) Valves 

used for auxiliary atmospheric air and the containment exhaust are equal but 

opposite in operation. Should the valve opening from the containment increase, 

the valve opening to atmospheric air closes proportionally. Thus, the incinerator 

itself does not sense the change in load, other than a slight variation in temperature, 

humidity, and possibly airflow velocity. This slight deviation is sensed and 

correCted by an automatic temperature controller with a reset. As an additional 

safety feature, the system is designed so that when the ciuxiliary atmospheric air 

closes completely and is 'wholly replaced by the airflow from the containment, 

which would occur if a glove were removed, incinerator temperature increases. 

Once the system is balanced, the temperature controller in the incinerator is not 

required. 

Vacuum Control 

A differential-pressure transmitter is used to monitor the difference in pressure 

between the containment and atmosphere surrounding the containment. As an 

example, when both the cabinet and surroundings are at identical atmospheric 

pressure, the transmitter output is at 3 psig. When the cabinet is at 3 inches of 

• 
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water below atmospheric pressure, the transmitter output is set to be 15 psig. Thus, 

the differential-pressure transmitter measures the containment vacuum against the 

atmospheric pressure and produces 3 to 15 psig signal as a linear funs;tion of vacuum 

from 0 to 3 inches of water. This differential in pressure is transmitted to the 

controller. A pressure controller set at a pressure corresponding to a 1-inch 

vacuum in the cabinet wi II control the vacuum control valve (containment exhaust) 

to either close or open depending on the vacuum measurement sensed by the .. 

transmitter,s. In a control application, a controller with a proportional band action 

only produces offset. (The offset is a deviation in a process from the control set 

points.) The offset is utilized in this case as a warning device to indicate the 

excessive leakage present in the system. The controller used to control vacuum 

in the cabinet also commands the auxiliary air valves to flow the required ~mount 

of air to maintain the containment at the desired vacuum. 

The vacuum control system described sO'far is not affected by the incinerator, 
./ 

• 
nor does it affect the incinerator itself. The cabinet, therefore, can be run under 

negative pressure without requiring a change in the controller setting with or without 

the incinerator in operation. This would sti" be true when accidental removal of 

a glove occurred at the cabinet. Jhe increase in airflow from the containment wi II 

continue as long as the containment vacuum is below the desired point. When the 

cabinet reaches the desired point, the increase stops and the proper flow is maintained 

to generate a 1-inch vacuum in the cabinet. 

• 
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Instrumentation 

Warning lights are activated at 0 and ,2 inches of water differential vacuum 

or pressure. At 3 inches of vacuum or pressure, the system shuts off. AI I system 

functions are initiated and controlled at the master panel. The master control panel 

has three recorders which record ethylene oxide concentration, relative humidity, 

containment temperature, incinerator temperature, and containment vacuum. The 

auxi I iary systems for the containment are interlocked in the master control panel. 

Any malfunctions in the system may be detected in the master control panel 

annunciators. Operations may not be resumed automatically unless the cause of 

a shutdown is corrected. Manual override, except for the safety points, is 

provided. In automatic operation the manual overrides are automatically ca!1celled. 

To start the system, the operator uses. two co~mand buttons, stop and start, 

and three optional select buttons: gas steri lize, incinerator, and air conditioning. 

Selecting the optional buttons does not start the system until the proper sequence and 

conditions are satisfied. If all three options are selected, the start command 

initiates the following sequence automatically: Oxyfume heater is started and 

temperature control is maintained, sterilant supply and incinerator are cut off, 

containment electrical power is cut off, containment vacuum is controlled, sterilant 

density measurement is activated, all valving from containment is closed except the 

vacuum control. If, and on Iy if, the above conditions are satisfied, the steri lant 

valve is opened. A satisfactory sterilant concentration initiates containment 

heater, fan, humidity controls, and timer. 
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The air conditioner and incinerator are turned on at the completion of the 

gas exhaust cycle. When the incinerator temperature reaches the design value, 

the panel signals readiness of the containment for use. The .steri lization process 

takes about 24 hr. The system is sterilized unmanned. In addition to the 

sterilizing sequence, the safety and controls are automated in the master panel. 

The system drawings are shown in Figs. 14 through 18. 

PneumaHc controllers, transmitters, and valves are used throughout the 

I 

. containment system for simplicity and economy. 

Drain Sterilizer 

, Any liquid discharge from the containment as well as from the double door 

steri lizers is coll~cted in the reservoir. When the reservoir level reaches 40 

gallons, it automatica'lly initiates transfer of the collected liquid to a steri lizer. 

When the sterilizer level reaches the predetermined value, the'sterilizer begins 

an automatic steri lization cycle by bringing the liquid temperature to 350°F and • 
maintaining the temperature for a 3-hr period. At the completion of the 

sterilization cycle, it initiates discharge, draining the sterilized liquid. 

Large-Scale Tissue Culture 

Extensive experience in continuous cultures of protoioans and limited 

experience in continuous culturing of L-cells at Oak Ridge has shown that several 

physiological parameters of the cells and culture media can be followed automatically. 

Cell number, pH, oxygen content, carbon dioxide partial pressure, and cell size can 

• 
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be monitored continuously and automatically to indicate the state of the cell culture. 

Similar procedures can be used for continuous monitoring of other mammalian cells' 

which would grow in liquid suspension. Such information would facilitate studies 

of infectivity and virus yield as functions of cell growth and stage in division and 

at the same time permit gram yields of cells for studies of cell-virus interactions. 

Plans are being formulated for the growth of adenoviruses on KB cells in 

spinner cultures. The complete eel.' growth, infection, and virus harv,est wi I I take 

place in containment in order to reduce chances of contamination. The engineering 

problems of such a contain'ment system are being considered. The media will be 

introduced into the containment systel!l for steri lization studies by way of a fi Itering 

system. This procedure is designed to eliminate any particles of viral dimensions 

from the starting media. The various modules of the containment system will be 

temperature and humidity control led where necessary and under positive pressure to 

further eliminate possible contamination. The modules where infectivity and virus 

growth are carried out wi II be under negative pressure to an incinerator system to 

decrease chances of virus contamination of personnel. The virus-harvest fluid will 

be pumped directly to the zonal centrifuge containment system nearby for immediate 

virus isolation or fractionation in one or more of-the zonal rotors. 
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