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lipids were analyzed in patients with heredi- 
tary spherocytosis, pernicious anemia. sprue. 
intermediate thalassemia, sickle cell anemia. 
and polycythemia Vera using chromatography 
on silicic acid columns. The total lipid phos- 
phorus concentration was increased in the pa- 
tients with intermediate thalassemia and 
sickle cell anemia and may have been slightly 
decreased in the patients with pernicious ane- 
mia and sprue. 

No consistent difference from normal in 
distribution of the individual phospholipid 
fractions was found. I’ariations in the abso- 
lute concentrations of the individual phospho- 
lipid fractions reflected differences in the to- 
tal red blood cell lipid phosphorus concentra- 
tions. 

ADDENDUM. The red blood cells of a 56- 
year-old lady with paroxysmal nocturnal he- 
tnoglobinuria were analyzed and found to 
contain 4.14 mmoles//l lipid phosphorus with 
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Complernent-fixing Antibody Responses to ECHO Virus Types 12 and 19 
of Patients with Enterovirus Infections.” (27204) 

NATHALIE J. SCHMIUT, JUANITA DKNNIS AND KDWIN H. LENNETTE 
Viral and RickPttsial DisfasP Laboratory, Califomin State Depart inen1 of Public Health, Berkeley 

Instances of heterotypic complenien t-fixing 
(CF) antibody responses in individuals with 
various enterovirus infections have been 
cited by several investigators( 1-6), some of 
whom utilized heat-inactivated antigens ( 1 , 
2,5)? while others employed uninactivated 
antigens(3,4,6). In our recent study(7) of 
the antibody resIpnxs of individuals with 
ECHO virus infections, it was noted that a 
high proportion of the patients studied de- 
veloped heterotypic CF antibodies to ECHO 
virus types 12 and 19 (uninactivated anti- 
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gens); heterotypic rises in CF antibody to 
the 6 other ECHO virus types used as anti- 
gens were infrequently seen. An extension 
of that work to determine the frequency 
with which CF antibody to ECHO v‘irus 
types 12 and,/or 19 appears in individuals 
with enterovirus infections caused by a va- 
riety of immunotypes is reported here. 

Materials and methods. Human sera ex- 
amined. Sera examined for presence of CF 
antibodies to ECHO virus types 12 and 19 
were from patients with enterovirus i n k -  
tions confirmed by isolation of the etiologic 
agent and, in most instances, by demonstra- 
t ion of a diagnostically significant increase 
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in neutrdizing antibody (or CF antibody in 
the case o'f poliovirus inlfections) to the in- 
fecting virus type. All sera were inactivated 
at  60°C for 30 min. prior to examination for 
the presence of ('F antibodies and at  5 6 O C  
for 30 min. prior to examination in neutrali- 
za tion tests . 

Virus isolation attempts. ECHO viruses, 
polioviruses, group B and type A9 Coxsackie 
viruses were isolated f r m  stool suspensions 
in monkey kidney cell cultures (8), while iso- 
lations of Coe virus were made from throat 
washings inoculated into HeLa cell cultures 
(9 ) .  Group A Coxsackie viruses other than 
type 9 were recovered from stools inoculated 
into suckling mice less than one day of age 

CF an tigens 
for ECHO virus types 12 and 19 were pro- 
duced in HeLa cell cultures by the method 
recently described( 7) .  Poliovirus CF anti- 
gens were also prepared in HeLa cell cultures 
as described elsewbere( 11). All CF antigens 
were employed without inactivation by heat 
or other methods. Two units of antigen, as 
determined by block titrations ( 1 1 ) were em- 
ployed in all tests on human sera. 

Complement fixation test procedure. The 
method routinely used in this laboratory for 
CF tests has been described( 12). In in- 
stances in which the volume of serum avail- 
able did not permit use of the standard vol- 
umes of reagents, one-half volumes were 
utilized. 

Neutralizing antibody assays. Neutraliza- 
tion tests !for antibodies to ECHO, CW, and 
Coxsackie A9 viruses were conducted by a 
colorimetric procedure using HeLa cells( 13), 
and neutralization tests Ifor antibodies to the 
group B Comckie viruses were performed by 
a colorimetric method using the FL line of 
human amnion cells ( 14). 

Results. The occurrence of 4-fold or 
greater increases in CF antibody level to 
ECHO virus types 12 and 19 in 167 patients 
with enterovirus infections is summarized in 
Table I and Fig. 1. Among the patients with 
ECHO virus infections, a high proportion of 
rises to ECHO types 12 and/or 19 was ob- 
served with sera from patients whose stools 
had yielded ECHO virus types 2, 4, 6, 9, 11, 

(10) * 
Complement -fixing antigens. 

- tcm 10 - wriru. Inf.wn. 

FIG. 1. Proportion of patients with enterovirus 
infections showing 4>< or > rises in CF antibody 

to ECHO type 12 and 19 antigens. 

1 7  and 18 (Table I ) .  The small numbers of 
patients infected with ECHO types 2: 1 7  and 
18 might lead to speculation as to the signifi- 
cance of the percentage of CF antibody rises 
in patients infected with these viral t p .  
However, in the larger groups od patients in- 
fected with ECHO types 4, 6 and 9 there is 
obviously a high proportion of individuals 
showing 4-fold or greater rises in CF anti- 
body to ECHO types 12 and/or 19. The an- 
tibody increases occurring in the ECHO 11 
patients would appear significant, as all 3 pa- 
tients showed rises to both viral types in the 
absence of corresponding neutralizing anti- 
body, and the Ifact that 2 of the 3 patients 
were only one year of age would make it less 
likely bhat the CF rises represented anam- 
nestic responses to viral types other than 
ECHO 11 with which the patients might have 
experienced previous infections. 

It is of interest that none of the patients 
infected with ECHO type 5 or reoviruses 
showed rises in CF antibody to ECHO types 
12 or 19, and only one of the 10 patients 
with ECHO 14 infectiom manirfested a 44old 
rise to ECHO type 12. 

None of the 8 patients infected with Cox- 
sackie group A viral types 2 , 3 , 5  or 7 showed 
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rises in CF antibody titer to the 2 ECHO 
antigens, but a relatively high proportion of 
the few Coxsackie A9 patients displayed 4- 
fold or greater rises to these antigens. How- 
ever, as indicated below, the results of neu- 
tralization tests on the sera of these latter 
patients cast doubt upon the significance of 
the rises in antibody titer encountered in this 
group to the 2 ECHO virus antigens. 

Of the patients infected with group B Cox- 
sackie, Coe or polioviruses, 4-fold rises in CF 
antibody to the ECHO virus antigens were 
seen in no more than 2 patients in each group. 

Previous investigations on heterotypic C'F 
antibody responses in human enterovirus in- 
fections have not ruled out the possibilitj- 
that the rises in CF antibody level encoun- 
tered might have actually represented dual 
infections rather than heterotypic responses. 
Accordingly, sera from all individuals who 
showed 4-fold or greater rises in CF antibody 
to ECHO types 12 or 19 were examined for 
the presence of neutralizing antibodies to 
these 2 viral types. As a part of another in- 
vestigation, the sera were also tested for the 
presence of neutralizing antibodies to ECHO 
6 virus. Results of thme neutralization tests 

are sunimarized in Table 11. Few of the 
rises in CF antibody to ECHO types 12 and 
19 were associated with rising, or even sta- 
tionary, titers of neutralizing antibody to 
these viral types, and thus appear to repre- 
sent true heterologous CF antibody responses. 

On the other hand, neutralizing antibody 
assays indicated that the rise in CF antibody 
level to ECHO 12 and 19 viruses in the pa- 
tients with Coxsackie A9 virus infection was 
not associated with this infection: one of the 
3 patients showed a 4-fold increase in neu- 
tralizing antijbody titer to ECHO 12, while 
another showed a +fold increase in neutraliz- 
ing antibody to ECHO 6 which, on the basis 
of information obtained in this study, would 
appear to elicit heterotypic CF antibody re- 
sponses to ECHO types 12 and 19. Thus, i t  
would not appear that the Coxsackie A9 in- 
fections per se elicited the rises in CF anti- 
body to types 12 and 19. 

Other rises in CF antibody titer to ECHO 
types 12 and/or 19 which could be related 
t o  the presence of neutralizing antibody for 
one of these viral types were seen in one 
ECHO 2 patient, 2 ECHO 4 patients, 2 
W H O  6 patients (who showed a 4-fold rise 
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in  ('1; antibody to U 'HO 19 virus. hut a 4- 
fold rise in neutralizing antibody t o  ECHO 
12) and the only ECHO 14 and (:oxsackie B2 
patients who showed rises in C'F antibody 
titer to the 2 FX'HO antigens. 'The ('oxsackie 
H5 patient who showed a rise it1 C'F antibody 
to ECHO 12  virus showed a 4-fold increase in 
neutralizing antibody titer to ECHO 6 virus. 
and the rise in CF antibody may well have 
represented a heterotypic antibody response 
to ECHO 6 rather than Coxsackie B5 virus. 

Discussion. \:hen it was noted that an 
appreciable proportion of patients infected 
with ECHO viruses was giving heterotypic 
responses in CF antibody to KC-HO 12 and 
19 viruses, the identity of the CF antigens 
with respect to immunotype was checked by 
examining them in monolayer neutralization 
tests; each was completely neutralized by its 
homotypic immune serum, thus ruling out the 
possibility that contamination of the antigens 
with other viral types could account for their 
heterotypic reactivity. 

The only good evidence of possible im- 
munologic relationships between other en- 
teroviruses and ECHO types 1 2  and 19 was 
seen with sera from patients infected with 
certain ECHO virus types. The relatively 
high proportion of rises to ECHO types 12 
and 19 in the Coxsackie A9 patients would 
seem to be more apparent than real: results 
of neutralization tests on the sera of these 
few patients illustrate the fallacy of assuming 
the existence of immunologic relationships 
between viral types based upon examination 
of too few patients and failing to substanti- 
ate the results of CF tests with neutralization 
test data. Although a few of the patients 
with Coxsackie, Coe and poliovirus infections 
showed rises in CF antibody to ECHO 12 and 
19 viruses, the proportions in each group were 
too small to permit valid conclusions con- 
cerning any immunologic relationship be- 
tween these viral types. The single patient 
with a B2 infection who showed a rise in CF 
antibody to the 2 ECHO types was found to 
possess neutralizing antibodies for ECHO 19 
virus, and the patient with a B5 infection 
who showed a rise in CF antibody level to 
ECHO 12 virus was found to have a 4dold 
neutral'izing antibody titer rise to ECHO 6 

virus. I t  is conceivable that the few other 
rises in CF antibody to ECHO 12 and/or 19 
viruses in patients with Coxsackie, Cbe or 
poliovirus infections might have been heter- 
ologous responses to ECHO virus types os- 
tensibly related to types 12  and 19, e.g., types 
4, 6. 9: 1 1 ,  or to others for which a relation- 
ship has not yet been indicated. 

In recapitulation, therefore, while evi- 
dence is accumulating that the antigenic 
moieties of different enterovirus types re- 
sponsible for iformation of CF antibodies in 
man may be immunologically related, testing 
generally has not been extensive enuugh to 
provide a clear definition of the antigenic re- 
lationships which exist. However, it would 
appear on the basis of examining sera from 
larger numbers of patients that the hetero- 
typic rises in CF antibody to ECHO virus 
types 12 and 19 in patients in,fected with 
ECHO virus types 4, 6, 9 and possibly 1 1 ,  
may be evidence of an antigenic relationship 
between these viral types and ECHO types 
12 and 19. 

Summary. Sera from 167 patients with 
various enterovirus infections were tested 
against uninactivated CF antigens to ECHO 
virus types 12 and 19. Four-fold or greater 
rises in CF antibody titer, unassociated with 
the presence of neutralizing antibody to these 
2 ECHO virus types, were seen in an appre- 
ciable proportion of patients infected with 
ECHO 4: 6, 9 and 1 1  viruses, posibly indi- 
cating antigenic relationships of the viral 
moieties responsible for production of CF 
antibodies in man. No evidence was seen of 
a relationship between ECHO types 12 and 
19 and ECHO 5 ,  ECHO 10 (reoviruses) or 
ECHO 14, nor was there any good evidence 
of a relationship between these 2 ECHO virus 
types and the Coxsackie group A, Coxsackie 
group B or poliovirus types studied. 
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Kumins is gratefully acknowledged. 
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Much so-called elasticity olf lungs is due 
to forces acting at  the surfaces of small ter- 
minal air spaces, and is modified by presence 
a t  the gas-liquid interface of a film of sur- 
face-active material. Such material extracted 
from normal lungs has the property oi chang- 
ing surface tension to a great extent when 
surface area is changed(1). This property 
has been assumed to be related to the hyster- 
esis characteristically present in pressure-vol- 
ume curves of lungs when inflated with air 
(but absent when filled with saline) and to 
the stability of aeration of the lungs in ex- 
piration. The material presumably respn- 
sible for altering surface tension has been 
called “anti-atelectasis Ifactor”( 1). 

In lungs obtained Irom newborn intants 
(both stillborn and those that lived a short 
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perid) ,  there are high incidences of p r  
stability of aeration when artificially ex- 
panded and of decreased surface-activity in 
extracts examined with a surface balance of 
variable arm. Similar information about a 
smaller volume of more d5verse material was 
reported recently ( 2 ) . 

Numerical indices have been calculated for 
lung stability (L) from the deflation part of 
the pressure-volume (P-V) curve and {for ex- 
tract activity (S)n from the compression part 
of the tension-area curve. The lung stability 
index is: 

VlO - vo +%-. L=-- 
r-0 

v6 - V O  

VM denotes maximum lung volume, Vs and 
Vlo the volumes at  5 and 10 cm H2O and Vo 
the volume of trapped gas at 0 cm HZO. L 
varies between 0 and 1.5. Specimens tending 
to collapse on return to low pressure have 
low values of L. The extract activity index 
is defined as change of surface tension di- 
vided by average surface tension( 2 )  : 

ymax and Yrnin denote maximal and minimal 
surface tensions af the extract. S lies between 

S = 2 ( ~ m a x  - ymin) / (ymax + yniin) 

- 
7 S=S with diacritical mark in Fig. 1 and 2. 


