
16. de Haas PW, Masurel N, Anker WJ. Measles in Tanzania:
antibody response in children after vaccination and antibody
state of mothers and newborns. Trans R Soc Trop Med Hyg
1983;77:267–70.

17. Vidyashankar CJ. Optimal age for measles vaccination. In-
dian Med Assoc 2002;100:24–6.

18. Kaan JA, van Vlokhoven PC, Schneeberger PM, Nijhof W.
Immunogenicity of measles vaccine from a hospital based and
outreach programme in rural Kenya. Trop Doct 1992;22:
30–2.

19. Phadke MA, Bhargava I, Dhaigude P, Bagade A, Biniwale
MA, Kurlekar SU. Efficacy of two dose measles vaccination in
a community setting. Indian Pediatr 1998;35:723–5.

20. Gans HA, Arvin AM, Galinus J, Logan L, DeHovitz R,
Maldonado Y. Deficiency of the humoral immune response to
measles vaccine in infants immunized at age 6 months.

JAMA 1998;280:527–32.
21. Gans H, Yasukawa L, Rinki M, et al. Immune responses to

measles and mumps vaccination of infants at 6, 9, and 12
months. J Infect Dis 2001;184:817–26.

22. Ward BJ, Boulianne N, Ratnam S, Guiot MC, Couillard M,
De Serres G. Cellular immunity in measles vaccine failure:
demonstration of measles antigen-specific lymphoprolifera-
tive responses despite limited serum antibody production
after revaccination. J Infect Dis 1995;172:1591–5.

23. Bautista-Lopez NL, Vaisberg A, Kanashiro R, Hernandez H,
Ward BJ. Immune response to measles vaccine in Peruvian
children. Bull World Health Organ 2001;79:1038–46.

24. Pebody RG, Gay NJ, Hesketh LM, et al. Immunogenicity of
second dose measles-mumps-rubella (MMR) vaccine and
implications for serosurveillance. Vaccine 2002;20:1134–
40.

Pediatr Infect Dis J, 2003;22:695–701 Vol. 22, No. 8
Copyright © 2003 by Lippincott Williams & Wilkins, Inc. Printed in U.S.A.

Congenital toxoplasmosis in twins: a report of
fourteen consecutive cases and a comparison
with published data
FRANCOIS PEYRON, MD, PHD, ATHANASE B. ATEBA, MD, MARTINE WALLON, MD, PHD,
LAURENT KODJIKIAN, MD, CHRISTINE BINQUET, MD, JACQUES FLEURY, MD AND JUSTUS G. GARWEG, MD

Background. The combined influence of congen-
ital toxoplasmosis and twin pregnancy on the du-
ration of gestation has not been previously exam-
ined. Similarly little is known about the influence
of genetic factors on the clinical course of this
disease. The present study addresses these issues.

Patients and methods. Fourteen consecutive
twin pairs born of mothers with Toxoplasma
seroconversion during pregnancy were moni-
tored after birth and during childhood, and the
relevant data were compared with those already
documented for similar cases.

Results. The presumed time of gestation at
which women became infected was earlier in

noninfected than in infected twins (P � 0.007).
Congenital infection did not influence the dura-
tion of pregnancy either in our own cases [36.2 �
4.3 weeks for noninfected children and 37.4 � 1.8
weeks for infected ones (P � 0.45)] or in previ-
ously published ones [35.4 � 3.6 weeks (P � 0.69)].
The infection status was identical for monozy-
gotic twins (with one exception) but different for
dizygotic ones (19 of 20 vs. 35 of 45 cases). The
clinical course through childhood corresponded
more closely for monozygotic twins than for dizy-
gotic ones [17 of 20 vs. 20 of 45 cases (P � 0.007)].

Conclusion. Twin pregnancy is not a risk factor
either for premature birth or for Toxoplasma
infection in contaminated twins. The closely cor-
responding infection status between monozy-
gotic twins highlights the crucial role played by
the placenta in disease transmission. However,
the substantial proportion of discrepant clinical
courses suggests that other, as yet unknown,
factors may be involved.

INTRODUCTION
Congenital toxoplasmosis may be extremely harmful

to the fetus and developing child.1–4 It has also been
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assumed to contribute to premature delivery.5 Given
that twin pregnancy is likewise a risk factor for pre-
maturity,6 these two factors combined might have an
important impact on pregnancy and therefore be of
clinical concern to obstetricians. Nevertheless we still
do not know whether the combination of twin preg-
nancy and congenital toxoplasmosis is an aggravating
risk factor for premature birth. We have little informa-
tion concerning mother-to-child transmission of the
disease, the severity of fetal infection or the clinical
sequelae in such cases. The recognition of an influence
of twin pregnancy on these aspects might further
contribute to our understanding of the role played by
the placenta in mother-to-child transmission of infec-
tious diseases and especially of congenital toxoplasmo-
sis. Moreover several publications indicated the role of
host genetic factors in the control of Toxoplasma infec-
tion.7–10 Studies with twins afford a unique opportu-
nity of determining the respective roles played by
genetic and environmental factors.11 If concordance in
terms of both the transmission and the evolution of the
disease proved to be higher among monozygotic twins
(who share the same genes) than among dizygotic ones
(who share on average 50% of genes), then genetic
factors would be more important than environmental
ones in influencing its progression.12

Only a few studies relating to congenital toxoplas-
mosis in twins have been published, and these deal
with only a few cases. However, the prevailing view is
that concordance is good for monozygotic twins and
poor for dizygotic ones,13 thus favoring the predomi-
nance of the genetic over the environmental influence.

In this study we describe the evolution of the disease
in a cohort of twins born of mothers who seroconverted
for toxoplasmosis during pregnancy and who were
followed up in our department. We also conducted a
literature survey to assess the putative aggravating
role of twin pregnancy on congenital toxoplasmosis and
the influence of genetic factors on its course of devel-
opment after birth.

PATIENTS AND METHODS

Our cases. Between January 1988 and August
2002, all consecutive twin pairs whose mothers had
been followed in our center for seroconversion during
pregnancy underwent analysis for fetal contamination.

Maternal infection was assumed to have occurred if
specific IgM was detected in previously seronegative
women and if their titers of specific IgG rose signifi-
cantly. After confirmation of maternal infection, all
women were offered a standard course of treatment
with spiramycin (3 g/day) until delivery. If infection
occurred after the 32nd week of pregnancy and in
confirmed cases of fetal infection, 3-week courses of
spiramycin were alternated with 3-week courses of
sulfadiazine (3 g/day) and pyrimethamine (50 mg/day).

Twin children were considered to be infected if at
least one of the following criteria was satisfied: (1)
positive mouse inoculation or parasite DNA amplifica-
tion from amniotic fluid and fetal blood, or positive
specific IgM and IgA in fetal blood for children born
before 1994 when cordocentesis was performed for
prenatal diagnosis of toxoplasmosis; (2) positive IgM
(index, �2) after birth (detected by ISAGA; Bi-
oMérieux, Marcy l’Étoile, France); (3) a rise in IgG
(detected by indirect immunofluorescence) during the
first year of life; (4) persistent specific IgG (�5 IU/ml;
detected by indirect immunofluorescence) after the
first year of life; and (5) ultrasonographic evidence of
toxoplasmic damage to the brain, including ventricular
dilatation and cerebral calcifications or chorioretinal
lesions, in combination with one of the four above-
mentioned criteria. The detection of specific IgG at
birth alone did not meet the definition criteria for
congenital Toxoplasma infection, in that it can be of
maternal origin. After confirmation of congenital infec-
tion, children were subjected to clinical, ophthalmo-
logic and serologic evaluations every 3 months until the
end of their first year of life, then every 6 months until
the age of 3 years and annually thereafter. Each child
underwent 3-week courses of peroral treatment with
pyrimethamine (3 mg/kg every 3 days), sulfadiazine
(25 mg/kg every 8 h) and folinic acid (50 mg every 7
days), until a body weight of 5 kg had been attained
(with regular controls of the blood and urine, i.e. for
proteinuria). This therapy was then replaced by Fan-
sidar (1 tablet/20 kg every 10 days which is equivalent
to 1.25 mg of pyrimethamine/kg, 25 mg of sulfadox-
ine/kg every 10 days) and folinic acid (50 mg every 7
days) until the age of 15 months, with hematologic
evaluations every month.

Cases reported in the literature. A Medline sur-
vey using the key words “toxoplasmosis” AND “twins”
revealed most of the publications. A manual search in
specialized text books and a cross-literature search for
related articles completed the list. Studies were further
considered only if they documented maternal serocon-
version and furnished precise information respecting
the zygotic type of twin pregnancy and the status of the
children at birth and up to at least 1 year of age.
Stillborn and early childhood death cases and preg-
nancy termination were consequently also not consid-
ered.

RESULTS
In our own series of cases, no deliveries occurred

before 32 weeks of amenorrhea. No difference was
found between the gestational age at birth (P � 0.45)
for our monozygotic (mean, 36.2; range, 32 to 41;
median, 36; SD 4.3 weeks) and dizygotic twins (mean,
37.4; range, 34 to 39; median, 38; SD 1.8 weeks) or for
the published cases [mean, 35.4; range, 29 to 42;
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median, 35; SD 3.6 (n � 18) weeks; P � 0.69]. The
literature survey revealed only three exceptions, one
twin pair having been delivered during the 29th week
of gestation14 and the other two during the 30th.13, 15

Mothers who had given birth to at least one infected
child had seroconverted significantly later than moth-
ers whose children both had not been infected, the
gestational age at mother’s seroconversion being 23.8
(range, 16 to 29; median, 25; SD 4) weeks and 10.8
(range, 2 to 24; median, 9; SD 8) weeks, respectively
(P � 0.007).

Monozygotic twins. Our cases. From the 1558
pregnancies followed in our department for pregnancy-

acquired toxoplasmosis between January 1988 and
August 2002, 3 pairs of monozygotic twins were born.

Two of the mothers delivered after 32 weeks of
amenorrhea, the third at 37 weeks (Table 1).

In all three cases the serologic analyses performed at
and after birth were identical for each cotwin. One pair
of twins whose mother had seroconverted during the
24th week of pregnancy was not infected, specific IgG
titers being correspondingly negative at 5 months of
age. The two other twin pairs whose mothers had been
contaminated during the 16th and 21st week of gesta-
tion were born without clinical signs of congenital
toxoplasmosis, although parasites had been detected in
each amniotic sac after amniocentesis.

In the first of the two pairs, the infection remained
subclinical throughout the follow-up period of 31
months. IgM and IgA antibody titers were negative at
birth. The evolution of specific IgG was similar in each
child, there being a transient drop in the concentra-
tions of specific antibodies below detectable values
(negation) during the course of treatment, which was
followed by a serologic rebound at 22 months of age, 11
months after the discontinuation of therapy (Fig. 1).

In the second pair parasites were recovered from the
placenta and cranial calcifications as well as specific
IgM and IgA were detected at birth in both infants.

TABLE 1. Own cases; clinical course of twins born of mothers who seroconverted for toxoplasmosis during pregnancy and
were followed at the Hôpital de la Croix Rousse (Lyon, France) between 1988 and 2002.

Gestational Age
at Contamination

(wk)
IgM at Birth IgA at Birth

Confirmation of
Congenital

Toxoplasmosis
Clinical Signs Follow-up

(mos)

Monozygotes 24 [37]* Negative Negative NI
Negative Negative NI

16 [32] Negative Negative AI No 31
Negative Negative AI No 31

21 [32] Positive Positive SI Retinochoroiditis i.e. (34)†
and r.e. (95)

98

Positive Positive SI Retinochoroiditis r.e. (95) 98

Dizygotes Periconceptional [39] Negative Negative NI
3 [38] Negative n.d. NI

Negative n.d. NI
6 [35] Negative Negative NI

Negative Negative NI
6 [39] Negative Negative NI

Negative Negative NI
9 [39] Negative Negative NI

Negative Negative NI
12 [34] Negative Negative NI

Negative Negative NI
12 [38] Negative Negative NI

Negative Negative NI
23 [38] Negative Negative NI

Negative Negative NI
25 [40] Positive n.d. AI No 56

Negative n.d. NI
28 [36] Negative Negative NI

Negative Negative AI No 75
29 [41] Positive Positive SI Retinochoroiditis r.e. (9) 69

Negative Negative SI Retinochoroiditis r.e. (39)
and i.e. (52)

69

* Numbers in brackets, term at delivery.
† Numbers in parentheses, age at detection in months.
NI, not infected; AI, asymptomatic infection; SI, symptomatic infection; intracranial calcifications; r.e., right eye; l.e., left eye; n.d., not done. Symptomatic infection was defined as

the presence of any signs or symptoms of organ involvement. Asymptomatic infection was assumed if the diagnosis was only supported by laboratory tests.

FIG. 1. Evolution of specific serum antibodies in one pair of
monozygotic twins. �, Twin 1; f, Twin 2.
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Serologic rebounds were observed after 10 and 34
months, respectively. In one of the twins, a chorioreti-
nal scar, three disc diameters in size, was detected in
the superonasal portion of the retina at 34 months. At
95 months a small macular lesion was detected in each
child. Psychomotor development was normal during
follow-up.

Cases described in the literature. Seventeen reported
pairs of monozygotic twins fulfilled the inclusion crite-
ria (Table 2).

In 16 of the 17 pairs, both children had been contam-
inated in utero. In the remaining pair, one child was
not infected; whereas in the cotwin, infection remained
subclinical until the age of 108 months after which
there was no follow-up.36 In most of the reported cases,
the pattern of disease development was similar for
each cotwin and had manifested either in asymptom-
atic infection34 or in identical ocular lesions26 and
cerebral calcifications.18 However, pairs of twins have
been described, where severity and evolution of the
clinical disease had been different for each cotwin. For
three independently reported pairs of monozygotic
twins, one of the pair died within 1 month of birth as a
result of severe organ involvement of the infection,

whereas the likewise congenitally infected cotwin sur-
vived.16, 25, 31 In the first case the cotwin had bilateral
ocular lesions with normal psychomotor development
after a follow-up period of 7 months.16 In the second,
well-developing child, bilateral retinochoroiditis was
detected at 14 months, but with no gross impairment
of vision.25 In the third case infection remained
asymptomatic after a follow-up period of 24
months.31 Couvreur et al.13 have also reported a case
in which one child presented with bilateral chorio-
retinitis and strabismus whereas the other remained
asymptomatic for 28 months.

Dizygotic twins. Our cases. Of the 11 pairs of dizy-
gotic twins delivered, 8 were not contaminated. Seven of
them were born of mothers who had seroconverted during
the first trimester of pregnancy (Table 1). Serologic find-
ings at birth were identical for each pair of twins. In six
cases serum antibody titers became simultaneously neg-
ative in each cotwin; in the other two pairs they turned
negative within �3 months of each other.

Of the three remaining pairs, at least one twin was
contaminated. In one pregnancy the mother became
infected during the 29th week of gestation. However,
the clinical and serologic situation of each child at birth

TABLE 2. Cases described in literature: congenital toxoplasmosis in twins

Authors No. of Twin Pairs
Investigated

No. of Pairs, Infection State and Follow-up of Children (mo)

Monozygotes Dizygotes

Zuelzer16 1 1 SI-SI: 7 (1 child)
Bamater17 1 1 SI-SI (both children died before 1

mo of age)
Abbott and Camp18 1 1 SI-SI: -
Tolentino and Bucalossi19 1 1 SI-SI: 22
Farquhar20 1 1 SI-SI:8
Granström and Magnusson21 1 1 SI-SI: 30 -
Michaux et al.22 1 1 SI-SI: 84
Murphy and Flannery23 1 1 SI-SI:48 -
Hoppeler and Sodoun24 1 1 SI-SI: ? -
Benjamin et al.25 1 1 SI-SI: 14 -
Rieger14 1 NI-SI: 120
François26 1 1 SI-SI: 60 -
Carbonnel-Estrany and Mestre E.27 1 1 SI–SI: 15
Glasser and Delta28 1 1 SI-SI: 18 -
Yukins and Winter29 1 1 SI-SI:7
Guffanti and Carones30 1 1 SI-SI: ?
Miller et al.31 2 1 AI-SI: 24 (1

child)
1 AI-SI: 16 (1 child)

Calvi Zampetti et al.32 1 1 SI-AI: 5
Couvreur et al.13 7 1 AI-SI:144 2 SI-SI:4, 84

2 AI-SI: 21; 96
2 NI-SI: 10, 90

Statz et al.15 1 1 AI-SI: ?
Couvreur33 1 1 AI-SI: 22
Sibalic et al.34 17 3 AI-AI: ? 1 NI-SI: ?

3 SI-SI: ? 8 AI-SI: ?
2 NI-AI: ?

Daffos et al.35 1 1 NI-SI: stillborn*
Couvreur et al.36 4 1 NI-AI : 108 1 AI-SI : 18

2 AI-AI: 25, 24
Tjalma et al.37 1 1 NI-SI: 1 (intrauterine death)†

Total 51 1 NI-AI 2 NI-AI
3 AI-AI 6 NI-SI
2 AI-SI 2 AI-AI
11 SI-SI 15 AI-SI

9 SI-SI

* Cordocentesis and amniocentesis-positive; lesions detected by ultrasonography.
† Stillborn; severe malformations, mouse inoculation positive, parasite isolated.
NI, not infected; AI, asymptomatic infection; SI, symptomatic infection; ?, data not furnished; (1 child), 1 of the twins died before 1 month of age.
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differed markedly. One (a girl) had specific IgM and
IgA at birth as well as intracranial calcifications. With
therapy there was a transient serologic drop of specific
antibodies below the detection level, but rebound oc-
curred at the age of 23 months. The twin brother was
negative for specific IgM and IgA at birth, but IgG
remained positive after the age of 1 year. He also
developed a serologic rebound in parallel with his
sister. The ophthalmologic situation was different in
each twin. The girl developed retinochoroiditis in the
right eye at 9 months, whereas her brother manifested
bilateral lesions after 39 and 52 months, respectively.
In the two remaining pairs, maternal contamination
had occurred within the final trimester of pregnancy.
For each pair, in one child serum antibody titers were
negative between one and 9 months, ruling out a
congenital infection. In the infected cotwin infection
remained subclinical up to, respectively, 69 and 75
months (age at last visit).

Cases described in the literature. Of the 34 reported
pairs of dizygotic twins, 26 were congenitally infected
(Table 2). In 11 of these pairs, similar patterns of
disease were reported for each cotwin, there being no
clinical manifestations in 2 pairs and patent infection
in 9. In the other 15 pairs, clinical findings differed for
each cotwin. In all cases one of the pair had subclinical
toxoplasmosis, whereas the other had patent (13 cases)
or even lethal (2 cases) infection.31, 36 The age at which
ocular lesions were diagnosed sometimes differed for
each cotwin, the interval spanning several years in
some instances. Noncoincidental infection status was
observed in 8 pairs. In each of these, 2 infected child
presented a subclinical infection and 6 were symptom-
atic, with symptoms ranging from bilateral involve-
ment of the eyes to either severe organ involvement
and death at birth (within 48 h31) or hydrocephalus and
death at 10 months of age.13

DISCUSSION
Congenital toxoplasmosis in twins has not been fre-

quently reported. This is because the manifestation de-
pends on the coincidence of two independent and rare
events, fetal toxoplasmic infection and twin births (esti-
mated at 8‰ for dizygotic pregnancies and 3.5‰ for
monozygotic ones in Caucasians6). In addition to our own
14 cases, we thus found only 51 other published in-
stances, 45 of these having been reported between 1945
and 1990. In the literature information concerning the
time of gestation at which maternal seroconversion had
taken place or at which the women had delivered was not
always furnished, but gross prematurity was not fre-
quently reported. In our series of cases, no severe prema-
turity was observed, none of the women having delivered
before 32 weeks of amenorrhea and only 4 before 36
weeks. Taking our own and previously published data
together, we were unable to confirm the presumed, but

never proven, tenet that twins with congenital toxoplas-
mosis are at greater risk of being delivered preterm.

In our nine uninfected twin pairs, maternal infection
occurred at or before the 24th week of gestation. Fetal
infection occurred only in mothers who seroconverted
during the second and third trimesters. This finding
does not differ from that observed for singletons38 and
hence does not favor the view that the risk of maternal-
fetal disease transmission is heightened in twin preg-
nancies. Moreover the severity of disease in our cohort
of patients was not obviously greater than that in
congenitally infected singletons (our personal data),
although the case numbers were not sufficient to allow
a definite conclusion. Interestingly fetal infection rate
in twins has not been documented hitherto.

We then addressed the question as to whether the
clinical pattern of disease development is similar in
pair of monozygotic twins and dissimilar in dizygotic
ones. When our own and previously published cases are
pooled, in 19 of 20 monozygotic twins, children were
either both contaminated (18 pairs) or both not infected
(1 pair). The only exception has been reported by
Couvreur et al.,36 and in this case the twining was
monochorial biamniotic. These data highlight the well-
recognized role of the placenta in fetal infection. Indeed
in both of the infected pairs presented by ourselves,
parasitic infection was demonstrated in each amniotic
sac. Because of vascular anastomoses in a monochori-
onic placenta,39 toxoplasmic infection is highly likely to
occur in both children. Moreover serologic analyses at
birth and the evolution of antibody titers thereafter
support the expression of identical disease patterns in
monozygotic twins and a similar reaction of the im-
mune system. In our series both twins simultaneously
presented a transient serologic drop of specific IgG
below the detection level followed by a rebound (Fig. 1),
a common phenomenon observed after drug discontin-
uation.40 Eighty-five percent of monozygotic twins re-
ported in the literature likewise manifested a similar
infection pattern (Table 3). However, in three pairs
clinical findings were different. In one case31 one twin
died 1 month after birth, whereas the other presented
with subclinical infection and a normal psychomotor
development after 24 months. Whether the cause of
death was solely toxoplasmic infection is debatable,
because the child also presented with bacterial perito-
neal infection. Nevertheless postmortem examination
revealed proliferative forms of Toxoplasma in the myo-
cardium, adrenals, kidneys, testis and brain. In an-
other case13 one of a pair of monozygotic twins pre-
sented with strabismus and bilateral ocular lesions,
whereas the other remained asymptomatic. In one of
our cases the course of disease was also different, one
child having an early ocular lesion and the other no
such manifestation, even though both were congeni-
tally infected. The reasons for these discrepancies are
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unexplained. In all previously published cases, it was
stated only that children were monozygotic or, in one
instance, monochorial biamniotic. Because it is difficult
to differentiate monochorionic from fused dichorionic
placentas in children of the same gender, information
concerning membrane structures or other markers of
monozygosity, such as blood group or HLA typing,
would have been valuable. The monozygotic twins
presented by ourselves shared the same blood group.
Because the course of congenital toxoplasmosis is char-
acterized by recurrences and relapses, individual envi-
ronmental factors, such as viral infection, might ac-
count for the differences in ocular lesions. However,
our discrepant pair of twins was reared together, which
suggests that the environment does not have a signif-
icant impact on the course of the disease.41

In contrast to monozygotic twins, dizygotic ones may
behave like nontwin siblings, with a heterogeneous
maternofetal transmission in 10 cases (22%) compared
with 1 (5%) in instances of monochorial pregnancy.
Discrepant clinical patterns were observed in 56% of
cases (Table 3).

On the basis of our literature analysis and our own
experience, we can confirm that transmission of con-
genital toxoplasmosis is concordant in monozygotic
twins and is discordant in dizygotic ones. Although the
course of disease may be strikingly similar in monocho-
rial twins, substantial differences have nevertheless
been described in terms of the severity or occurrence of
new retinal lesions. Hence the relative importance of
genetic and environmental factors remains enigmatic.
The analysis of published cases is sometimes hampered
by uncertainties concerning the type of zygosity and by
short follow-up periods. Future reports should system-
atically include information concerning the placental
structure, and biologic markers, such as blood group
and HLA typing, be furnished. Moreover the high
resolution of ultrasonography now should facilitate the
detection of monochorionic placentae. If this more me-
ticulous approach is adopted in the future, we may be

afforded a better insight into the mechanisms under-
lying recurrence and relapse in ocular toxoplasmosis.

Thus whatever their zygosity, each child should be
individually monitored, because the course of disease,
and especially the occurrence of new ocular lesions,
may differ between the mono- and dizygotic twins.
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Safety and immunogenicity of Shigella
sonnei-CRM9 and Shigella flexneri type
2a-rEPAsucc conjugate vaccines in one- to
four-year-old children
JUSTEN H. PASSWELL, MB, CHB, FRCP(UK), SHAI ASHKENAZI, MD, MS, EFRAT HARLEV, MD, DAN MIRON, MD,
REUT RAMON, MPH, NAHID FARZAM, BS, LIAT LERNER-GEVA, MD, YONIT LEVI, MHA AND THE ISRAEL
SHIGELLA STUDY GROUP, CHIAYUNG CHU, MD, JOSEPH SHILOACH, MD, JOHN B. ROBBINS, MD AND
RACHEL SCHNEERSON, MD

Background and objective. Shigella conjugate
vaccines have been shown to be safe, immuno-
genic and efficacious in adult volunteers. We

have now investigated the safety and immunoge-
nicity of investigational Shigella sonnei and Shi-
gella flexneri 2a conjugate vaccines in 1- to
4-year-old children, the age group at greatest
risk for shigellosis.

Methods. The O-specific polysaccharides of S.
sonnei and S. flexneri 2a, the two most common
shigellae from patients in Israel, were bound to
medically useful carrier proteins to form conju-
gates. Eighty healthy 1- to 4-year-olds were ran-
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