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SUMMARY

During a period of 2 years (2000 and 2001) 996 Shigella flexneri strains from sporadic cases in
Israel were sent to the National Shigella Reference Centre (NSRC) by hospital and outpatient
clinics. The most common serotypes were 2a, 6 and 1b, accounting for 88-4 % of all isolates. They
were investigated according to the monthly distribution of the strains, and the age and sex of the
patients. The severity of the disease was assessed by a hospital/outpatient distribution (H/Od) of
the isolates, based on the location of the sending laboratory. The most affected age groups were
0-11 months and 14 years, and the prevalent serotype was 2a, while serotype 6 was dominant in
the 5-14 years age group. More cases were registered during the hot season, and there were some
serotype-related variations. Overall, 62-1 % of the samples were from male patients. Serotype 1b
was dominant in the male/female ratio, although it was third in general prevalence. According to
the H/Od serotype 2a was more common in hospitalized males and serotype 6 in outpatients,
both male and female. These variations, as well as changes in serotype prevalence in the past,
underscore the importance of serotype monitoring as part of the public health strategies for

reducing the burden of Shigella flexneri infections.

INTRODUCTION

Shigella flexneri has been described as the first or the
second most common cause of shigellosis depending
on geography and socioeconomic factors [1]. It may
be as significant for the overall burden of shigellosis
as S. sonnei, considering the clinical picture of the
disease which can be severe with complications and
even death, as well as the fact that the real number of
cases is usually higher than reported [1-3]. S. flexneri
is also the prevalent endemic group [1, 4] and vaccine
development has been a priority for a number of
countries [5-7]. However, the protective immunity,
whether natural or induced, is directed primarily
against the Shigella O antigen and depends upon a
diverse antigenic structure, resulting in 15 serotypes
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[8, 9]. There is also a potential risk of repeated infec-
tions with different serotypes [1].

In Israel S. flexneri is identified in 8§-10% of all
cases of shigellosis. Although well behind S. sonnei,
which with over 80% is the main cause, the endem-
icity of S. flexneri infection is still an important factor
in the overall shigellosis morbidity in the country
[4, 10-12].

The aim of this study was to investigate in detail
the serotype variations of S. flexneri strains in an
attempt to develop a more focused approach in plan-
ning public health strategies as well as addressing the
growing problem of antimicrobial resistance.

MATERIALS AND METHODS

Bacterial strains

The Shigella strains were isolated by hospitals and
outpatient laboratories in Israel during a period of
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2 years—2000 and 2001. They were identified as
belonging to the S. flexneri subgroup and sent to the
National Shigella Reference Centre (NSRC) in com-
pliance with existing public health regulations [11, 13].
All samples were from sporadic cases. No outbreak of
S. flexneri infection was reported during the period
under review, which coincides with the resumption of
testing for antimicrobial resistance of all S. flexneri
isolates sent to the NSRC.

Biochemical identification

At the sending laboratories, both hospital and
outpatient, the faecal samples and/or rectal swabs
were processed using standard methods such as
growth on selective media (MacConkey—sorbitol agar,
Salmonella—Shigella agar and selenite broth) followed
by inoculation of suspicious colonies into triple sugar
iron agar slants. Biochemical identification in the
smaller establishments was performed with the Entero-
Plus bi-phasic reagent (Novamed, Jerusalem, Israel)
and in the bigger facilities — with the Gram-negative
identification cards of the API (bioMérieux SA,
Marcy I’Etoile, France) and VITEK (bioMérieux)
identification systems.

At the NSRC the biochemical identification was
verified using standard methods [8, 14]. The results
of the sending laboratories were confirmed in 98 % of
the cases.

Serological identification

At the sending laboratories the strains were checked
by the slide agglutination method [15] with S. flexneri
polyvalent B antisera (Denka Seiken, Tokyo, Japan;
Murex-Remel, Lenexa, KS, USA; or Bio-Rad,
Hercules, CA, USA). At the NSRC a complete set of
S. flexneri type and group antisera (Denka Seiken)
was used, allowing for the identification of 13 sero-

types [16].

Statistical analysis

Sex and age distributions of the isolates in the
S. flexneri subgroup and the prevalent serotypes, as
well as hospital/outpatient correlations with sex, age
and serotype were examined by the y? test. Two-tailed
tests were applied. Trends in serotype prevalence and
related hospital/outpatient sources were investigated
by Pearson’s correlation coefficient. Demographic
information about the size of the age groups and the
male/female distribution as regards the general

https://doi.org/10.1017/5095026880300147X Published online by Cambridge University Press

Table. S. flexneri serotypes during the period
2000-2001

No. of

Serotype isolates %

2a 377 37-8
6 299 30
1b 205 206
2b 33 33
4a 26 2:6
3b 26 2:6
3a 17 1-7
la 5 0-5
Y 5 0-5
Sa 1 0-1
4b 1 0-1
X 1 0-1
Total 996 100

population was obtained from the Israeli Central
Bureau of Statistics [17].

RESULTS

The study includes 996 samples belonging to the
S. flexneri subgroup, which were confirmed and
identified serologically. The information about the
patients was received on standard formats, which
were checked for completeness and accuracy. Overall
the most common serotype was 2a with 37-8 %, fol-
lowed by serotypes 6 and 1b. The list of all isolated
serotypes is presented in the Table.

Seasonality

With no significant difference between the two years,
the monthly distributions for the S. flexneri group
and prevalent serotypes were calculated on the basis
of average figures for the whole period (Fig. 1). The
higher isolation rates for the S. flexneri group were
registered between May and October with a peak
in August. Serotypes 6 and 1b followed the same
trend although there were significant elevations in
September (r=0-75) and May (r=0-70). Serotype 2a
peaked in July with a high isolation rate in October
and even in December (r=0-78).

Age

The affected age groups were selected according to
a strata-based division of the world population, which
includes different levels of economic development
[1]. Precise information about age was obtained for
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Fig. 1. Monthly distribution of the S. flexneri (S.f.) serotypes (averages 2000-2001).

95% of the samples. According to the incidence rate,
serotype 2a was the most common strain, except for
serotype 6 in the 5-14 years age group (P<0-001).
The serotype distribution in the age groups repeated
and amplified the incidence patterns, especially the
replacement of serotype 6 by serotype 1b in the older
age groups.

Sex

In general, 62:1% of the samples in the S. flexneri
subgroup were from male patients, with similar pro-
portions in the serotype divisions (P<0-001). Most
of the isolates of both males and females came from
the 0—11 months and 1-4 years age groups where the
prevalent serotype was 2a. The sex distribution in
relation to age and serotype showed a pattern similar
to the incidence distribution, but here the emergence
of serotype 1b, which was second in prevalence in
the elderly age group was linked to males (Fig. 2,
P <0-001). This was further emphasized by the male/
female ratio in all age groups and especially in the
> 60 years age group (P<0-001).

Hospital/Outpatient distribution (H/Od)

This study is based entirely on routine testing at the
NSRC and information about the cohorts can only be
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obtained from the standard formats accompanying
the incoming isolates. Since duration of hospital-
ization, symptoms or other clinical indications are not
included, one way to extrapolate the laboratory data
on the severity of the disease is to divide the samples
according to the location of the sending laboratory.
Overall, outpatient laboratories sent 62-4% of the
isolates. The H/Od for the S. flexneri subgroup was
repeated in the serotype divisions with a higher
hospitalization rate in the age groups with a greater
general susceptibility of the cohorts (Fig. 3, P<0-01).

The introduction of sex and serotype resulted in a
significant H/Od only for the samples from males
(P<0-05), while an additional correlation with age
had no effect.

DISCUSSION

Most of the S. flexneriisolates in Israel belong to three
serotypes. During the period under review 88-4 % of
all samples were identified as serotypes 2a, 6 and 1b
(Table). In order of prevalence serotype 6 was the
most common strain in 2000 and serotype 2a in 2001.

Seasonality

Presented as monthly distributions of the samples,
seasonality reflects the climatic conditions in the
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Fig. 3. Hospitalization ratio of the S. flexneri (S.f.) serotypes.

country, which generally form two seasons — one hot focus on specific months [11, 18, 19]. However, the
and dry beginning in May and the other a cooler, = monthly trends of serotypes 6 and 1b with significant
rainy period starting in November. There have been  increases in August, September and May, and of
attempts to define ‘winter’ and ‘summer’ or even  serotype 2a, which peaks in July with elevations in
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October and even December, indicate that, as in other
endemic areas, S. flexneri shigellosis is an all-year-
round disease [6]. On the whole, higher temperatures
and humidity coincide with higher morbidity but
focusing on a definite time period can be misleading.
Opverall, serotype 2a was dominant during 8 months
and serotype 6 during 4 months. For both serotypes
the period of prevalence is evenly divided between the
two seasons (Fig. 1).

In previous studies of age-related incidence rates in
Israel the highest incidence was registered in the 1-4
years age group although many of the reported cases
were not defined by age [4, 11]. This finding is sup-
ported by the present study with the addition of the
0—-11 months age group (Fig. 2). Thus the age groups,
which include 10% of the population, account for
almost half of all cases (47%). Reports from other
endemic regions also indicate that most cases of
shigellosis occur in children between 6 months and 3
years, which links incidence to the time of weaning [6].

In this study the most common serotype is 2a,
especially in the >60 years age group. Serotype 6 is
prevalent in the kindergarten/early school age group,
and is gradually replaced by serotype 1b in the older
age groups. The case fatality is 0 in all age groups,
which can be attributed to favourable social and
economic factors.

In general the sex distribution indicates that more
samples come from males. Adding age reveals a pat-
tern similar to the incidence distribution as well as
a certain link between serotype 1b and males over
60 years (Fig. 2). On its own the connection may not
be convincing as the numbers are low but it is sup-
ported by the male/female ratio; serotype 1b is ahead
of serotypes 2a and 6 in all age groups and, signifi-
cantly, in the > 60 years group, although it is third in
overall prevalence.

The reliability of H/Od as a relative indication of
the severity of the disease depends on the level and
availability of medical care as well as the veracity of
reporting [1]. In Israel, where such conditions exist,
the course of the disease, as defined by the H/Od, is
generally mild. In the present study the higher hospi-
talization rates are registered in the very young and
the elderly age groups, which may be connected to
higher overall susceptibility (Fig. 3). The order of sero-
type prevalence in the hospitalization ratio indicates
that serotype 1b is second in the very young age
group, but first in the elderly age group. This means
that the second largest group of patients to seek hos-
pitalization because of severe shigellosis may be those
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challenged by serotype 1b. Another clue to the patho-
genicity of the prevalent serotypes is the combination
of H/Od with sex, which points to males as being
more seriously affected by serotypes 2a and 1b, while
serotype 6 appears to cause a milder form of the
disease.

The high incidence of S. flexneri infections in Israel
is attributed to the endemic nature of shigellosis in
the region. However, the pattern of the prevalent
S. flexneri serotypes is not stable. Thus according
to the records of the NSRC for a 9-year period
(1993-2001) the dominant serotype is 6 while serotype
2a is the most common strain on only two occasions —
in 1998 and 2001. This should be considered in plan-
ning vaccine prophylaxis, since according to reports
of trials with a combination vaccine composed of
serotypes 2a and 3a, it did not confer significant
protection against a challenge with serotype 6, which
lacks the defining acetyl and/or glucosyl groups to the
basic Y chain [7, 9].

The pattern of serotype 1b indicates another vari-
ation — it emerged as the third most common strain
in 1996, replacing serotype 3 (3a and 3b combined),
which has since dropped to insignificant numbers
(Table). Similar findings have been reported from
other endemic regions [19, 20]. A connection between
emerging serotypes with sex and/or age may be linked
to evolving demographic trends such as ageing or
male/female related population shifts. Therefore a
strategy aimed at reducing the number of cases, in-
cluding both vaccine development and public health
measures, can only be effective if based on continuous
monitoring and investigation of the circulating
S. flexneri serotypes.
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