
cuniulation o f  spt*ririitit~-like ac.ti\ ity i i i  cu1tut.c 
filtrates o f  R. r r r r t h i ~ ~ c . i . s .  Ho\ie\ ('I-. ihc 1)ossihiI- 
ity has not heel) tbxc*luc!(d (hat th(. acstiit- siilb- 
stance was initially prewit  ; t i  thv cw1tur.e as ai l  
inactive carbamyl coinyouid. 11 hich was h! - 
drolyzed during removal of bicarbonate pric )r  
to testing. Reaction of putrescine with carha- 
my1 phosphate has been deinonstrated i n  the 
presence of yeast and inold enz) mes 19) . I t  is 
perhaps significant that arcain. the diguaiiid! 1 
derivative of putrescine, was inactive in the 
present system; dicarhamyl derivatives of the 
active compounds have not let  heen tested. 

Sunzrnary. Speriiiine was active at a coiiceii- 
tratioii of 3 p iiioles per liter in alloijing 
groM th of a lysozj iiie-suscel)til)le strain o f  lj. 
anthl-acis in the presence of 1-4000 lysoz! iue. 
Spermidine. 1-3 propanediamine, putrescine. 
and cadaverine were respectively 1/2. 1 /20. 
1/40 and 1/200 as active as sperniine. The 
activity of all of the substances was overcoiiie 
hy  addition of 0.00.4M sodium bicarbonate to 
the niediuiii. 
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Multiplication of Echo 9 Virus in Suspensions of Human Leucocytes.* (27053) 

ROBERT R. BERG-: [Ititroduced by John P. Fox) 
Division 01 Epidr>miology. Pir hlic Hrv-drh Restlarch Institute of the City of New York, Inc. 

Isolation of ECHO virus type 9 from the 
serum of 10 of 18 children(1) indicates that 
viremia occurs commonly in human infection 
with this agent. In attempting to investigate 
a possible role of leucocytes during ECHO 9 
viremia, experiments were performed to de- 
termine whether human leucocytes in vitro 
were capable of supporting multiplication of 
the virus. A previous publication (2) reported 

the multiplication in vitro of measles virus in 
human and simian leucocytes. 

Materials and methods. Human blood cell 
suspensions were prepared by a modification 
o f  a previously described method (2). Venous 
blood was withdrawn from a healthy donor 
whose serum neutralized 100 TCDS0 of ECHO 
0 virus in 1:16 final dilution. Heparinized 
hlood was centrifuged at 1500 RPM for 10 

t Present address: Dept. of Pediatrics, Beth Israel taining 20% calf serum, penicillin and strepto- 
mycin. Final medium was adjusted to pH 7.4 Ilospital, Boston, Mass. 
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with NaHCO,. The final suspension, contain- 
ing 5-14 X loG nucleated cells/ml and an un- 
counted number of red cells, was delivered in 
1 ml aliquots to 125 X 16 mm screw cap test 
tubes. Virus. ECHO 9 virus, Hill strain, was 
furnished by Dr. Herbert A. Wenner. A stock 
prepared in primary rhesus monkey kidney 
cell (MKC) cultures had an infectivity titer of 
6.25 log TCD50/o.l m l .  V i r d  Assay. All infec- 
tivity titers were determined in MKC cultures, 
which were prepared and initially nourished 
in Hanks’ balanced salt solution (BSS) con- 
taining 0.5% lactalbumin hydrolysate (LAH) 
and %lo% calf serum. Prior to use cultares 
were refed with Eagle’s basal medium (4,s) 
prepared with BSS. Penicillin, streptomycin 
and mycostatin were added to both media. 
Serial 10-fold dilutions of inoculated blood cell 
suspensions were prepared in BSS with 0.5% 
LAH and inoculated in 0.1 ml aliquots into 3 
cultures per dilution. Cultures were kept sta- 
tionary at 36-37”C, observed for cytopathic 
effect and discarded after 2 weeks. Titers were 
calculated by the Reed-Muench method and 
expressed as the log TCDs0/ o.l m l  of inocu1u:m. 

Experimental. Propagation of ECHO 9 virus 
in the suspended blood cells was demonstrated 
in the following representative experiment 
(Table I ) .  A 1 ml cell suspension inoculated 

TABLE I.  Infectivity Titers of ECHO 9 Virus duri.ig 
5 Serial Passages in Human Blood Cell Suspensions 

over an 11 Day Period. 

Passage 
Level 

Day of 
Ex?. 

0 
2 
4 
7 
9 

11 

~~~~ ~~~~~ 

Max. Infectivity Titers 
of Sus ensions 

(log TCEsojo.i mi) 
Estimated * Observed 

3.25 - 
2.25 1.25 
1.25 2.25 

< .25 3.50 < 2 5  4.25 

.25 >2.25 t 

* Estimated titers, in absence of viral multiplica- 
tion, are based on dilution and the assumption that 
there is no loss due to thermal inactivation. Zero da;r 
titer is the calculated infectivity titer of the original 
suspension immediately after inoculation with diluted 
stock virus. Titer of stock virus was 6.25 log TCD5o/. 
0.1 ml. All titers were determined in MKC cultures. t Endpoint not reached at final dilution tested. 

with 0.1 ml of a 100-fold dilution of stock virus 
was incubated in a roller wheel at 35-36°C. At 
2-3 day intervals 0.1 mI aliquots were trans- 
ferred to fresh cell suspensions and at the same 

time the infectivity titer was determined for a 
similar aliquot. After 5 such subcultures, as- 
suming no viral inactivation at 35-36°C over 
an 11 day period, total dilution alone would 
result in the extinction of non-multiplying virus 
in the original inoculum. However, at this 
stage the actual log infectivity titer was 4.25, 
demonstrating that viral propagation had oc- 
curred. It was then shown in 6 of 7 successive 
experiments that multiplication of virus oc- 
curred during single passage in blood cell sus- 
pensions. In contrast, neither medium 199 plus 
20% calf serum without leucocytes, rapidly 
frozen and thawed leucocytes nor suspensions 
comprising only red blood cells supported 
ECHO 9 multiplication. This emphasizes the 
dependence of viral multiplication on the pres- 
ence of intact leucocytes. In similar experi- 
ments the virus failed to multiply in rabbit 
blood cell suspensions during single or multi- 
ple passages. 

Experiments were performed to determine 
from which fraction of the blood cell suspen- 
sion virus was recoverable. An inoculated sus- 
pension was centrifuged after 3 days incuba- 
tion. Cell-free supernatant fluid yielded ap- 
proximately 100-fold less infective virus than 
did whole blood cell suspensions when simul- 
taneous assays were performed in MKC cul- 
tures. It was not determined whether virus 
associated with cells was primarily intracellu- 
lar or surface attached. 

After 2-3 days incubation neither infected 
nor non-infected leucocytes appeared to attach 
to glass and the majority of cells maintained 
their characteristic morphologic appearance 
when stained with Wright’s or hematoxylin and 
eosin stains. The appearance of degenerating 
leucocytes in inoculated and uninoculated sus- 
pensions was similar. Mitotic cells were not 
observed. Study of numerous preparations 
stained with fluorescent antibody or acridine 
orange failed to indicate which cell of the 
leucocyte series supported viral multiplication. 

Discussion. It was shown previously that 
human white blood cells in vitro supported 
propagation of measles virus (2).  Demonstra- 
tion of the ability of human leucocytes in vitro 
to support the growth of ECHO 9 virus pro- 
vides one more example of the susceptibility 
of these cells to viral infection and reinforces 
the possibility that leucocytic infection may 
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occur in. vivo; further, it suggests that in 
studies of viremia leucocytes should not be 
excluded from specimens to be tested. 

The observations with ECHO 9 and measles 
viruses do not justify the assumption that leu- 
cocytes are universally susceptible to viruses 
which are known to produce viremia. In the 
case of infection with type 1 poliovirus. viremia 
has been well documented 8 1 .  However, ex- 
periments similar to those now reported and 
conducted recently in this laboratory have not 
provided evidence that type 1 poliovirus multi- 
plies in leucocytes. 

Whereas leucopenia is associated with 
ineasles. in human infection due to ECHO 9 
virus the peripheral white count is usually 
within normal limits or slightly diminished 
and may rarely be elevated early- in the illness 
6,’i ; consequently, although it is suggested 

that both viruses may infect leucocytes in vivo, 
it is not clear that such infection influences 

Leucoc yte survival. 
Srtnunary. Propagation of ECHO 9 virus in 

suspensions of human blood leucocytes has 
heeri described. 
___ -_ 
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Demonstration of Serological Specificity in the Reaction of Individual Gamma 
Globulins with Rheumatoid Factors by Hemagglutination.* (27054) 

W.4LLAcE Y. EPSTEIA ( 1 ritroduc-ed 1))  Ernest Jawetz) 
Thr ‘4llergy Clinic arid Rheicmatic 11iwn.w Group, Department of Medicine, 

r’nicersit\. o l  Caiifornirr School of  kfrdirinr, San Francisco 

Two general serological methods utilizing 
human gamma globulin for detection of 
rheumatoid factors in human serum are now 
being used. Human gamma globulin isolated 
by the Cohn alcohol fractionation method 
(Fraction 11) from pooled plasma may be 
coated on latex particles ( 1) or may be attached 
to red blood cells by means of a tannic acid 
bond(2). Although the sensitivity of the se\-  
era1 techniques utilizing pooled gamma glohu- 
lin vary, they are all characterized by an ah- 
sence of specificity for the several types of 
rheumatoid factor as defined by the second 
method in general use. The Gm system defines 
the rheumatoid factors by means of human Rh,, 
positive red cells coated with selected inconi- 

* Supported by grants from Bat. Inst. Health and 
Northern California Chapter of Arthritis and Rheu- 
matism Foundation. 

plete anti-D sera (3). The rheumatoid factors 
are defined as anti-Gm factors of differing 
tlpes depending on the Gm characteristics of 
the anti-D coat. Rheumatoid sera of the Gm 
ia  + ) type may be negative by this test or 
may show a marked prozone reaction. Harboe 
(4) has reported that such sera become posi- 
tive and lose their prozone reaction when the 
euglobulin fraction is studied free of the co- 
existing specific inhibitor contained in the 
serum pseudoglobulin fraction. 

Past efforts to utilize 7s gamma globulin 
isolated by physical and chemical means from 
individuals as a cell coating material to detect 
the several types of rheumatoid factors as de- 
fined by the Gm system have been unsuccessful 
(5,6,7). Isolated gamma globulin fractions 
from individuals have been either nonreactive 
or when partially denatured by heating or 




