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Antagonism between structurally similar compounds provides a useful tool
with which to investigate biological processes. An example of how it has been
used as a guide to study virus-host relationships will be described in the present
paper.

Examination of many cases of competition between structurally similar sub-
stances has led to the conclusion that the inhibitory analogs compete with
their related metabolites when the latter function as substrates for a metabolic
reaction (1). Now, if one assumes, as Hirst has done (2), that influenza virus,
in causing hemagglutination, may be likened to an enzyme attacking a specific
substrate in the red cell, then it might be possible to inhibit this activity of the
virus by adding a suitably constituted analog of the substrate. Such an in-
hibition would be analogous to the blocking of the action of succinic dehydro-
genase by malonate, a close relative of succinate (3), as well as to numerous
other more recent examples (1). Although the postulated substrate which the
virus attacks in the red cell is unknown, the observations of Hirst and Hotch-
kiss (4) that periodate destroys that part of the erythrocyte which reacts with
the virus suggested that it is carbohydrate in nature. Therefore, in the work
now to be described, a number of simple and complex carbohydrates have been
tested for their ability to inhibit agglutination of chicken red blood cells by
influenza A virus. The virus-erythrocyte system recommended itself as the
simplest case of virus-cell relationship, and it was hoped that any agent found
effective in relation to it might find application in an animal host in which
multiplication of virus occurs (5).

A number of polysaccharides were found to be capable of inhibiting hemag-
glutination. Several of the effective agents examined contained large amounts
of galacturonic acid, although some were related to other sugars. None of the
simple carbohydrates tested showed any activity. Apple pectin, one of the
most effective substances, was studied in some detail.

Evidence was obtained that apple pectin exerted an effect on the virus as
well as on the erythrocytes. If the working hypothesis were correct, combina-
tion between the virus and the pectin would be expected, but reaction of the
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pectin with the erythrocytes would not be anticipated. The experimental
results suggested that interaction occurred between every possible pair of the
three participating substances (virus, polysaccharide, and cell). Therefore,
it was of interest to find that from the erythrocyte itself a substance could be
extracted which, like the carbohydrates, actively inhibited hemagglutination
by the virus.

Because apple pectin was quite able to inhibit virus hemagglutination it
was tested for ability to inhibit virus multiplication in embryonated eggs. It
was found that pectin was able to do this too. This was true not only when
pectin was given before inoculation with the virus but also when it was injected
1 to 2 hours afterwards.

Although the working hypothesis just outlined has led directly to positive
experimental results it does not necessarily mean that this hypothesis is the
correct one. The actual findings may have been coincidental and quite un-
related to the postulate that influenza virus reacts in an enzymic fashion with
a carbohydrate substance in erythrocytes.

The fact that apple pectin inhibits multiplication of virus in embryonated
eggs as well as hemagglutination is suggestive but does not prove that the two
phenomena are related. However, it is of more than passing interest that
alginic acid, a substance closely similar to apple pectin in both physical and
chemical properties, showed relatively little activity as an inhibitor of virus
‘hemagglutination and likewise showed little or no potency as an inhibitor of
virusmultiplication in the egg. On the other hand the substituted nitroacridin
3582, which has been demonstrated to have an inhibitory effect on the growth
of influenza B virus in embryonated eggs, exerted no apparent effect on hemag-
glutination (6). Furthermore, some hemagglutination-inhibiting carbohy-
drates, e.g: citrus pectin, did not reduce multiplication of virus.

Materials and Methods

Virus Preparations.—Influenza A virus, PRS strain, was used exclusively. This strain
was obtained as an allantoic fluid preparation from Dr. Frank L. Horsfall, Jr., of the Rocke-
feller Institute. Allantoic fluids from the third and fourth egg passages made in this labora-
tory were the source of virus used in the present study. With slight modifications, passages
were made and fluids collected and stored according to the directions of Hirst (2).

Sources and Preparation of Carbokydrates—Apple and citrus pectins, gum acacia, gum
'myrrh, alginic acid, agar, corn starch, galactose, ribose, glucose, and mannose were commercial
samples. Preparations of the specific polysaccharide of gum acacia (7), of the blood group A
:substance, and of cellobiuronic acid were supplied by Dr. W. F. Goebel of the Rockefeller
Institute. Galacturonic acid was obtained from Dr. M. A. Stahmann of the University of
‘Wisconsin.

The polyaldehyde of starch was prepared by the method of Jackson and Hudson (8), and
the corresponding acid was made by treating an aqueous solution of the aldehyde with an ex-
cess of cold sodium hypobromite and dialyzing the reaction mixture to remove excess reagents.
“The sodium salt of the polysaccharide was then precipitated from the aqueous solution by
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adding alcohol. Inositol galactoside tartrate was obtained from soybean lipositol as de-
scribed by Woolley (9). Neville’s method (10) was employed for the preparation of flaxseed
mucilage, and the aldobionic acid of rhamnose and galacturonic acid was made from it accord-
ing to the procedure of Anderson and Crowder (11). An extract from laked chicken RBC was
obtained as follows: Stromata were prepared from 150 cc. of washed chicken erythrocytes after
hemolysis with distilled water. These ghosts were washed 4 times with saline and then 3
times with water and finally suspended in 200 cc. of water and heated to 100°C. for 5 minutes,
The suspension was cooled and a clear solution obtained by high speed centrifugation.

In testing for inhibition of hemagglutination the various materials were dissolved in water,
usually in a concentration of 2 per cent, and adjusted to pH 7. Those which did not dissolve
in water, e.g. alginic acid and gum myrrh, went into solution on neutralization. Infrequently,
it was necessary to remove a small amount of insoluble residue by filtration.

Several methods of preparing solutions of apple pectin for injection into eggs have been
tried but that described below was the only one that yielded uniformly good results, Pow-
dered pectin, in small amounts at a time, was gradually sifted onto the surface of water heated
to about 100°C. and stirred constantly. The solution was then neutralized with 1 ¥ NaOH,
autoclaved (11 pounds for 20 minutes), and when necessary, the pH readjusted to 7 by the
addition of a sterile solution of NaOH. This method was time-consuming since about 3
hours’ effort was required to obtain 100 cc. of a § per cent solution but it produced consistently
clear solutions free of masses and insoluble residue. Departure from it often resulted in solu-
tions which contained particulate matter and showed less successful results when tested in
eges.

Titration of Virus by Agglutination of Chicken RBC.—Titrations of virus were made by
Hirst’s procedure (2) except that readings were made by the pattern test reported by Salk (12).
Serial twofold dilutions of allantoic fluid were made in saline,! using 0.5 cc. amounts. To each
tube was then added 0.25 cc. of a 1 per cent suspension of washed RBC from individual, adult
chickens. Results were read after the tubes had stood in a vertical position at room tempera-
ture (23-26°C.) for 2 hours. The highest dilution at which complete agglutination occurred
was taken as the end-point and this amount of virus was arbitrarily considered one agglutinat-
ing unit.

The following criteria, identical in most respects with those described by Salk (12), were
used in reading the tests: (1) A pattern considered characteristic of complete agglutination
was designated as ¢ (complete). This pattern consisted of a uniformly thin layer of cells
completely covering the concave bottom of the tube. It was easily seen as a salmon-pink
layer of cells when the tube was viewed either from the side or from the bottom. (2) A pat-
tern considered characteristic of the absence of agglutination was designated as 0. Here, the
cells did not stick to the margins of the bottom but slid down to the center forming a small,
compact, dark red mass with sharply defined, smooth edges. When tubes containing such
patterns were tilted horizontally the cells ran smoothly down the bottom and onto the side of
the tube, much in the manner of a drop of ink running down an inclined plane surface. (3)
A pattern considered intermediate between c and O was designated as p (partial). This type
apparently consisted of large clumps of cells which had settled to the center of the bottom of
the tube but invariably occupied a larger area than the patterns designated 0; had ragged
edges, and did not run smoothly on horizontal tilting. Furthermore, such patterns fre-
quently showed small areas of a thin layer of cells around their margins and a thin rim of cells
still attached to the upper periphery of the concave bottom of the tube. (4) A pattern con-
sidered as closely approaching that described as 0 was designated t (trace). On casual in-
spection, this pattern could not be differentiated easily from 0, especially when viewed from

1 Here, as elsewhere, saline means 0.85 per cent NaCl.
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the side of the tube. It too consisted of a small, compact, dark red mass, occupying the center
of the bottom of the tube. However, on closer inspection it was found that such patterns
were slightly larger than the 0 type. In addition, the edges were somewhat granular and on
horizontal tilting, when movement occurred, the cells tended to move as a single piece, rather
than run smoothly.

Titration of Virus by Infectivity for Embryonated Eggs.—Serial tenfold dilutions of allantoic
fluids to be tested were made in phosphate buffer? and 0.05 cc. amounts of appropriate dilu-
tions injected into the allantoic sacs of each of 2 to 5 embryonated eggs on the 10th day of
incubation. Incubation at 37.5°C. was continued for 48 hours, followed by chilling at 4°C.
for 18 to 20 hours. Allantoic fluid was then removed from each egg, and tested for its ability
to produce hemagglutination.

Inkibition of Virus Hemagglutination by Various Carbohydrales

Serial twofold dilutions of 2 per cent solutions of the substances tested were made in saline
in 0.25 cc. amounts. To each tube was then added 0.25 cc. of a 1 per cent suspension of
chicken RBC. This was followed by the addition of 0.25 cc. of virus-containing allantoic
fluid so diluted in saline that each 0.25 cc. contained approximately 4 hemagglutinating units
of virus (a 1-160 dilution of allantoic fluid). Positive controls consisting of only virus and
cells and negative controls of only saline and cells were included and the results were read after
2 hours at room temperature.

The data presented in Table I show that several of the materials tested pre-
vented the formation by influenza A virus of typical patterns of hemagglutina-
tion. Those showing a considerable effect were flaxseed mucilage, citrus pectin,
apple pectin, blood group A substance, gum acacia, gum myrrh, and the ex-
tract of chicken RBC. Many of the substances showing inhibitory activity
were polysaccharides rich in galacturonic acid. However, polygalacturonides
were not unique in this respect because gum acacia and concentrates of the blood
group A substance, both of which do not contain galacturonic acid, were effec-
tive. Alginic acid, a polysaccharide largely composed of mannuronic acid
units, was practically inactive. Furthermore, complex carbohydrates such
asstarch and the polyaldehyde or polyacid prepared from it by oxidation caused
no inhibition of hemagglutination. None of the simple carbohydrates, such
as galactose, galacturonic acid, the aldobionic acid from flaxseed mucilage, etc.,
exhibited any activity. The chemical composition and homogeneity of such
materials as the pectins, plant mucilages, and gums are not sufficiently es-
tablished to justify exact conclusions as to the nature of the configuration re-
quired for inhibitory action.

Effect of Various Carbokydrates on Chicken RBC in the Absence of Virus

Because a wide variety of substances are known to cause hemagglutination
(13, 14) experiments were performed to determine whether the materials studied
had any effect on RBC in the absence of virus. Tests identical with those

2 Except where otherwise indicated, phosphate buffer means 0.1 M sodium phosphate buffer
at pH 7.
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described in the preceding section, except that virus was replaced by saline,
were set up. For facility in comparison these data also are presented in Table
1. Several of the preparations tested in this manner caused some hemag-
glutination. Most of those capable of inhibiting virus hemagglutination did

TABLE I
Effect of Various Substances on Hemagglubination of Chicken RBC in the Presence of
Influensa A Virus and Withowt Virus

With influenza virus Without influenza virus
inal jon of inal concentration of tes
Test substance Fina :?l;ot:%:t-ly/u.f test Fina substance,tvly/ca. ¢
6666(3333/1666( 833 | 416|208 | 104 | 52| 26 131i666633331666833416208104 5212613
Flaxseed mucilage clclp|{pit]p|PiP|P c|p|pjt|t]|]tiofo]oO
Galacturonic acid c|c]cjecjc|lclefjciefo]Oo|O]|O[O|OjOjO[|O]O
Cellobjuronic acid c|lc|ec|clefciclc|fcjelfOojOo|O]OjO|O]|Of{O]O]O
Inositol galactoside cle]ecjcijclieci{ciec]c|cfit{tjt|OjOf(CjO|O]|O]|SO
tartrate
Citrus pectin pltftitltitipic|p|lpfpi{tjoOojololojoiofojo
Apple pectin plp|pltit|itipipitPplcipPp|{O0}j0}0]Oi0|0j0|O0}0
Blood group Asubstance] p | p | t (P[P [t |t |p|p[pjO}jO0]Oj0jOjO]|0{O0|[O]O
Galactose c|lc|c|c]c|cljcfc|fc]cjoOo|O]|O]|O[O|O}jO[0]0O}O
Flaxseed mucilage aldo- | ¢ { ¢ |c |[c|[c[c | e }lc|c|lclc|p|OfO[OfOjO[O]O]O
bionic acid
Glucose cle|cic]e|clecijec|ec|cjo|Ojojo|ojofo]jojO]0O
Mannose cjecjecfe|le|c]c]c|c|jcfOo|O|OfjO|O|OC|OjO|O]|O
Alginic acid plpipi{pjc|c|c|c|c]lcljt|[t]|OfOjO[OjOIO]|O]|O
Soluble starch® c|c|lcjclecjec|c|c|fcjc)jojolofojojo[o|O]|O}fO
¢“Starch polyacid” c|le|c|ec]cle|ec|clejc)jofjojofo|ojojO[O]O]|O
Gum acacia clecle|ipiplp|t|pipPiPfc|c|pj0|O0}jOjO|O}jO]|O
RBC extract plpitiplpiP]P g(of(ofojojo]oO
“Starch polyaldehyde” [c [c]c|c|c{ciciclc|cfjo|lo|o]ojojojejo]|o]o0
Gum myrrh* p|plp|p|p|PlPiP|(P|PlO]O}jOfO[O|]OfO|O]O]O
Gum acacia specific cjc|clc|c|eciecic|fc|cfhoO]OjoOflOjOjOfO|0O;0(0O
polysaccharide
Ribose cicjejc{cljec|clc|clelfcijc|{pP|O|]O}jOjO|OjO]|O
Agar agar clcl|e pl|o]|O
Normal rabbit serum ot |t |t|t]tip|p o|lojojojojo]lo]|oO

* Weight includes insoluble residue which was discarded.

so. However, a significant effect occurred only at concentrations higher than
those at which there was inhibitory activity. The meaning of this was not
clear, especially when it was found that some substances by themselves caused
hemagglutination but showed no inhibitory action.

Additional evidence that the polysaccharides affected the RBC was obtained
by showing that cells treated with a suitable concentration of apple pectin and
then washed with saline did not behave in the same fashion, when mixed with
influenza virus, as did untreated cells. Thus, 0.25 cc. of a 1 per cent suspension
of cells mixed with 0.25 cc. of apple pectin (3 mg. per cc.) plus 0.25 cc. of saline
showed no agglutination after 2 hours at 25°C. The tubes were then centri-
fuged lightly and the cells washed 5 times with saline and finally resuspended in
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0.75 cc. saline.  After the cells had sedimented 0.25 cc. of the supernatant was
removed and replaced by 0.25 cc. of saline containing 4 agglutinating units of
virus; the cells were resuspended and allowed to settle in the usual way. Read-
ings then showed that only partial hemagglutinaticn (readings of t or p) had
occurred. However, when these cells were again washed several times and
another 4 units of virus were added complete agglutination occurred. Further-
more, cells suspended in a hemagglutination-inhibiting concentration of apple
pectin and treated with virus before washing behaved in a similar manner.

Effect of Apple Pectin on Virus

In order to determine whether apple pectin had any effect on the virus itself
mixtures of the two were made and tested for infectivity in embryonated eggs.

1.8 cc. of a solution of apple pectin (10 mg. per cc.) in 0.08 M sodium phosphate buffer at pH
7 were mixed with 0.2 cc. of virus-containing allantoic fluid. After the mixtures had stood at
23-26°C. for 45 minutes they were titrated for infectivily in embryonated eggs as previously
described. Control mixtures in which phosphate buffer was substituted for apple pectin were
examined simultaneously. In one experiment alginic acid, in the same concentration a
pectin, was used as a further control. The IDjy titers of virus treated with pectin in this
manner were approximately 10~ whereas those treated with alginic acid and phosphate buffers
alone were approximately 10~

The results of four such experiments showed that the titer of virus mixed with
pectin was reduced by about 1 log.

Effect of Varying the Order of Mixing Apple Peciin, Cells, and Virus

The inhibition of virus hemagglutination effected by apple pectin was demon-
strable when the reactants were mixed in the order previously described;
i.e., apple pectin, plus cells, plus virus. Moreover, when pectin and virus were
mixed together and cells added to the mixture a similar inhibitory effect was
observed. However, when virus and cells were first mixed and pectin was then
added no inhibition was obtained. This finding indicated that the inhibition
of hemagglutination was not due to a change in viscosity or some other physical
property of the system, brought about by the pectin.

Difference between Inhibition of Hemagglutination Caused by Apple Pectin
and That Caused by Normal Rabbit Serum

The fact that normal animal and human sera inhibit hemagglutination{by
influenza virus has been demonstrated repeatedly (2, 15, 16). The data in
Table I illustrate this again. However, in contrast to the importance of the
order of mixing for the inhibitory action of apple pectin, normal rabbit serum
{heated at 56°C. for 30 minutes) caused inhibition of hemagglutination regard-
less of the order. Thus normal rabbit serum, when added after virus and cells
were mixed, prevented hemagglutination, whereas apple pectin did not.
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Inhibition by Apple Pectin of Virus Multiplication in Embryonated Eggs

1. When Pectin Was Injected Y4 Hour before Virus—One cc. of a 5 per cent solution of
apple pectin was injected into the allantoic sac of each of a number of embryonated eggs on
the 10th day of incubation. One-half hour later approximately 100 IDg; of influenza A virus,
in a volume of 0.05 cc., were introduced into the allantoic sac. After incubation at 37.5°C.
for 48 hours followed by chilling at 4°C. for 18 to 20 hours, the allantoic fluids were collected
and titrated individually for the presence of virus by hemagglutination, and in some instances
by infectivity for embryonated eggs. Eggs which had received virus alone or virus plus 1 cc.
amounts of saline or a 5 per cent solution of alginic acid served as suitable controls.

Results illustrative of the best that were obtained are shown in Table II.
As judged by the hemagglutination tests there had been considerable inhibition
of virus multiplication in all of the pectin-treated eggs. In order to be sure
that there was, actually, a reduction in the amount of virus, and that the pres-
ence of pectin in these allantoic fluids was not interfering with hemagglutina-
tion several of them were tested for infectivity. The results confirmed the
hemagglutination findings and furthermore, showed that in the fluids tested
no virus was detectable by this method. By subsequently adding known
amounts of virus to these fluids it was shown that the presence of residual pectin
in them did not significantly interfere with the detection of virus by means of
hemagglutination.

Four experiments like the one depicted in Table IT revealed that of a total of
37 eggs thus treated with pectin only 5 were positive for hemagglutination.
All controls were positive. Alginic acid was chosen as a control because of its
similarity in physical and chemical properties to apple pectin and because it
showed only a slight ability to inhibit virus hemagglutination.

Furthermore, when judged by the results of hemagglutination tests, 25 mg.
of apple pectin per egg afforded almost as much protection against 100 IDg,
of virus as did 50 mg. A decrease in virus multiplication was observed when
10,000 and even when 1,000,000 IDs, of virus were inoculated after the in-
jection of 50 mg. of pectin. For example, of 5 eggs given 10,000 IDs, of virus
all 5 were negative and of 5 eggs given 1,000,000 IDs, 2 were negative.

Pectin injected into the yolk sac in 50 mg. amounts either 34 hour or 24 hours
before inoculation of virus into the allantoic sac was not effective in inhibiting
the multiplication of virus.

2. When Pectin Was Injected 1 Hour after Virus.—Embryonated eggs on the 10th day of
incubation were inoculated with approximately 100 IDgg of virus and 1 hour later 1.0 cc. of a
5 per cent solution of apple pectin was injected into the allantoic sac of each. Appropriate
controls were inoculated with virus alone and with virus followed by 1.0 cc. amounts of saline
or 5 per cent solutions of alginic acid. The eggs were incubated and fluids barvested as pre-
viously described. Results were determined by hemagglutination and, in some instances, by
infectivity also. Of a total of 25 eggs so treated the allantoic fluids of 15 or 60 per cent have
not contained sufficient virus to produce hemagglutination.
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Influenza A Virus in Embryonated Eggs

Effect of Various Substances, When Injected 1/2 Hour before Virus, on the Multiplication of

o 2] | _
2 m_ coocococoocooo ooo = _ _
B
£ w_ o o o o ) _ _
£
- | B 0_ cooocooc0coe ©oO =} _ _
k-
° m# cooco o oo oocoooe 00_cccccc _
£
| m_ o000 o 000000000000_cccccc _
k] 4
2 | & m_ co0oo o 000000000000_cccccc _
g |8
2 | m_ coococoo 000000000000_ SRR TR TR TR _
3
COO00CO00 OO0 O0O | WuAauwLY
?
m_ 00000000000000000000_ccPccccc ccc_ 0 o
m_ OOOOOOOOOOOOOOOOOPOO_ccpccccc ccc_ TIN-Y
X3 o~ wy ~ o~ wv O 0
S _ 123456789NHHBMHMHBW%_HZ%M2%2W0. 3%M_33Wv3mw
o [7)
- M w _ o0 — <
g R
=]
3 ° © o
i -] -
g
@
QY A B o (3]
a8 e % £ g g £
w2, =% nm‘w .mc
£ a R z ]
(7] ot nw M
IO
oy .
K~}
o et )
gis

62




R. H. GREEN AND D. W. WOOLLEY 63

Results of a typical experiment are shown in Table III. It is evident that
pectin given 1 hour after inoculation of virus exerted a significant inhibition of
virus multiplication whereas alginic acid did not. The infectivity titers, how-
ever, showed that, in most instances, some multiplication bad occurred. A less
marked, but still appreciable, effect was obtained when the interval between in-
jection of virus and pectin was increased to 2 hours.

TABLE III

Effect of Apple Pectin and Alginic Acid, When Injected 1 Hour After Virus, on the Multipli-
cation of Influenza A Virus in Embryonated Eggs

Dilutions of allantoic fluid
S;?:?t:du Eo_ Hemagglutinin titers Infectivity titers
10 | 20| 40 | 80 | 160 | 320 { 640 | 1280 {2560 ] 0 | 108 | 108 | 100 {107 | 100
1 o{ 0l o] 0] Ol O} O] O} O] +1}+]|=x*
2 ol o{fo]j]o0f 00 0] O O[4|[+]| 0
3 0{ 0/ 0} 0} 0| Of O 0 O0]4+]0; 0
Apple 4 pl p{ p] O| O] O O| O} O
pectin 5 ol ol o} o]0 Of Of O O| O O} O
6 c|/ pjfO] OO0} 0} O[] O] O +{++ £
7 ol o]l ojo0)] 0fO0f O] Of Oj+]| 0] O
8 00l 00}l 0[ O] O} OO
. . 9 cj cl el cj c|l c] cic|op » +14+|+ O
:cll%mc 10 cl'c|l c|] c]cjc| c|] P|P +1+]+ +
11 cl cl cjclc|lelclc|p +14+] 0 0
12 cl cl c|l el ¢ c] ¢ ¢] ¢ + |+ +
None 13 c|l el e| ¢] ¢] cf c| ¢c| ¢ + | +| +

* Indicates that, at this dilution, approximately half the eggs used for testing were positive,

Effect of Other Hemagglutination-Inhibiting Substances on Multiplication
of Virus in Embryonated Eggs

A number of substances showing hemagglutination-inhibiting effect were
tested, in the manner described above, for the ability to inhibit multiplication
of influenza virus in embryonated eggs.

Citrus pectin, in 50 mg. amounts, flaxseed mucilage, in 10 mg. amounts, and
undiluted normal rabbit serum in 1 cc. amounts, did not inhibit the multiplica-
tion of virus. Gum acacia, in 50 mg. amounts, did show a significant inhibitory
effect when injected one-half hour before virus but showed no effect when
injected one hour after the virus.
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Toxicity of Apple Pectin for Embryonated Eggs

Apple pectin in 50 mg. amounts (1 cc. of 5 per cent solution) was relatively
non-toxic when injected into the allantoic sacs of embryonated eggs on the 10th
day of incubation. Thus, in a preliminary experiment all 3 eggs of a group so
treated survived to the time of hatching. Subsequent experiments in which
virus and 50 mg. amounts of pectin were injected into the allantoic sac showed
that of 196 eggs 28, or about 14 per cent, died within the 48 hour incubation
period.

SUMMARY

The complex carbohydrates apple pectin, citrus pectin, flaxseed mucilage,
blood group A substance, gum acacia, and gum myrrh as well as an extract of
RBC, when examined in a pattern test, were shown to inhibit the agglutination
of chicken RBC by influenza A virus. A number of other simple and complex
carbohydrates showed no inhibitory effect. The hemagglutination-inhibiting
action of apple pectin was examined in some detail and evidence was adduced
to show that it affected both virus and red cell. Apple pectin was also found
to inhibit the multiplication of influenza A virus in embryonated eggs.
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