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pH RESISTANCE OF FOOT-AND-MOUTH DISEASE 
VIRUS AND ITS COMPLEMENT-FIXING ANTIGEN (*) 

by 

Abbas Shafyi 

SUMMARY 

Foot-and-mouth disease (FMD) virus may retain very low degrees of in­
fectivity wh en exposed to low pH levels (2.8 to 5.1) for 5 minutes; such retention 
was most marked with type A virus. When exposed to low pH for 30 minutes. 
unmodified tissue-culture (TC) virus of types A, 0, and S.A.T. 1 completely lost 
infectivity below pH 5.6. There was no significant difference in this respect among 
the viral types. 

High passage virus in baby hamster kidney (BHK 21; C-13) cells developed 
decreased acid resistance, and this decreased resistance in type A virus was not 
associated with 10wered heat resistance. 

Complement-fixing (CF) antigen of types A. O. and S.A.T. 1 viruses became 
ineffective when exposed to pH between 2 and 3 on the acid side and pH Il and 
l.L in the alklaine range. There was no indication that FMD virus of types A and 
~.A.T. 1 was divided into smaller antigenic units ("soluble antigen") at modera­
tely acid pH values. Such division of type 0 virus, however, could not be com­
pletely excluded. ln most tests, the maximal serologic activity lay wh en the virus 
was kept in the moderately alkaline zone, between pH 8 and 10. Thus, it was often 
IJossible to increase the CF titer of TC virus by moderate alkalinization. 

The pH resistance of FMD virus has been the subject of many reports. The 
\ If us is extremely sensitive to acid. unlike that of sorne other picornaviruses, but 
1 t:tatively stable in the presence of weak alkali. 
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The earlier literature was reviewed by Randrup.9 According to more recent 
work by Bachrach et al.,l FMD virus of type A was most stable at pH 7.0 to 7.5. 
Below pH 4, the virus was totally destroyed within a few seconds. At pH 5 and 
6, there was also more or less rapid inactivation of most of the virus. However, a 
small amoilnt of infective residual virus remained which was very resistant to fur­
ther inactivation for at least 38 minutes. Bachrach et al.,3 were unable to isolate 
an acid-resistant variant from this resistant population, but Mussgay6 reported the 
Isolation of such a variant (type 0) in cultures with acid medium (pH 6.0.). ln 
(he alkaline range, a slow reduclioG of infectivity occurred even at pH 8 (90% 
within 3 weeks), a more rapid one at pH9 (90'1" within 1 week), whereas 90°0 of 
(he infectivity was lost in 14 hours at pH 10.2 It is known, from the older liter­
ature and practical experience, that 1 or 2% NaOH (as disinfectant) will destroy 
the infectivity of FMD virus almost im:tantaneously. 

According to Randrup,9 pH resistancc of the "soluble" CF antigen,ll which 
has a smaller partic1e size (7 mIL) than complete virus (22 mIL).' is greater than 
that of the infectious virus and the immunizing antigen. The titer of the CF antigen 
decreased slightly at pH 5.0 to 6.2 during 30 minutes and was reduced to between 
a fourth and a half of the original value at pH 3.2, but it was quite stable at pH 
9.0 to 9.1. On the whole, reported data on pH resistance of the CF antigen are 
rathee fragmentary. 

Kandrup conc1uded that, al slighlly acid pH, FMD virus divided into smaller 
units, which presumably repre~ented the "soluble antigen." Mussgay7 confirmed 
RaIldrup's conclusions specially for type 0 virus. He observed an increase of the 
CF titer in fluorohydrocarbon-treated preparations of complete virus that were 
exposed to pH 6.0 for 20 minutes and then readjusted to pH 7.2. According to 
Mussgay'sH theory, in acid environment FMD virus was split. Infective ribonuc1eic 
acid was liberated but immediately inactivated in tissues or cru de viral suspen­
sions by free cellular ribonuc1ease. The results that Bachrach1 obtained with type 
A virus did not support this hypothesis. When acidified to pH 4.1, the virus did 
not seem to split off infective riboT:èlc1eic acid. 

The purpoœs in this experiment we~e (1) to compare tle acid resistance of 
different serologic types of FMD virus, unmodified and modified by seriai passage 
in BHK cells; and (2) to te::;t the pH res;stance of CF antigen of 3 viral types, un­
modified by passage, to de:ermine which pH levels would yield the highest antigen 
titers. 

Materials and Methods 

Viral strains._ The field strains used belonged to serologie types A, 0, and 
S.A.T. 1 and originated from epizootics in Iran. The 2 type A strains (Teheran 
and Tabriz had serologic diFerences and may be considered as 2 distinct variants 
of type A. The same was t,ue for the two 0 strains (Rey and Sepahpoor) used, 
although the serologic difference between them, as indicated by results of CF and 

.. Passage strains developed by Dr. E. Traub and Mr. G. K. Kanhai from the Near 
l!;ast Animal Realth Institute. Razi S~rum and Vac:ine Institute. Teheran. Iran. 
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TABLE l - Acid Resistance of Low and High Passage Foot-and-Mouth Disea'se Virus of Type A 

, nfectivity 
al pH 

l'II 8 .2 
!U 
H.1I 

pH 7.~1 

7.8 
7.ï 
7.(; 
7.;' 
7 .4 
7.3 
7.2 
7.1 
7.0 

pl i 6.9 
G.8 
6.7 
6.6 
(U') 

6.4 
6.:1 
0.2 
6. 1 
6.0 

pH !).~) 

.s.R 
5.7 
5.ü 
S.fi 
!lA 
5.:3 
!).~ 

.s .l 

.s.O 

l'II 4.!l 
4.1> 
4. 7 
~1 .(i 

4. :-, 
'1.-1 
4.:1 
4.~ 

4. 1 
4.0 

l'II 3.9 
3.8 
:1.7 
:Uj 
:1..5 
:1.4 
J.a 
:l.~ 

:1.I 
J.U 

pH 2 .!1 
2.H 
~.7 

u; 
:L.r, 
~. 4 

2.:1 
2.2 
~. I 

~.U 

1'1-1 1.9 
1.8 

T est No. 1 

5·minute expusure 

:1 
passages 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
Ne!;. 

Tr. 

+ 
Neg. 

Tr. 

Tr . 

Tr. 

Neg. 
Tr. 

Tr. 

2~ 1 

l 'lissages 

+ 

+ 
+ 

+ 

+ + • 

Neg . 

+ 

Neg. 

+ 

+ 

+ 

+ 
Tr. 

Tr. 

T r . 

Neg. 

:J() ~ minute cxposu rc 

1 + 2 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

Neg . 

Neg. 

Ne;:. 
Neg. 

Neg. 

Neg. 
Ne;:. 

Ne!;. 

Neg. 

Neg. 

246-248 

+ 

+ 
+ 

+ 

+ 

Neg. 

Neg. 

'ego 
Neg . 

Neg. 

Ncg. 

Neg. 

Ne;:. 

Ne;:. 

Neg. 

Neg. 

Ne;:. 

-----------

Test No. 2 

:10-mÎnutc cxposure 

2 

+ 

+ 

+ 

+ 

+ 

+ 

+ ,~ 

Ne!; . 

Ne;:. 

N eg. 
Neg . 

Neg . 

Ne;:. 
Neg. 
Neg. 

Neg. 

Neg. 

Ne!;. 

267 

+ 

+ 
+ 

+ 
Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 
Neg. 

Neg. 

Neg. 

Neg. 

NeR. 
Neg. 
Neg. 

Neg. 

Neg. 

,', n el:tyed cy topa thogenil: e fIect. Tr . = Trac~ o [ cytopathogenic efIect onl y; subC'ulture~ were positive . 
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JABLE 2--Acid Resis tance of Low and High Pa ssage Foot-and-Mouth Disc.J 'ic Vi ru , of T ype 0 

'"J't 's t. Nil. 
T ...... t :"'0 . " 

Ji lIlil1l1tl' ":-':posu rc :tO~ 11l il1ldl' (·x l/t ..... ure 

Jnr,'(" ivity ~ ~;I;' :2:1:; + :!:,,", + 
;;0 IIIÎlIlIt, · ( 'XPOStlri' 

at l, II p:lS"';I~\"'; Il;lSS:tgl'S + '. :.!:i~ 1 :.!S:.! 

pH R,2 + + 
R l 
H,O + 

p li 7.!l + + 
7.R + 
ï.ï 
7,1; + 
7.G + 
7A + 
ï.:~ 

7::2 + + + + 
7.1 + 
7.0 + + + + 

1 Il ".P + 
4\.R + + + 
n.7 + ::. 

flJi + + + + 
".:1 + ,;, + 
';, ·1 + + 
1;.:; + + + 
l i.:! + * 
li . 1 + ::: + N,,/: , 
ti,ll + ,;: + ~: Ne,:. 

l' II ;Ï.H Nl'g. + " + + 
!i.R N ,'g. 

!l.7 N~~, 

Ii,Ci Neg , 
fi . .ï + 
!lA 
Il.:l 'eJ.! . 
;).2 !'\cg, !'\eg. 
;;. 1 Neg. !':eg. 
:1 (J N eg, 

- - -- -
l'I I .1. !l Neg . N~g. Neg, Ncg. 

ü~ 

~1. ï Neg. NCJ!. Nef{. Neg. 
oUi Neg. Neg. 
~I.;) NcJ.!. Ncg. Neg, 
·1. ,1 Neg , Nef{. Neg, ",e~ , 

,1. :1 

·1.2 N~g, Ncg. 
-1.1 'J'r. t f•g . ]'.:('g . ::"\t.-'g. 

, I.() 'J'r , Neg. 

l'II :L!I X<,g. N('g. Ne,!.! . !'\l'J..:'. 
:1.1' Neg. 
:1.7 'Ncg. Neg. Neg. Ne/;. Neg. 
:Ui 
:';':1 Npg. l'cg . 
:;',1 Neg. Neg. 
:1.:; Nl'g, Ne/:. 
:I. ~ NI'I-! . Nl'g. 
:;. 1 NC'g. Npg . Npt-: . 
:I. () Neg. Nt'g . 

l' II :! .~I Nt·g. 
~.H Nj·J.!'. Neg. N('g. N C'J..:'. 
:l.i Nef{. N('g. 
:.!./i 
:!':i Npg. 
:l A 
:1.:1 

2.:! 
~. l 

2. 0 

pH l.!l 
l.H --- .. - --- ------

:;: " r. l . •· .... , 1 ,.."fr\TIHtho!!f'nÎc efTecl. Tr. = '.1 'race of c~, jop: tfh( t?c n Îr: pfTocL nn l v ~ ,s" }lc'llll lr", \4'nn~ uo .... i t iv,~ 
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TABLE 3- Acid Resistance ot Low and High 
S.A.T. 1 

--- ---
T est 

5-minute exposure ---- - - - -
In[ect ivity ;) 145 

at pH passages passages 
--------- --------- -

p l! H.~ 
iU 
KU 

" I! 7 .!J 
7.H ... 
7. 1; 
7.Ii 
7.-1 
1,01 

7.~ 

7. 1 
7. 0 

p l! n,H 
f i.~ 

l i.7 
fi,(i 
fi':; 
(;. ·1 
t;.:i 
li .:.! 
l i .l 
li.l) 

p l! ;'.!J 
r,.H 
;),7 

rdi 
5.5 
fi. -1 
:).:l 
fl.~ 

:'i.' 
;' ,0 

p l[ -L! l 
'U~ 
·1. 7 
·I ,(i 
·1.:"i 
·IA 
. 1.:\ 
.!.:! 
• 1.1 
·1.0 

l'JI ;UJ 
:LH 
:1.7 
:u; 
:u. 
:1,4 
:1.:1 
:\.~ 

:1.1 
:I.() 

pH 2.!! 
2.8 
2.Î 
:l.f} 

~.!j 

~.4 

2.:1 
~.2 

:U 
2.0 

l'Il I .!I 
I.X 

+ 
+ 

+ 
+ 

+ + 

+ 
+ + 

+ 
Tr. 

T r. 

Nl'g. Neg. 

Neg. N,·g. 
N(1g. 

T ... 

Neg. N,·g. 

Ne/( . 
Ne;:. 

1'\t'g. 

l C~ . 

N,,/!. 

Ne/(. Nl'/(. 

Nt·g. 
N,·g. 

:-\('g. N,·/( . 

Nl·g . 

NC',l! . N (·g. 
Ncg. 

Neg. 

Passage Foot-and- Mouth bisease Virus of Type 

--------
No. 

T est No. 2 

JO-minute expOf;urc JO-minute cxposure 

WB 2 :!:.W 
.. __ ._----

+ 
+ + + 

+ + 
+ + 

+ 
+ + 

+ 
+ + 
+ + 

+ Ne!:. 

+ + 
Neg. :-<cl(. + 

Nel(. Npg. 
~l'r::. Nl.·g. + 

Nl·g. NOl(. 
Nl'g. + 

Ne/(. N'·I(. 

Neg. No):. 
Neg. Nl'g. 

Ncg. Ne):. 
;-';PJ.!. Nl'!!. 

- -------

Nog. Ne;:. Ne):. No;:. 

Ncg. Nog. 
Nell· Neg. 

Nell. 
Neg . Nl·g. 

~cg . Nel(. 
Nell . Ncg. 

Nt·g. 
Ne/(. Np.!.!'. 

Nell· Neg. Ne/(. 

Neg . Ne/( . 

Neg. Nell. 
Npg . ::-<el(. 

Neg. 
Ne/:. N(·g. 

Nl'g. N,·g. N,·g. 
Npg. 

,~ 1 )\,1:\.\'<,<1 eylol';d hogt'IlÎ(' cJfl'('t, Tr. =: Tr;1 cC of cy topHfhogcni c l'fIed only- ; sul )('u lt ll rc-s WCfe posi tiv~ . 
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neutralization tests, was relatively slight. 12 Of type S.A.T. 
(the only strain in our colle:::tion) was used. 

virus, strain Shiraz 

ln experiments on infectivity, acid resistance of low passage (unmodified) 
virus of strains Teheran (type A), Rey (type 0) and Shi raz (type S.A.T. 1) was 
compared with that of high passage or the same strains in BHI< 21 cells.* In these 
tests, the acid resistance of low passage of type A (3rd and pool of Ist and 2nd 
passage in test No. 1 and 2nd passage in tests No. 2) compared re3pe:::tively with 
that of high passage of the same strain (passage 221 and pool of passages 246. 
247, and 248 in test No. 1 and passage 267 in test No. 2). 

The acid resistance of low passaee of type 0 (2nd passage and pool of Ist 
and 2nd passage in tests No. 1 and Ist passage in test No. 2) compared respectively 
with that of high passage of the same strain (passage 235 and pool of passages 
235, 258, and 259 in test No. 1 and passage 282 in test No. 2). 

The acid resistance of low passa[e of type S.A.T. 1 (3rd and ISe passage in 
test No. 1 and 2nd passage in test No. 2) were compared respe::tively with that of 
high passage of the same strain (passage 145 and 198 in test No. 1 and passage 
229 in test No. 2). Tissue culture f1uid from bovine embryo kidney cells infected 
with these strains was used in the tests. The mainte:lance medium in t1ese cultures 
was YM3, which contains NaHCO J as the only buffering substance. 

ln CF tests, TC f1uids from BHK cells infected with the resJ:e:::tive un­
modified strains were u~ed as antigens. The pH res:stance of CF antigen of 
modified passage strains was not tested. 

pH Act1ustments·-Certain quantitites of 0.267 N HCI or 0.267 N NaOH were 
added to 7-ml. amounts of infectious TC f1uid to obtain the necessary pH levels. 
The amounts of acid and alkali used to 'obtain the respe::tive pH values were 
previously estimated in tests with noninfe::tious TC f1uid. A pH meter* was used 
in ail tests. The f1uids were kept at the respective PH levels at temperatures bet­
ween 25 and 26 C. for 5 or 30 minutes. The exposure Lime in experiments with 
CF antigen was 30 minutes. Hereafter, the pH was adjusted to the original values 
by adding appropriate amounts of 0.267 N NaOH or 0.267 N NCL. 

Injectivity Tests·-Since ail viru~es we~e highly cytopathogenic for ovine 
embryo kidney ceUs, infectivity of th·e acid or alkali-treated preparations was 
tested in such cells. Primary cultures of ovice embryo kidney were wost suscep­
tible;b in subcultures, a Iesœr degree of seasitivity was frequentiy seen. Fully in­
fective preparations had a complete cytopathogenic effect, whereas others, in which 
the infectivity was affected by pH, had an inco~plete cytopathogenic effect. ln 
'such instances, the presence of infective virus wa~ confirmed by transfer to other 
ovine embryo kidney cultures. 

Complement-FiXatwn Tests._ The method of Traub and Mi:ihlmann JO with 
minor modificationsY was used. ln every experiment, the type specificity of the 

* Dynacap, Catalogue No. 11077 W.G. pye and Company Ltd .. Cambridge, England. 
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PH 

50 

55 

6.0 

6.5 

7.0 

7.5 

6.0 

antigen was confirmd with hon:otypic and heterotypic guir:ea pig immune serum, 
and the antigens were titrated in dilutions of 2J to 2-3 against homotypic serum 
1: \0 or 1 :20, depending on the stre~gth of the serum. The amount of fixation was 
estima~ej vi,ually after ,dÎine!ltation of the unlyœd cells. 

The "mean fixation" in the range 2J t02 3 was cal::ulated by adding the values 
recorded for successive individual antigen dilutions (4+ = 100%; 3.5 + = 87.5"{,: 
3+ = 75'X,; 2.5+ = 62.5u~; 2+ = 50')!,; 1.5+ = 37.55",,; 1+ + 25%; 0.5 + = 
12.5";, and trace = 6.25%) and dividing the sum by 4. The volurr.e increase by 
addition of acid and alkali was conside:-ed in the ca\culation of the cumulativo 
values. The corrected mean fixation vah.:es were plottd against the pH values 
measured. 

ResuUs 

Infe::til;itY--Acid-treated TC f1uids continud to te slightly infe:tive after 
exposure to low pH for 5 minutes (Tables 1-3). This cccurrd more freque:ttly 
with vir~'s of type A tha!1 with the 2 oCle~ vira! types. Exponre for 30 minutes 
destroyed infectivity at pH levels below 5.6 in every instance. There were no 
markej differences in the acid resistance of low-passage strains of different viral 
types . 

• = FULL INFECTIVITY .~ DECREASED INFECT/VITY 

TYPE A TYPE 0 TYPE SA TI 

TEST. 1 (EST.2 TEST , TEST 2 TEST , TEST.2 

p;; 

r::" 
,~ V, 

'-

/ 

2 2'1 , -2 235 282 2 229 
256 
259 

PASSAGE No. 
----_. ----

Fig. 1· --Aciel rc,i,t,lncc of infcctivc foot-,md-mouth discase virus of typcs A, 0, and S.A.T. 1. 
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2.- A "TEHERAN" /6 hs. 

3, A "TEHERAN" 39 hs. 

• : A " TEHERAN " .9 hs . 

S, A "TABRIZ·" , 29 hJ. 

Fig. 2-The pH resistance of complement-fixing antigen of foot-and-mouth disease ·.:rus of 
type A 
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High passage strains were usually less resistant to acid than low passage 
strains when exposed for 30 minutes (Tables 1-3; Fig. 1). The only exception was 
virus from passage 198 of type S.A.T. l, which had not been passed often enough 
to show the difference. The difference, how-ever, is definite with virus of passage 
229. 

It is possible that the lessened infectivity in sarnples of treated virus failing to 
have a complete cytopathogenic effect (marked by asterisks in the tables or hatch­
ing in Fig. 1) was due to acid-resistant viral particIes. 

2 
'l, 

110 

~ 70 
0 
;:: 60 ...... ... .. .. oq; . . , . . ...... -. r· . 
'" JO . . 
i;: . - . 

• 0 
. . . 

~ , 
~ 30 • 
~ 20 

10 

0 

2 ] , 5 6 7 6 fi 10 Il 12 2 J • 5 6 7 6 !i 10 /1 12 

PH PH 

] 

1:0 "REY", 27 h •. 
'f, 

2.- 0 .. SEPAHPOOR " 22-H h •. 

~ 70 
0 
.... 60 
oq; 

]. SAr, " SHIRAZ ..• 2. hl. 

'" 50 
4: 

• 0 . 
~ . . ~ .. oq; JO . 
""' 

.... 
l: 20 

10 ... . 
0 

2 3 , 5 • 7 3 fi 10 Il 12 

PH 

Fig. 3-The pH resistance of complement-fixing antigen of foot-and-mouth disease virus of types 
o and S.A.T. 1. 
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Complement-Fixing Antigen·-Since the ar.t;!:en preparations used in the CF 

tests were not purified, they undoubtedly contained large (22 mIL, infe::tive) and 

sm aIl (7 mIL, noninfective) particIes. It can not be stated, therefore, how much 
of the CF recorded (Fig. 2, 3) was due to either ~ize of particIe. The values repre­
sent the total CF activity at the pH levels tested. 

The results obtained were Dot quite uniform (Fig. 2, 3). The CF antigen 
usually became ineffective between pH 2 and 3 and between pH Il and 12, most 
of the curves rising steeply and falling s:1arply. In several instances (Fig. 2; 
curves l ,3, 4, and 5; and Fig. 3; curves 2 and 3), the peaks of activity were in 
the alkaline region, usually between pH 8 and la. The plus signs (Fig. 2, curve 
4) indicated that end points were not re3che::! there. The time of incubation of the 
infected cultures before removal of material for CF tests did not see:n to in­
tluence the results uniformly. 

Discussion 

Data in the present report 0:1. acid resistance of unmodified FMD virus are 
generally in agreement with those reportd by other investigators, although the 
rapid inactivation at low pH levels as reporte::! by Bachrach et c..!.2 was not seen. 
The latter difference may be due to the fact that Bachrach et Œ.!. worked with a TC 
passage strain which may have differed in sorne respects from unmodified field 
virus. SeriaI passage in BHK cells resulted in the de:rease of acid resistance of 
the virus. The decrease was most marked with type A virus. This finding is in 
agreement with similar observations reported on the pH resistance of FMD virus 
modified by seriaI passage in bovine kidney cells. 4, 13 As in other instances, it 
may have practical use to differentiate modified and unmodified strains. Baby 
hamster kidney high-passage virus of type A had exactly the same degree of heat 
resistance as the unmodified strain. * Other genetic markeTs of modified strains 
have not been studied. 

Systematic tests of pH resistance of the CF antigen of FMD virus were 
prompted by our failure to obtain an increase of the CF titer of TC antigen of 
type A by moderate acidification and subsequent reneutralization. If what Randrup 
reported were to occur for ail FMD viral types,9 one would expe::t increase in 
titer in such an instance. The data given (Fig. 2; curves 1, 2, 4, and 5, and Fig. 
3; curve 3) indicate that this theory does not re:ate to types A and S.A.T. 1. There 
was no increase of CF titer in the slightly acid region, but in several instances a 
definite maximal increase at moderately alklaine pH. Starting with an about 
neutral preparation, the CF titer can often be increased by moderate alkalinization. 
According to the data given (Fig. 3; curves 1 and 2), a slight titer increase by 
acidification seems possible only with tyçe 0 antigen. Both kinds of particIes are 
known to react as antigens in the CF test.5 

* Shafyi, Abbas, Razi Serum and Vaccine Institute, Teheran, Iran: Unpublished data, 

1966. 
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Increase of CF titers by pH change may be due to disaggregation of antigen 
particles rather th an division of complete virus into sm aller antigenic units at 
certain pH levels. 
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