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Age-Dependent Diarrhea Induced by a Rotaviral 
Nonstauctural Glycoprotein 

Judith M. Ball, Peng Tian," Carl Q.-Y. Zeng, Andrew P. Morris, 
Mary K. Estes-l 

The rotavirus nonstructural glycoprotein NSP4 is an intracellular receptor that mediates 
the acquisition of a transient membrane envelope as subviral particles bud into the 
endoplasmic reticulum. NSP4 also causes an increase in intracellular calcium in insect 
cells. Purified NSP4 or a peptide corresponding to NSP4 residues 114 to 135 induced 
diarrhea in young (6 to 10 days old) CD1 mice. This disease response was age-dependent, 
dose-dependent, and specific. Electrophysiologic data from intestinal mucosa showed 
that the NSP4 114-1 35 peptide potentiates chloride secretion by a calcium-dependent 
signaling pathway. Diarrhea is induced when NSP4, acting as a viral enterotoxin, triggers 
a signal transduction pathway. 

Rota\-iruhe.; are the leaci~nc cause o t  se\-ere. 
I lk- threaten~ng v ~ r a l  y a s t r ~ > e ~ ~ t e r i t ~ s  in in- 
fants a n ~ l  aniliials ( 1 )  and are a>soclate~l 
\x-~tll ~ p o r ~ l c l ~ c  ~111tl1reaks of cliarrhea 111 el- 
derly (3) anii imrn~~~~ocomprom~l~ise~l  pat~e~nt.; 
(-3). These \-lruse> lla1.e a limited tlzsue 
tropism, with ~ilfectii>n p r~rn , l r i l~  i ~ e ~ n ~  re- 
stricted to cell$ of the sniall intestine (4). 
Iloreor.er. the i ) ~ ~ t c o m e  of rn&ction IS age- 
relateil; a l t h o ~ ~ g l ~  r~~ ta \~ i ruses  may infect ill- 
~ l i ~ - i i l ~ ~ , l l s  anil a ~ ~ ~ m a l s  of all 'iges, symptom- 
atic in&ct~on  ( that  is, ii~arrllea) jienerall\- 
occurs in tile 701.111g ( 6  months to 2 years in 
ch~ ld ren  and 1.113 to 14 days in mice).  

Llesp~te the prevalence ot  mtavirus in- 
kctioiis aiid esteiisi~.e rt~ldies in aiiiillal 
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duce ciiarrliea after \-lrns replication inihlcle 
m a l a l r p t i o  secc>~lciary to the des t r~~c t i c~n  
of enterocytes (5), alteratlolls in tra~lsepi- 
tllelial t l~lid l~alance (6), and local \.ilh~s 
ischem~a leadino to v,lsc~~l,lr ~1,lmarre anLi 
diarrhea (7). Tlisse mechanisms do not es-  
pl,li11 cases of r ~ r a v i r ~ ~ ~ - i ~ ~ i i ~ ~ c e ~ l  eil,irrhea 
ohserveil hefore, or in tlii. ,ih,wnce c)t, 111s- 
t~~patllologic cli.inges ( 4 ,  8). 

iX~'hi1e niaki~ig an a n t l s e r ~ ~ i ~ i  to ,i non- 
s t r ~ ~ c t ~ ~ r a l  glycoprotein, NSP4. \ye made the  
tc>rtuito~~s dlsco\.ery rli,it ~ntra l~er i toneal  
( ~ p )  dellvery of p ~ l r ~ f ~ e i l  NSP4 inel~~ces d ~ a r -  
rhe,l 111 iuouse mc3~lel (FIG. 1 ) .  Vi'herlier 
acimi~nirtratiaii \\.,IS ip ur intsaileal ( i l ) ,  di- 
arrllea nras 01-ser\,eii \\.itllin 1 to 4 ht~ur ,  
after inoculatio~n. It typical11- contin~led for 
up to S hours, hut c ~ c c a s i o ~ ~ ~ ~ l l y  persisted tor 
14 liours (9 ) .  Purified NSP4 (0 .1  to 5 nrnol) 
\vas aLlministc.reil by the ip route tc) CLl1 
mouse FLIP.: 6 ti) 7 ancl 8 to 9 il,iyj o l ~ l .  NL> 
diarrhea was inciuctd wltll 2.1 1111101 of pro- 

i l i e  rat o o'tlie t ~ ! o  no";iaIze:: peak areas, n co,n- 
parso'i :.: tii that 1.7 a cont,cl s m p e  '::here t i e  same 
amount o' ?_O \'!as aclcled ye1::e:: the +racto.iat'on 
factors [;>I Saundel-s. S Saunders. C. Jch~ison, J'. 

A:11. Ci!ei:'. Scc 106, SOSe il 9841; To ,iil:ro\!e tile 
accuracy of dara v:e performecl m,It~ple measure- 
me,?& ~ ~ s , i g  ::fferent D,0:hL3 rat os (1 :9 - 9.1). 
Tbe snail amou,it of 1:)ater ad::e:: :: :: not affect the 
observed c:o~!n'~ed cbem~cal sbft of tile h-bondec: 
p,-cron 'Val~.es are repolied as mean = 3 SD 
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tein in tlie 8- tn i)-ii,iy-<~ld mlce, wilereas 
62"b of [lie 6- to 7-cla\--~ld pups had di,lr- 
rhea. I~itraperitone~ll  admlnlstr,ltlon L I ~  1 
nnlol of NSP4 resulted 111 illasrhea 111 10C':h 
of the 6- to 7-dclv-old mlce, anii 111 60% ~t 
the older animals. Intr,l~leal ~lel~vei-\-  i) t  0.5 
~ l ~ l l n l  of prote i~i  ILILIUCC'~ d~ar rhea  111 102q;, 
of the yo1.111g ( 8  ~ L I  9 dcl\-s) mice, n.liere,ls n o  
J ~ a r r l i e , ~  n.as ohserveel in the 17- to 1s-cia\-- 
olci C ~ P S  Tlius, the response to KSP4 was 
age- ancl d o h e - ~ l e ~ e n ~ i e n t  in CD1 pups. In 
i ld~lit io~i,  the induction of ci~arrhea 17\- KSP4 
\\-as specific, as a d m ~ n i s t r a t ~ o i  of the  same 
concentr, l t l~>n o t  purifieci rotavlrus VP6 or 
the same \.olurne of buffer hclil no  effect 
( F I ~ .  1) .  Intranl~~scular (1111) ~ n o c ~ ~ l a t i o n  c-it 
1 1111iol of p~rr~fieil  NSP4 pro~l~rceil  n o  111 
effects ( 1 L?) .  

W e  nes t  tehted the effect o t  a s\-nthetic 
pepti~le corre~poniling to NSP4 residues 
114 to 135 (NSP4 114-135) ~leliverecl by 
the IL)  i)r i l  route to niice of elliferent age.; 
(Fig. 2 )  ( 9 ,  1 1  ). Lliarrhea war observeii in 
the 6- to 7-Lla\--old ~l l ice  \ \ . i th~n 1 to 3 hours 
after inoc~~la t ion  [600;, ( ip) ,  71% (il)], 
a>hereas iliarrhea \vas not seen 111 animals 
older tliaii 11 ciays, e\,en when a two- or 
to~rrfolcl greater ciose o t  pepti~le \$'as aiimin- 
isterecl ip (Fig. 2 ) .  Intraileal ilel~ver\- of the 
pepticle to ~ L I ~ S  11 to I ?  or 17 to 18 days old 
c a ~ ~ h e ~ l  ,liarrhea in 75 or 2% of the ,inimals, 
resCect~vel\-. These data indlc,lte ,111 111- 
crease~l sensitivit\- to the peptlde \\.lien de- 
li~.erecl directll- 11ito rile lumen of the intes- 
tine, and reveal an  age-ilepeniient ~lisease 
response to the NSP4 111-135 pept~ile tli,it 
is sinlilar to that seen 111 11,ltural rotar.irus 
int>~tion. or after iilc>c~~ldtio~n of yul.ifled 
NSP4. Regarellesh of the close or the route o t  
, i i lm~nis t r a t io  ot the p e p t ~ ~ l e ,  the kinetics 
of d~arrIle,l ~ncluction n-ere similar to those 
ol3serve~l wit11 purified NSP4. Hn\\rever, as 
com13arecl wit11 NSP4. the effective ili~se of 
NSP4 114.135 pepti~le \\-;ls consider,lhl\- 



higher. This ma); not  he surprising, as the 
peptide ma); represent only a portion of the 
active domain or may not fold into the 
native conformation. 

T h e  NSP4 114-135 peptide is predicted 
to fold as a n  amphipathic helix (1 1 ) ,  is 
localized in the cytoplasmic domain of 
NSP4, and mobilizes intracellular calci~tm 
in eukaryotic cells (1 2) .  Specif~cit); of the 
diarrhea induction hy the NSP4 114-135 
peptide was confirmed by the administra- 
tion of a panel of control peptides to young 
mouse pups (13).  A mutated NSP4 114-135 
peptide in which the tyrosine at position 
131 was replaced with a lysine residue 
(mNSP4 131K) did not  induce diarrhea ( 0  
out of 11 pups), which indicates the impor- 
tance of this tyroslne residue in the ~ n d ~ t c -  
tion of diarrhea. A longer peptide, NSP4 
90-123, which overlaps the 114-135 peptide 
by nine residues, induced diarrhea in only 
20% (2 out of 10) of the mice tested. Thus, 
the response in CD1 rnice appears to be 
directed to a region of NSP4 that is inclu- 
sive of residues 114 to 135. T h e  reduced 
response to the longer NSP4 90-123 pep- 
tide may he due to the absence of alllino 
acids 124 to 135. A peptide corresponding 
to the COOH-terminus of the capsid pro- 
tein of another gastroenteritis virus, Nor- 
walk virus ( N V  464-483), was selected as a 
control pzptide because it has a calculated 
amphipathic score (AS)  similar to that of 
NSP4 114-135 ( A S  = 41) and a centrally 
located tyrosine residue (13); N V  464-483 
did not  induce diarrhea (0  out of 10) in any 
mouse pups. 

T o  determine if the response to the 
NSP4 114-135 peptide was close-dependent, 

0.1 to 500 nmol of peptide was administered 
ip to 84 CD1 pups [6 to 7 days old (1 I)]. 
T h e  disease response to the NSP4 114-135 
peptide was dose-dependent (X2  ,,,,,,, = 9.98, 
P = 0.0016), with a DD,, (5OYo diarrheal 
dose) of 79 nrnol (14).  

W e  also evaluated whether antiserum 
made to the NSP4 114-135 peptide was 
able to  hlock the induction of diarrhea 115). 
In the absence of antihocty, ip delivery of 50 
to 100 nrnol of NSP4 114-135 peptide in- 
duced diarrhea in 67% of the mice. Intra- 
peritoneal inoculation of NSP4 114-135 
peptide-specific antiserum 5 rnin before ip 
deliver); of peptlde (50 to  100 nmol) result- 
ed ~n a 90% reduction of ilisease. Intraper- 
itoneal administration of normal rabbit se- 
rum before peptide deliver); did not  block 
the diarrhea. 

T h e  potential of NSP4 antibodies to 
protect against vir~ts-induced disease was 
tested by challenging pups born to darns 
that were immunized m ~ t h  the NSP4 114- 
135 peptide or a control peptide with a high 
dose of infectious simian agent 11 ISA11) " 

~ ~ i r u s  (16).  Diarrheal disease in pups born to 
darns immunized with the NSP4 114-135 
peptide was significantly (Fisher's exact 
test) reducecl in severity and duration, and 
In the number of pups with d~arrhea. In 
another experiment, young mouse pups 
were infected with SA11 virus, and NSP4 
or control a n t i s e r ~ t n  was orally adminis- 
tered every 4 to  6 hours for 60 hours. T h e  
pups given NSP4-specific antibody had 
significantly reduced diarrheal disease as 
compared with animals given control an-  
tisera (16) .  These data show the potential 
of NSP4 antibodies to  block rotavirus- 

Fig. 1. Rotavirus NSP4 
protein induces diarrhea 
in CDl mice. NSP4 was 
purified from recombinant 
baculovirus pAC461- 
GI 0-infected Spodoptera 
frugberda (Sf9) cells ex- 
pressing gene 10 by fast 
protein liquid chromatog- 
raphy on a QMA anion ex- 
chanae column as arevi- 

mduced dlsease. 
T h e  above data suggest that NSP4 caus- 

es diarrhea by acting as a n  enterotoxin. 
Because enterotoxins stimulate net secre- 
tion in ligated intestinal segments without 
histological alterations, or stimulate secre- 
tion in Usslng chambers, the effects of the 
peptide and of known Ca2+-  and cyclic 
adenosine monophosphate (CAMP)-ele- 
vating agonists were tested on  unstripped 
mouse intestinal mucosal sheets in modifled 
Ussing chanlbers (1 7). Addition of forsko- 
lin (FSK, a CAMP agonist) and carbachol 
(Cch,  a cholinergic agonist that mobilizes 
C a 2 + )  to  norlnal mouse ileal mucosa result- 
ed in measurable elevations in C 1  secreto- 
ry current (I,,, Table 1).  Addition of either 
5 p,M (200 nmol) of NSP4 114-135 peptide 
(cross-linked to itself for enhanced stabili- 
ty) or 5 p,M of Cch  to mucosal sheets of 
CD1 rnice 19 to 22 days old induced small 
(3  or 9 FA/cm2, respectively) and translent 
(1- to 2-min) increases in 4,. W h e n  the 
mucosal sheets were exposed to 5 p,M of the 
CAMP-mobillzing agonist FSK, larger in- 
creases In (44 pA/cm2) were elicited 
that reached sustained levels within 2 to  3 
min. After FSK pretreatment, challenge of 
the mucosa with either peptide or C c h  re- 
sulted in much larger increases in rnucosal 
I,L (64 or 63 pA/cm2, respectively); both 
the peptide and C c h  potentiated the re- 
sponse to FSK. All of the responses to ago- 
nists were sensitive to bumetamide, and 
treatment of ileal rnucosal sheets with cross- 
linked control NSP4 2-22 peptide did not  
induce a response. Addition of C c h  to  19- 
to 22-day-old mouse mucosal sheets that 
had heen pretreated m ~ t h  peptide alone or 
with peptide in combination with FSK had 
minimal or no additional effect on  IS'. This 
subsecluent loss of sensit~vity to the Ca2+-  
elevating agonist (Cch)  after peptlde pre- 
treatment suggests that the NSP4 peptlde 
increases Ibc through changes In intracellu- 
lar Ca2+ ([Ca2+],).  Addition of Cch  to 
mmtcosa from a 35-day-old mouse again elic- 
ited a small (14 pA/cm2) and transient (1- 
to 2-min) response that potentiated the 
effect of FSK (64 ~ A / c m ~ ) ,  whereas there 
was n o  or a minimal increase in I\' when 
the NSP4 114-135 peptide was added alone 
or with FSK to the 35-day-old mouse mu- 
cosal sheets (Table 1). 

The ele~troph~siological responses from 
19-day-old mice initially seem paradoxical 
when compared with the biological data, he- 
cause lneasurable secretion was not ohserved 
as diarrhea in animals of this age. D~arrhea 
likely was not seen in these older anilnals 
because of fluid reahsorption hy the colon. 
This hypothesis was tested hy il administra- 
tion of 200 nmol of NSP4 114-135 or of 
control peptide to 19-day-old pups. At  4 hours 
after inoculation, the mice were killed and 
the Intestines were tied off, removed, and 
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ously described (12) and Dose (nmol): 0.1 1 
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to NSP4. Different NSP4 
preparations of 270% and 90% purity gave the same biologic results. The protein was sterile based on 
results of bacteriologic culturing in LB broth incubated at 37°C for 1 week, and lacked endotoxin (26). VP6 
was purified to 295% purity from recombinant baculovirus pAc461 -SAl1 -G6 infected Sf9 cells by gradient 
centrifugation as previously described (21). Both proteins were diluted In sterile phosphate-buffered saline 
(PBS) to a final volume of 50 yl per dose, regardless of the route of administration. For the surg~ca . 
introduction of protein into the ileum, animals were anesthetized with isofurane (Anaquest), a small incision 
was made below the stomach, the proten ~nocuum was injected into the upper ileum, and the Incision was 
sealed with polypropylene sutures (PROLENE 6-0). The pups were isolated, kept warm, and closely 
monitored for a mnimum of 2 hours. Animals w~th diarrhea also displayed lethargy and coldness to the 
touch. The dose and route of the proteins, age of the anmas,  and mean diarrhea score (mean score) are 
indicated on the bottom of the graph. Above each column is the number of responders (mice with diarrheal 
d~seasel over the total number of animals tested. 

3.6 0 0 



Table 1. Electrophys~olog~cal analyses of leal mucosa of CDI mlce. The change In short-crcult current 
ill,,) was calculated by subtractng the stmuated I,, measurement from the I;= measured ltnmedlatey 
before the addition of agonist. All agonlst-stimulated values were slgnifcantly different (P < 0.001, 
unpaired t test). 

receptors is s~lhstantially reduced in adult 
animals, so that the  colon can accommo- 
date the  increase in fluid secretion. T h e  
aciult mouse can renlicate and excrete virus 
but no disease is observed. Another  possi- 
hility is that the  aciult mouse lacks an  apical 
nle~nbrane Ca2--denemlent C 1  channel. 

Age of mice 

19 to 22 days 35 days 
[A/-= ( l~A~cm') ]  [A/-, (p,Akm2)j These results offer a ne\l- concept of 

rotavirus pathogenesis hut do  not  eschlcle 
Forskoiin (FSK) 15 p,M) 441- 0 . 7 ( n = 8 )  41 1-7 1n=5)  
Carbocho (Cch) (5 p,M) 9 =  2 ( n = 8 )  14 = A  ( n = 5 )  
NSP4 1 14-1 35 peptide (5 p,M)-;- 3 = 0.2 in = 4) 0.4 = O.A (n = 4):1: 
FSK 15 (*M) + Cch (5 (*M) 63 = 10 in = 5) 64 = 9 (n = 6) 
FSK (5 p,M) + NSP4 1 14-1 35 peptde (5 (*M) 64 5 (n = 7) A3 I 9 (n = 5) 

u 

other lnechanis~ns of diarrhea such as mal- 
absorptii~ll due to villus blunting secondary 
to cell death. This latter effect caused bv 
h~gh ly  vinllent viruses, alone or in combi- 
nation with lowered irnnnlnity, may explain 
the  rare cases or outbreaks of rotavirus- 

'The mean restt-g corductaice for the ileal mucosa sheets before agon st treat'neit was 1 O . i  -t 4.8 mSlcm' (n = 32: 
for the 1 9  to 22-day-old m c e  and 12.3 I 3.8 mS. em2 (n = 25: for the 35-day-old m ce. i NSPi 11 4-1 35 peptde 
1s active v!hen added to either surface of the mucosa. I-For n - 3, there was l o  resporse lv!itli peptide: for n = : 
the response was 2 l~ ,A 'cm~.  

induceel diarrhea in adults. Our  results 
show~n,o that NSP4 induces diarrhea offer a 
lnechanistic explanation for why the  gene 
encoding NSP4 is a virulence qene (22).  

T h e  pathophysiology of bacterially In- 
duced diarrhea baseci o n  interactions with 
intestinal receptors anci bacter~al  enterotox- 
ins is well understood (23) .  T h e  heat-stahle 
toxin A and the  heat-labile toxin of Esch- 
erichin coli, as well as guanylin ( an  endoge- 
nous, 15-amino acid intestinal ligand orig- 
inally isolateel from the rat jejunum), in- 
duce diarrhea by h i n d ~ n g  a specific intesti- 
nal receptor, increasing CAMP or cGMP 
anci activating ,I cyclic nucleotide signal 
transcluction pathway (24) .  T h e  net effect 
of these bacterial toxins is to increase C1- 
secretion and decrease Na-  and water ah- 

n-eighed, and their length was measured. T h e  
pups qiven NSP4 114-135 peptide shocved 
substantial fluid accumulatioll when com- 
parecl with the control pups, although no  
diarrhea Lvas seen in anv animals. 

t ion pathway, thereby increasing [Ca'+], 
levels and augmentinq endogenous intesti- 
nal secretory pathways. NSP4 has been cle- 
tected in diarrheal stools of rotavirus-infect- 
ed mice at concentrations sufficient to  
cause diarrhea ( 18).  

This model fits available data o n  rotavi- 
W e  anticipate that younger mice ~voulcl 

s h o ~ v  a greater increase in I,L than that seen 
in  the  19-day-old mmlcosa. However, intes- 
tlnal mucosa from younqer Inice (< 19 days) 
could not be mounted effic~entlv into the 

rus-induced cliarrhea. In young mice, ho- 
mologous and h e t e r o l o g o ~ ~ ~  rota~~iruses  
cause diarrheal disease. For example, in 

Ussing chambers hecause of their small size; 
such experinlents in very young Inice will 
require the  development of new methods to 
measure C 1  secretion In vitro. Nonethe- 
less, the  NSP4 114-115 1,eptide did not 
augment secretion in 35-day-old mice, cor- 
re la t~ng the age dependence seen in vivo. 

O n  the  hasis of our results, we propose a 
model in which tcvo intestinal receptors are 
reauired for svlnvto~natic rota~rirus infec- 

young mice infected with the simian virus 
SA11. ~nfectious v i n ~ s  is not  ~rocluced anci 
histopatholoqic blunting of the  v ~ l l i  is not 
observed, but diarrhea is induced (19).  In 
other animals, diarrhea i5 seen before histo- 
logic changes (8) .  In our moclel, the  intes- 
tines of young mice would possess a NSP4- 
specific receptor that clecreases in mlmber 

sorption. Our  previous work w ~ t h  insect 
cells shows that a receptor-mediated phos- 
yholipase C pathway is associated with in- 
creases in [Ca2+], after exogenous treatment 
of cells ~ v i t h  NSP4 or NSP4 114-135 pep- 
tide (12) .  W e  ha\-e shonm that NSP4 114- 
135 yromotes anci augments CAMP-ciepen- 
dent C 1  secretion in mouse intestinal mu- 

as the  mouse ages, and ~nteractions ~ v i t h  
this recevtor would stimulate C 1  secretion. , 

tion. O n e  receptor binds rotavirus particles, 
resulting in virus entry and qene expression 
but not necessarily in disease, ~vhereas the 
seconcl receptor is NSP4-specific. NSP4 es -  
Dressed in infected cells ~voulcl be released 

resulting ~n the observe~l diarrheal disease. 
Adult mice are readily infected by murine 
rotaviri~ses in that ~,il-us call be isolated 
from fecal samples and virus replication can 
be delnonstrateii in intestinal cells (2L1). 

cosa and induces diarrhea in rodents ln a 
time tt.ame sinlilar to that of heat-stable 
toxin B of E.  coli (about 3 hours). LVe 
speculate that NSP4 st~mulates a Ca'+- 
depenelent signal transduction path~vay that 
alters intestinal epithelial transport. On the  
basis of the  entero~mthopenic similarities of 

~ n t o  the  lumen anii ~voulcl interact with the 
second receptor on adjacent cells. This in- 
teraction ~vould trigger a signal transduc- 

Honre~~er ,  these older ani~nals  ilo not display 
dlarrhea or other syrnptoms (21) .  Our   nod- 
el preilicrs that the concentration of NSP4 

Fig. 2. ntraperitoneai and ii devery 100 
of NSPA I 1 A-1 35 peptlde Induce 90 
aae-de~endent d~arrhea in CDI 

its effect on intestinal secretion \\,it11 those 
reported for quanylin and the heat-stable 
enrerotoxins, NSP4 can be consiclered a " ,  

mlce. Mlce of different ages were 
nocuiated (lp or I )  with NSPA 11 4- 
135 peptlde and evaluated for ds -  
ease 19). The age of the pups, dose 
of the synthetc peptlde. and mean 
darrhea score (mean score) are n -  
dlcated on the bottom of the graph. 
The dose of the ip-delivered peptide 
vared wlth the age of the anmas- 
older anlmals recelved a higher 
dose to control for the differences in 

~ ~ i r a l  enteroroxin. 
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mechanisms by which secretory IgA pro­
vides protection have been proposed (2). 
Recently, Mazanec et al described an in 
vitro model in which transcytosing IgA 
molecules form complexes with certain vi­
ruses that have entered the cell and thereby 
inhibit viral replication intracellularly (3). 
To determine whether this can occur in 
vivo and whether non-neutralizing antibod­
ies can mediate this intracellular effect, we 
studied the effects of IgA monoclonal anti­
bodies (mAbs) on rotavirus infection in 
mice. 

Protective Effect of Rotavirus VP6-Specific IgA 
Monoclonal Antibodies That Lack Neutralizing Activity 

John W. Burns, Majid Siadat-Pajouh, Ajit A. Krishnaney, 
Harry B. Greenberg 

Rotaviruses are the leading cause of severe gastroenteritis and dehydrating diarrhea in 
young children and animals worldwide. A murine model and "backpack tumor" trans­
plantation were used to determine the protective effect of antibodies against VP4 (an outer 
capsid viral protein) and VP6 (a major inner capsid viral protein). Only two non-neutralizing 
immunoglobulin A (IgA) antibodies to VP6 were capable of preventing primary and re­
solving chronic murine rotavirus infections. These antibodies were not active, however, 
when presented directly to the luminal side of the intestinal tract. These findings support 
the hypothesis that in vivo intracellular viral inactivation by secretory IgA during trans-
cytosis is a mechanism of host defense against rotavirus infection. 
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