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Safety and Immunogenicity of Human Rotavirus Vaccine Strain M37 in Adults,
Children, and Infants
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Rotavirus vaccine strain M37 (serotype 1), recovered from the stool of an asymptomatic new­
born infant and serially passaged in cell culture, was given orally to adults, children, and infants.
Serologic responses were detected by neutralization assay or EIA in 59% of 17 adults (l05-pfu
dose), 55%-60% of21 infants and children (104-pfu dose), and 70% of 10 infants (l05-pfu dose);
vaccine virus was shed by 24%, 20%-36%, and 70%, respectively. In adults, neutralizing anti­
body rises to strain M37 and the related serotype 1 strain Wa occurred with equal frequency (41%
vs. 47%). In pediatric subjects, the former were more frequent (36%-40%) than the latter (10%­
18%). This was also true of 8 infants who received two doses of vaccine. Mild gastrointestinal
illnesses occurred with equal frequency in pediatric subjects who received vaccine or placebo.
Thus, strain M37 was well tolerated and immunogenic in young infants, but elicited primarily
vaccine-strain-specific rather than serotype-specific neutralizing antibody responses.

Because rotavirus is the single most important etiologic
agent of severe diarrheal disease in infants and young chil­
dren worldwide, the development ofa safe and effective rota­
virus vaccine is a high priority. Vaccine strains of animal
rotavirus origin have induced variable levels of protection
(0->80%) [1-4], and serotype-specific immunity to each of
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the epidemiologically important human rotavirus serotypes
(serotypes 1-4) may be required to protect against rotavirus
diarrhea in young infants not primed by previous rotavirus
infection. For this reason, a quadrivalent vaccine preparation
containing rhesus rotavirus (RRV, serotype 3) and three hu­
man-RRV reassortan ts (serotypes I, 2, and 4) is currently
under evaluation [5].

Another approach to vaccination is the use ofhuman rota­
virus strains that usually infect neonates without causing ill­
ness and therefore appear to be naturally attenuated [5, 6].
Natural infection with one such strain was associated subse­
quently with less frequent and less severe episodes of rota­
virus illness [7]. M37 is an asymptomatic neonatal strain that
belongs to serotype I by virtue of its major neutralization
protein, VP7 [8]. It is also related to asymptomatic human
rotavirus strains belonging to serotypes 2, 3, and 4 by virtue
of its other major neutralization protein, VP4 [8, 9]. The
M37 strain is an attractive vaccine candidate because sero­
type I is prevalent among cases of rotavirus diarrhea world­
wide. Furthermore, although the VP4 protein ofM37 differs

 at Penn State U
niversity (Paterno L

ib) on Septem
ber 16, 2016

http://jid.oxfordjournals.org/
D

ow
nloaded from

 

http://jid.oxfordjournals.org/


lID 1991; 164 (October) Concise Communications 793

from that of symptomatic strains [9], it may be more likely
than the VP4 of animal strains to induce cross-reactive neu­
tralizing antibodies directed at other human strains. There­
fore, we evaluated the safety and immunogenicity of human
rotavirus vaccine candidate strain M37 in adults, children,
and infants.

Materials and Methods

Vaccine. Human rotavirus strain M37 was isolated from the
stool specimen of an asymptomatic neonate in Caracas, Vene­
zuela, on 16 February 1982 [10]. It was propagated in primary
African green monkey kidney (AGMK) cells for a total of 21
passages, including triple plaque purification by the Laboratory
ofInfectious Diseases, National Institutes of Health. It was pas­
saged 9 additional times in pretested primary, secondary, or ter­
tiary AGMK cells to produce the vaccine pool (titer, 3 X 105
pfu/rnl] designated lot M37-1 by Flow Laboratories (Mclean,
VA). The vaccine was prepared in accordance with guidelines
established by the US Food and Drug Administration.

Study sequenceand subjects. Subjects were studied in a step­
wise fashion with respect to age and dose. The criteria for selec­
tion ofadult and pediatric subjects and the clinical study details
have been described [11]. Briefly, healthy 18- to 40-year-old
adults in an isolation facility were vaccinated orally with I mlof
undiluted vaccine (105 pfu) after drinking distilled water with 2
g ofNaHC03 and subsequently observed for 7 days. They fasted
for I h before and after vaccination. The vaccine was first given
to two adults with higher titers of serum neutralizing antibody
« I :320) and then to additional adults with lower titers. Diar­
rhea was defined as a single liquid stool ~300 ml, two liquid
stools totaling ~200 ml, or more than three unformed stools
within 48 h.

Healthy pediatric subjects were given vaccine or placebo (2: I
ratio) by a blinded investigator; I ml of vaccine diluted 10-fold
in buffered formula ( I 04 pfu) was given orally to children 6-60
months old and then to infants 1.5-5.0 months old. Subse­
quently, I ml of undiluted vaccine (lOs pfu) was given to the
younger age group. A subset of infants 1.5-5.0 months old at
the time of their first dose was given a second dose ( 104 or 105
pfu) within 1.0-2.5 months. All pediatric subjects drank 30 ml
of formula (Similac; Ross Laboratories, Columbus, OH) that
lacked rotavirus-neutralizing activity and contained 0.4 g of
NaHC03 immediately before vaccination and fasted for 1 h be­
fore and after vaccination. The placebo for the 104-pfu-dose

group was buffered formula and for the I OS-pfu-dose group was
sterile Eagle's minimal essential medium.

Subjects were observed for up to I h/day for 2 days before and
7 days after vaccination. Parents monitored their children for
symptoms of illness and collected stool specimens from their
children for examination by study personnel. Rectal tempera­
tures were measured each day by study personnel and each eve­
ning at home by parents. Fever was defined as a rectal tempera­
ture >38.1 °C confirmed by repeat examination in 10-15 min.
Diarrhea was defined as three or more unformed stools in a 24-h
period.

Laboratory studies. Serum specimens were collected from
all subjects before and 4-5 weeks after vaccine or placebo ad-

ministration. Sera were tested by rotavirus-specific IgA and IgG
ELISA, using RRV as antigen, and by plaque reduction neutral­
ization assay (PRNA) to the following human rotavirus strains
(serotype): M37 (I), Wa (I), DS-I (2), P (3), and ST3 (4). The
ELISA and PRNA were done as described previously
[6, 12].

A significant antibody response was defined as a fourfold or
greater rise in titer. Stool or rectal swab specimens were col­
lected from all subjects daily starting 1-2 days before through 7
days after vaccination and at follow-up 4-5 weeks later; samples
were made into 10% stool suspensions in veal infusion broth.
The suspensions were tested for rotavirus by confirmatory
ELISA and then by inoculation into MA 104 cell culture roller
tubes with one subsequent blind passage [11]. After incubation
at 37°C for 7 days, the cultures were frozen, thawed, and tested
by confirmatory ELISA. Diagnostic studies to detect enteric
pathogens in stool specimens from subjects with diarrhea in­
cluded an examination for parasites, bacterial cultures for Salmo­
nella, Shigella. Campylobacter. Aeromonas. Yersinia, and Vibrio.
an ELISA for adenovirus, and in some cases electron micro­
scopic studies.

Results

Gastrointestinal illness after vaccination. Of 17 adults, 1
developed diarrheal illness 2 days after vaccination that re­
solved within 1.5 days and was not associated with fever,
vomiting, or dehydration. This subject did not respond sero­
logically to or shed rotavirus, and examination of diarrheal
stool specimens revealed Blastocystis hominis and Enta­
moeba coli. In the 6- to 60-month-old age group, none of 10­
to vaccine or 6 placebo recipients developed gastrointestinal
illness.

In the <6-month-old age group, mild illnesses occurred
with equal frequency in vaccine and placebo recipients. Diar­
rhea occurred in 1 of 11 104-pfu recipients, none of 10 105­

pfu recipients, and 2 of 14 placebo recipients, lasted only I
day, and was characterized by three to six unformed stools;
no adventitious agents were identified. The vaccine and pla­
cebo groups did not differ with respect to the mean number
of unformed stools or total stools per child per day. Only 2
infants had fever after vaccination; a 104-pfu recipient had
fever (39.2°C) in association with otitis media on days 6 and
7, and a 105-pfu recipient had an isolated low-grade fever
(38.2°C) on day 1. Vomiting was reported in 9%-30% of
l Ot-pfu and 105-pfu recipients and 36% of placebo recipien ts
and was characterized by only 1-2 episodes of emesis. Eight
infants who were vaccinated with either 104 pfu (n = 3) or
105 pfu (n = 5) at <6 months of age were revaccinated with
the same dose 1.0-2.5 months later. None developed illness
after their booster dose except for one who had a low-grade
fever (38.4 °C) after a lOs-phI dose.

Vaccine virus shedding and serologic responses. Of 17
adults vaccinated with 105 pfu, 24% shed rotavirus and 59%
responded serologically (table 1). Of 10 6- to 60-month-old-
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Table 1. Shedding of virus and serologic responses after one dose of human rotavirus vaccine strain M37.

%of subjects

With a fourfold or greater antibody rise by

PRN to strain (serotype)
Dose Shedding IgG or IgA Any

Age group (n) (pfu) virus M37* (I) Wa (1) ST3 (4) ELISA assay

18-40 years (17) 105 24 41 47 18 47 59
6-60 months (10) 104 20 40 10 20 40 60
1.5-5.0 months (II) 104 36 36 18 9 27 55
1.5-5.0 months (10) 105 70 40 10 10 40 70

NOTE. PRN. plaque-reduction neutralization; pfu, plaque-forming units.
* M37, the vaccine strain, has a Wa-like VP7 and an ST3-like VP4. Serotype specificity as defined by hyperimmune animal sera is largely determined by VP7.

children vaccinated with 104 pfu, 20% shed rotavirus and
60% responded serologically. Among <6-month-old infants,
36% shed rotavirus and 55% responded serologically after a
l O'i-pfu dose (n = II), whereas 70% shed rotavirus and 70%
responded serologically after a 10s-pfu dose (n = 10). Sero­
logic responses occurred more frequently in vaccinees with­
out preexisting serum neutralizing antibody to the M37
strain (titer < I :40) than in vaccinees with detectable anti­
body (titer ~1:40) (14/17 vs. 15/31; P = .02, x 2 test). The
percentages of subjects in each age and dose group with de­
tectable rotavirus antibody in their prevaccination sera and
their corresponding geometric mean titers are shown in table
2. In contrast to the adults and 6- to 60-month-old children,
most <6-month-old infants lacked rotavirus-specific serum
IgA (19/21) and neutralizing antibody to the vaccine strain
(12/21).

After vaccination, the frequency of neutralizing antibody
responses to M37 and to Wa, a serotype I strain related to
M37 by VP7, was comparable in adults (41 %vs. 47%, respec­
tively; table 1). In contrast, responses to M37 (36%-40%)
were more frequent than responses to Wa (10%-18%) among
pediatric vaccine recipients. Neutralizing antibody responses
to ST3, an asymptomatic serotype 4 strain related to M37 by

VP4, occurred with lesser frequency (9%-20%) in all age
groups. Neutralizing antibody responses to serotype 2 strain
DS-I and serotype 3 strain P were detected in 12% and 6%,
respectively, of adults and were not tested for in pediatric
subjects. Seven of eight infants who received two doses of
104 pfu (n = 3) or of lOs pfu (n = 5) had serologic responses
after the first dose (n = 3), the second dose (n = 3), or both
doses (n = I). Neutralizing antibody responses to M37, Wa,
and ST3 were noted in 63%, 13%,and 38% of these two-dose
vaccine recipients, respectively. Although none of 20 pla­
cebo recipients shed vaccine virus, I had a neutralizing anti­
body response to M37. This subject was the 12-month-old
sibling of a 45-month-old vaccine recipient who had a neu­
tralizing antibody response to both M37 and ST3 but did not
shed virus during the observation period.

Of 48 vaccinated subjects, 17 shed virus as follows: day 1,
0; day 2, 6%; day 3, 24%; day 4, 47%; days 5 and 6, 53%; day
7, 35%; and day 30, O. Of 13 pediatric subjects who shed
virus, 8 shed amounts sufficient to be detected by ELISA of
their 10% stool suspensions. These 8 subjects all had a sero­
logic response compared with 6 of 9 subjects who shed rota­
virus but in an amount detectable only after amplification in
cell culture.

Table 2. Subjects (%) with detectable rotavirus antibodies in prevaccination serum specimens and corresponding reciprocal geometric
mean titers (GMT).

%with detectable antibody" (GMT. range)

By PRN to strain (serotype)
Mean age Dose

Age group (n) (months) (pfu) M37 (I) Wa (I) ST3(4) By IgA

18-40 years! (17) 105 82 (158. 40-1280) 88 (316. 80-5120) 65 (100. 40-320) 100 (230, 50-1600)
6-60 months (10) 25.7 104 80 (1000. 320-5120) 100 (720, 80-5120) 70 (125,80-320) 70(398,100-3200)
1.5-5.0 months (II) 3.2 104 45 (63. 40-80) 64 (126, 80-320) 36 (80, 80) 18 (200, 200)
1.5-5.0 months (10) 2.4 105 40 (80, 40-320) 40 (112.40-320) 10(40,40) 0

NOTE. GMT, geometric mean titer; pfu, plaque-forming units.
* Defined as titer ~ 1:40 for plaque-reduction neutralization (PRN). ~ 1:50 for IgA.
t Adults were selected for study participation on the basis of serotype I neutralizing titers; 2 with screening titers> I:320 and 15 with titers ~ I :320 were chosen.

 at Penn State U
niversity (Paterno L

ib) on Septem
ber 16, 2016

http://jid.oxfordjournals.org/
D

ow
nloaded from

 

http://jid.oxfordjournals.org/


lID 1991; 164 (October) Concise Communications 795

Discussion

Neonatal human rotavirus vaccine strain M37 was well­
tolerated in adults, children, and infants. The diarrheal epi-
sode that occurred in I of 17 adults did not appear to be
vaccine-induced and may have been related to B. hominis.
Mild gastrointestinal illnesses occurred with similar fre­
quency in the <6-month-old vaccine and placebo recipients,
suggesting that they were not vaccine-related. Thus, the vac­
cine seems to be attenuated, although this observation is
based on a small number of subjects and must be considered
a preliminary finding. The basis for attenuation of the M37
strain is unclear, since it is possible that attenuation was con­
ferred entirely by 30 passages in cell culture; alternatively,
the strain may have been naturally attenuated not only for
neonates [10] but also for older subjects.

Both the 104- and 105-pfu doses were moderately immu­
nogenic in infants <6 months old, the target population for
vaccination. Serologic responses and vaccine virus shedding
were found in more 105-pfu recipients than in 104-pfu recipi­
ents, but the difference was not significant. The serum-neu­
tralizing antibody rises in the pediatric vaccine subjects were
primarily vaccine-strain specific, with neutralizing antibody
rises to Wa, another serotype 1 strain, detected less fre­
quently. These results suggest that M37 and Wa differ with
respect to immunodominant epitopes on VP7, which is con­
sistent with their different reactivity patterns to certain sero­
type I-specific monoclonal antibodies directed at VP7 [13].

The percentages of adults with neutralizing antibody re­
sponses to M37 and Wa were similar, consistent with the fact
that adults develop more broadly cross-reactive antibody re­
sponses [14]. However, the frequency of heterotypic re­
sponses to serotype 2, 3, and 4 human rotaviruses in adults
vaccinated with strain M37 was low. The neutralizing anti­
body responses to ST3, a serotype 4 strain related to M37 via
VP4, were low in all age groups, suggesting that the VP4
protein ofM37 is not particularly effective in stimulating the
production of cross-reactive antibodies to the VP4 proteins
of other human rotavirus strains. The effect of giving two
doses of vaccine (104 or 105 pfu) within a 1.0-2.5-month
period increased the overall serologic response rate in infants
<6 months of age to 88%. Although serotype-specific re­
sponses to M37 and ST3 were noted in more infants after
two than after one dose, responses to Wa remained low.

Most pediatric subjects who shed virus had quantities suf­
ficient to be detected by ELISA of their 10% stool suspen­
sions. This finding is in contrast to that with RRV and hu­
man-RRV reassortant vaccines, which usually are detected
in stool specimens only after inoculation into cell culture
[II, 15]. The ELISA-positive stool suspensions suggest that
larger quantities of vaccine virus were being shed, which
might theoretically predispose to transmission. Transmission
was suspected but not confirmed in the case of the placebo
recipient who developed a neutralizing antibody response to
M37 and was the sibling of a vaccinee.

Our safety and immunogenicity findings are similar to
those ofa phase 1 study in Venezuela [5], in which M37 ( 104

pfu) was given to <6-month-old infants. More Venezuelan
infants developed a neutralizing antibody response to M37
than did our infants, but the difference was not significant
(14/22 vs. 4/11; P = .13, X 2 test).

In conclusion, strain M37 (104 or 105 pfu) was well-toler­
ated in adults, children, and infants. In <6-month-old in­
fants, M37 was moderately immunogenic, with two doses
increasing the overall serologic response rate, but neutraliz­
ing antibody responses were primarily vaccine-strain spe­
cific. This raises concern about the potential efficacy of this
vaccine candidate because an association between vaccine
failures and lack ofa serologic response to the infecting rota­
virus serotype has been noted previously [14]. An efficacy
trial is currently under way and should provide important
information as to the effectiveness of the M37 strain as a
vaccine candidate.
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Heterogeneity of Immunotypes of Heat-Labile Enterotoxins of Enterotoxigenic
Escherichia coli of Human Origin
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A new technique, checkerboard immunoblotting (CBIB), has been applied to detect and to
differentiate heat-labile enterotoxins, (LTs), from enterotoxigenic strains of Escherichia coli of
human origin using polyclonal and monoclonal antibodies. Optimal conditions of production
and release of LTs were defined using CBIB. LT release was enhanced when E. coli cells were
treated with 8 M urea. LT production was highest when E. coli strains were incubated with
shaking (200 rpm) at 37°C for 12 h in CAYE-2 medium. Two hundred and five strains of E. coli,
isolated from patients with diarrhea in Japan, Thailand, the United States, Mexico, and Brazil,
were examined for LT. Of 133 LT-positive strains, 4 (3%) produced an LT that reacted like
H-LT-l (originally isolated from E. coli strain H-74-114) while 126 strains (94.7%) produced LT
that reacted like H-LT-2 (originally isolated from strain H-I0407) or H-LT-3 (from strain
H-240-3). Three strains of human origin (2.3%) produced an LT that reacted like P-LT (pro­
duced by E. coli strains of porcine origin). The study shows that CBIB, a simple, efficient, and
practical assay, might be useful for epidemiologic surveys and for evaluation of serologic re­
sponses to LTs and antitoxic vaccines.

Enterotoxigenic Escherichia coli (ETEC) is an important
cause of diarrhea in children and adults in developing coun­
tries and of traveler's diarrhea, particularly in the tropics.
ETEC produces either or both heat-labile enterotoxin (LT)
and heat-stabile enterotoxin (ST). Two major types of LT,
LT-I and LT-II, have been identified so far [1-4]. LT-I in­
cludes at least three distinct H-LTs, that is LT from E. coli
strains of human (H) origin: H-LT-I from strain H-74-114
[5], H-LT-2 from strain H-I0407 [6], and H-LT-3 from
strain H-240-3 [7] as well as P-LT from E. coli strains of
porcine (P) origin. LT-II resembles LT-I in some biologic
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properties but is not cross-reactive with LT-I [3, 4]. Many
assay methods for detecting LT-producing ETEC have been
reported, but few assays have been used to differentiate dis­
tinct LTs produced by different strains of ETEC. These im­
munologic differences could be important from the stand­
points of vaccine development and epidemiology.

We used checkerboard immunoblotting (CBIB), a newly
developed immunoassay [8], to investigate the conditions for
optimal production and release ofLT-I and to detect and to
differentiate LT-Is from 205 isolates of E. coli from patients
with diarrhea in different parts of the world. The distribution
ofLT-II was recently reported [4].

Materials and Methods

E. coli strains. We studied 205 clinical isolates ofE. coli. One
hundred, isolated at Osaka International Airport Quarantine
Station (Japan) from patients with diarrhea who had just re­
turned from cholera-infected areas of Southeast Asia, were pro­
vided by Y. Takeda and T. Honda [9] (Osaka University, Ja­
pan). Sixty E. coli strains, isolated from patients with diarrhea
from the United States and Mexico, were provided by J. Mat­
thewson (U niversity of Texas, Houston). Forty LT+ strains iso-
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