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The Shigella genus, a member of the 
Enterobacteriaceae family, is the invasive 
pathogen and etiologic agent of human 
shigellosis, which causes watery or mucoid/

bloody diarrhea following the host inflammatory 
responses. This gram-negative genus comprises 
Shigella dysenteriae, Shigella flexneri, Shigella sonnei, 
and Shigella boydii serogroups, also known as Shigella 
subgroups A, B, C, and D, respectively.1–5 Shigella 
infections are generally transmitted through the fecal-
oral route. Low hygiene is considered the main cause 
of its community transmission.6 This bacterium is the 
second cause of mortality via diarrhea and is globally 
responsible for approximately 212 000 death per 
annum, mainly among under-five-year-old children.7 

The prevalence of members of the genus Shigella varies 
in different geographical regions. S. flexneri serotypes 
2a, 1b, 3a, 4a, and 6 accounts for most cases of shigellosis 
in developing countries.8–10 Other S. flexneri serotypes, 
almost 23 serotypes in total, are reportedly associated 
with various human diseases.11–13

In general, the pathogenic mechanism of 
shigellosis is common among all the serotypes, 

but there are some serotype-specific pathogenic 
features.14 For instance, only S. flexneri serotype 
2a strains have the ability to exploit the immune 
modulating activity of protease involved in intestinal 
colonization (Pic) and impair leukocyte trafficking 
and migration. It has been postulated that this 
virulence factor is responsible for the dominance of 
S. flexneri serotype 2a in Shigella outbreaks.15,16

Serotype conversions and the emergence of new 
serotypes such as serotype Z in Shigella species are 
mediated by their ability to modify O-antigen to 
evade the host’s immune system.17 This information, 
mainly provided by sequencing and phylogenic 
analysis studies, will be discussed further in this 
article. Nontypeable Shigella strains, which cannot 
be recognized by commercial antisera and are often 
indistinguishable from other serotypes by common 
DNA-based molecular techniques, have been 
reported in several studies.11,18 

While it is not clear why S. flexneri undergoes 
serotype conversion, it seems to enable S. flexneri 
to evade host defense responses.19 Studies also 
show that genes encoding glucosylation can 
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A B S T R AC T
Shigella flexneri is the most common cause of shigellosis in developing countries. Up 
to now, 23 serotypes of S. flexneri have been reported. Different serotypes result from 
the addition of acetyl, glucosyl, or phosphatidylethanolamine groups on the O-antigen 
backbone and horizontal transfer of mentioned groups can lead to serotype conversion 
among S. flexneri strains. Serotype conversion causes either a circulation of pre-existing 
serotypes or is responsible for the emergence of new serotypes. Serotype conversion plays 
a pivotal role in the protection and evasion of S. flexneri from the host immune response. 
Furthermore, spreading any new serotype can provide evolutionary advantages. Hence, 
information about S. flexneri O-antigen structure, serotype conversion, and serotyping 
methods can be helpful to understand the disease that attributes distinct serotypes in 
order to apply control or prevention methods in accordance with predominant serotypes 
over the course of time. Thus, the scope of this review is to give an overview of the 
serotype structures, factors involved in O-antigen modification, molecular analysis, and 
epidemiological evidence for the benefits of serotype conversion for S. flexneri serotypes. 
We are also providing a review of the typing methods.
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provide evolutionary benefits including facilitating 
bacterial cell-to-cell spreading and resistance to 
environmental conditions such as the stomach’s low-
pH environment.1,17

All these suggest that the unique characteristics 
of each serotype, depending on environmental 
conditions, can lead to the selection of a specific 
serotype or serotypes in a geographic population. 
This emphasizes the importance of conducting 
epidemiological surveillance tailor-made to 
geographical region/population. In this review, 
we shall provide an overview of biochemical and 
molecular processes involving the development of S. 
flexneri serotypes and molecular analysis of serotype 
conversion. The review also provides evidence of 
serotype conversion in epidemiological surveillance 
and its importance. We also discuss correlations 
between serotype conversion and acquired drug 
resistance or pathogenicity traits, in addition 
to the new-generation molecular methods for 
differentiating various S. flexneri serotypes.

Methodology and research strategies
Studies from 1995 to 2021 that addressed the topics 
of S. flexneri serotypes, O-antigen structure, and 
serotype conversion were accessed from PubMed, 
Web of Science, Scopus, ScienceDirect, and 
Springer literature databases. Several terms and 
keywords of ‘Shigella flexneri serotyping’, ‘O-antigen 
structure’, ‘O-antigen biosynthesis’, ‘O-antigen 
glucosylation’, ‘phosphoethanolamine transferase 
gene’, ‘phosphoethanolamine modification’, ‘serotype 
conversion’, ‘Shigella flexneri serovars’, ‘serotype-
converting bacteriophages’, ‘evolutionary advantage’, 
and ‘molecular typing’ were used to identify 
potentially relevant studies. Serotype conversion, 
O-antigen modification in S. flexneri, serotyping 
approaches, and immunogenicity data were included 
in this study. Studies before 1995, studies containing 
discrepant data, case reports, congress abstracts, 

letters to the editor, and studies that were limited 
to antimicrobial resistance, pathogenicity, and 
outbreaks were excluded from the study. A total of 
105 qualified articles were selected to be included in 
this review.

The key information extracted from the 
selected 105 scientific articles is summarized and  
reviewed below. 

O-antigen diversity of S. flexneri
Due to the lack of H antigen in Shigella species, 
the serotyping of this bacterium is limited to 
O-antigen. O-antigen is a component of the outer 
membrane lipopolysaccharide of the bacterium, 
which plays a critical role in the induction of host 
immune response.8,9 All, except serotype 6, share 
common repeating units of tetrasaccharide in their 
polysaccharide backbone, which is composed of 
three L-rhamnose residues (rhamnose (Rha) I, RhaII, 
RhaIII) and one residue of 2-acetamido-2-deoxy-d-
glucose (N-acetylglucosamine (GlcNAc))3 [Figure 1].

Serotype Y of S. flexneri has the basic O-antigen 
with single group 3:4 antigenic determinants, which 
are encoded by the chromosomal rfc. Any modification 
of O-antigen structure, such as the addition of glucosyl, 
O-acetyl, or phosphoethanolamine (pEtN), to different 
sugars in the tetrasaccharide backbone, is involved in 
serotype conversion of S. flexneri.8,20–22 The classification 
of S. flexneri serotypes is based on the placement of 
glucosyl, O-acetyl, or pEtN on different sugars with 
different bonds on tetrasaccharide backbone, which 
engender different types (I, II, III, IV, V, IC, or VII) 
and group-specific 6–10 antigenic determinants in 
different serotypes.18,21 It should be noted that although 
O-antigen is type specific in each serotype, O-antigen 
groups exist among serotypes with a different type 
of O-antigen.22,23 Glucosylation of O-antigen 
monosaccharides including RhaI, RhaII, or GlcNAc at 
various positions and residues will engender different 
antigenic types or groups.3,23,24 O-acetylation occurs on 

GIcNAc Rhal Rhall Rhalll

RhamnoseN-acetylglucosamine

RhaI, Rha, and RhaIII: L-rhamnose residues; GlcNAc: 2-acetamido-2-deoxy-d-glucose. 

Figure 1: Schematic structure of common Shigella flexneri tetrasaccharide backbone (except serotype 6).
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Rha and GlcNAc, which is based on the position and 
residues that are subjected to modification, and can 
provide different types and groups of O-antigen (e.g., 
groups 6, 7, 8, and type III).23

The addition of pEtN on RhaIII and/or RhaII 
was reported in 4av, Xv, Yv, and Yv1 serotypes and 
the ‘v’ letter is useful for all serotypes which carry 
pEtN modification.23

Serotype 6 of S. flexneri is genetically different 
and its O-antigen consists of 2 L-rhamnose, 
D-galacturonic acid, and GlcNAc, which is 
substituted by GlcNAc in other types of S. flexneri 
O-antigens [Figure 2]. This change in the O-antigen 
structure is unique and is not reported in other 
serotypes, currently.25 

Genetic basis of serotype conversion
Serotype-converting bacteriophages are participating 
in Shigella O-antigen modification.26–28 The 
reason why some bacteriophages carry O-antigen 
modification genes is that they use O-antigenic 
polysaccharide chains as receptors for adsorption.8,21,29

O -antig en modification can prote ct 
bacteriophages by inhibiting other homologs’ 
bacteriophage adsorption. It is also advantageous 
to the bacteria by enabling them to evade the host's 
immune response. This modification occurs before 
O-antigen polysaccharide backbone transfers to 
the lipid A core.30 These bacteriophages induce 
glucosylation through proteins encoded by 
glycosyltransferase (gtr) operon in the bacterial 
chromosome. Bacteriophages involved in this process 
include SfI, SfII, SfIV, Sf V, and Sf X. Although these 
phages belong to various virus families, they share a 
similar position for glucosyl transferase genes.8,31

The genes responsible for glucosylation of 
polysaccharide backbone include gtrA, gtrB, and 
the serotype-specific gtr which are located in a 
single cassette known as a gtr cluster. GtrB plays 
an important role in the synthesis of undecaprenyl 
phosphate-β-glucose (UndP-β-Glc) from UDP-α-

Glc, and gtrA facilitates translocating UndP-β-Glc 
from the cytoplasm into periplasm, where O-antigen 
modification occurs. Unlike gtrA and gtrB which 
are highly conserved, gtr (type) encodes serotype-
specific glucosyltransferases—GtrI, GtrII, GtrIV, 
GtrV, GtrVII (formerly GtrIc), and GtrX—that cause 
glucosyl group attachment to specific sugar units.31 
As previously discussed, the addition of an O-acetyl 
group to RhaI at position 2 (2-O-acetylation), RhaIII 
at position 3 or 4 (3/4-O-acetylation), or GlcNAc 
constitutes another form of O-antigen modification, 
which is mediated by different genes and responsible 
for the generation of different serotypes. The gene 
responsible for acetylation in 3a, 3b, and 4b serotypes 
is named oac and encoded by sf6 bacteriophage, 
which causes serotype variation by adding an acetyl 
group to RhaI at position 2 (2-O-acetylation). 
On the contrary, acetylation of RhaI at position 2 
(2-O-acetylation) of 1b and 7b serotypes is done by 
an oacA variant named oac1b, which is encoded by 
sf6 bacteriophage. It is important to note that sf6 
bacteriophage is not the only transferable element 
responsible for acetylation and that phages other 
than sf6 can also be responsible for this process.23,32 
Unlike other serotypes, 3/4-Oacetylation of RhaIII 
in serotype 6 is mediated by oacB homolog called 
oacC, which is encoded by a bacteriophage structure 
located in another place on the chromosome that 
is different from oacB.33,34 The last-mentioned 
modification is related to GlcNAc acetylation.

This modification is conducted by oacD, which is 
located on serotype-converting bacteriophage sfII. 
Integration of sf II into the host chromosome by 
lysogeny is responsible for this modification, which 
occurs in 2, 3a1, X1, Y1, Y2, and Yv1 serotypes. 
SfII bacteriophage encodes both acetyltransferase 
and glucosyltransferase genes, but their functions 
are independent of each other. So that the gtr 
locus, which is responsible for glucosylation, is 
dysfunctional in 3a, Y, and Yv serotypes, and 2a is the 
only serotype in which both the enzyme are active.34

GalAGaINAc Rhall Rhalll

RhamnoseN-acetylgalactosamine Galactosamine

Figure 2: Schematic structure of common Shigella flexneri tetrasaccharide backbone of serotype 6.
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The polymorphic gene lpt-O is located on pSFxv-2 
or pSFyv-2 plasmids. Both pSFxv-2 and pSFyv-2 can 
mobilize among varied serotypes of S. flexneri and 
cause unnatural O-factor IV-1-positive ‘variants’ 
(v), including 4av, Xv, Yv, and Yv1 serotypes. These 
serotypes are engendered by the addition of the pEtN 
group to position 3 of both RhaII or/and RhaIII. 
Although RhaII is phosphorylated in both 4av 
and Yv serotypes, the Xv serotype carries the pEtN 
group on RhaIII. Evidence suggests that the genes 
responsible for this modification pattern are distinct 
and have been nominated as lpt-ORII and lpt-ORIII 
through the phosphorylation of RhaII and/or RhaIII, 
respectively. Studies also showed that acetylation is 
affected by the degree of phosphorylation.35 Though 
phosphorylation of both RhaII and RhaIII hinders 
O-acetylation, phosphorylation of RhaIII by itself 
does not. Two different genes (lpt-ORII and lpt-
ORIII) are responsible for pEtN modification. 
Studies show that the difference between these 
genes is probably correlated to 11 base changes and 
seven amino acid changes in order to be adapted to 
the O-antigen structures based on the serotype.35,36 
For instance, lpt-ORIII comfortably positions pEtN 
onto RhaIII in 4a serotype as this position is not 
occupied, while RhaIII in X serotype is occupied by 
glucosyl group. Therefore, selective pressure causes 
lpt-ORII to choose RhaII in order to add the pEtN 
group to RhaII instead of RhaIII. Other serotypes 
that are affected by this modification include Yv and 
Yv1, which acquire the pEtN group from either lpt-
ORII or lpt-ORIII origin. The lpt-ORII generates 
Yv strains from Y or Xv, and lpt-ORIII is determined 
to convert serotype 2 into serotype Yv1.21,23

Molecular aspects of S. f lexneri serotype 
conversion
Serotype diversity in S. flexneri evolves as a result of 
horizontal transfer of transposable elements, which 
encode O-antigen modification enzymes that in turn 
facilitate serotype conversions among the various 
strains.18,36 For example, serotype conversion by 
glucosylation genes of bacteriophages can convert 
Y serotype to 1a, 2a, 4a, 5a, and X serotypes, 
respectively.23 Studies have been conducted on 
the mechanisms in which glucosylation causes 
serotype conversion. The study on Sf X lysogenic 
bacteriophage proposed that after synthesis of 
UndP-β-Glc from UDP-α-Glc, the former flips to 
the periplasmic side of the cytoplasmic membrane 

either by gtrA alone or by gtrA associated with gtr 
(type). Then the glucosyl group transfers to the 
growing polysaccharide chain by gtr (type), which 
acts as a specific glucosyl transferase. As the antigen-
carrier lipid is still intact after glucosylation of 
polysaccharide backbone by gtrX, polymerization 
and transfer can be continued by Wzy and WaaL 
(two proteins responsible for polymerization and 
ligation) on the growing polysaccharide chain. 
The lipid carrier associated with this glucosylation 
process uses similar biosynthesis pathway(s) with 
many other bacterial outer-membrane structures. 
The regeneration of these molecules is crucial to 
the bacterial cell function, as the shortage of lipid 
carriers on the bacterial cytoplasmic membrane may 
be associated with bacterial lysis.30

The remarkable point is that if S. flexneri is 
affected by several bacteriophages, serotype diversity 
will increase. However, each bacteriophage has a 
specific host range; for example, SfI is specific for 
serotypes X and Y; SfII is specific for serotypes 3a, 
5a, and Y; SfIV is specific for serotypes 1a, 1b, 1c, 
and X; and Sf V is specific for serotypes 1a, 1b, 2a, 
2b, 3b, 4b, and Y.37

Mutations encoded by bacteriophages may cause 
inactivation of gtr locus in S. flexneri strains, which can 
lead to serotype reversion or conversion. Surveillance 
studies showed some strains that carried defective 
forms of glucosylation genes, which had evolved from 
the wild-type genes. These mutations are responsible 
for the conversion of some types of serotypes.

The same serotypes may have quite different 
origins. For instance, Yv and Yv1 subtypes could 
be the results of several other serotypes at their 
origins. Accordingly, they could be the result of 
either the acquisition of an opt-carrying plasmid of 
Y serotype, inactivation of a gtr gene of Xv serotype, 
or a combination of the latter two occurrences of 
2a serotype.21 In addition, some serotypes may be 
generated from two distinct glucosylation genes. 
The study conducted by Stagg et al,6 shows that out 
of two glucosyl groups that serotype 7 possesses, the 
first one is mediated by the same gtr cluster inside 
SfI prophage, which encodes glucosyl group in this 
serotype, but the second glucosyl group is a result of 
gtrIc glucosyltransferase. As gtrIc glucosyltransferase 
is integrated at a dissimilar place adjacent to the 
conserved yejO in the bacterial chromosome, it is 
possible that gtrI and gtrIc clusters are attained from 
different bacteriophages.
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Serotype conversion in epidemiological 
surveillance
There is some evidence that serotype conversion is 
the key selective pressure for the emergence of the 
S. flexneri epidemic clones and is critical for the 
pathogen’s evolution.38 Evidence also suggests that 
serotype conversion of S. flexneri occurs not only 
in the environment, but within the human host as 
well.39,40 The emergence of new S. flexneri serotypes 
is a major healthcare problem since some may 
potentially evade the host's immune response and 
are undetectable by conventional methods.11,17

As previously mentioned, predominant serotypes 
may be associated with the development of novel 
serotypes that can provide survival advantages to S. 
flexneri in order to be dominant in the future. For 
example, 4s serotype, which appeared in Henan 
Province, China in 2010, is supposed to have been 
derived from Xv serotype even though molecular 
analysis shows that this serotype has evolved from 
2a, 2b, 2c, and Xv serotypes. Yv serotype is another 
novel serotype that is thought to have evolved 
from Y, Xv, and 2a in different manners, according 
to its ancestor.17,18,21,41 Serotype conversion is not 
limited to the emergence of new serotypes and 
can occur among common serotypes. A study 
in China suggests that the common 1a serotype 
may have changed to 2a in the three decades from 
1972 to 2010.42 Another study showed that the 2a 
serotype which was the most prevalent serotype 
from 2000 to 2001 in Henan Province, China, 
was later replaced by a novel serotype, Xv, from 
2002 to 2006.5 Frequent serotype switching in a 
clone of S. flexneri was determined as the cause of  
this replacement.5

Importance of serotype conversion
The capacity for many serotype conversions in  
S. flexneri plays an essential role in the emergence 
and distribution of distinct serotypes of S. flexneri 
in different human populations.17 In general, 
serotype conversion is engendered becuase of 
genetic modification, which can participate in the 
development of serotypes that not encountered 
earlier in a population. This emergence is clinically 
important since protective immunity to some 
serotypes need not confer cross-protection against 
others. Serotype switching may be the main reason 
why S. flexneri infection is still persisting despite 
the global improvement in hygiene.5 Moreover, this 

switching may provide evolutionary advantages 
to some serotypes, with a continued threat to  
public health.5

Serotype conversion-mediated antibiotic 
resistance and virulence traits
S. flexneri, due to its capacity for serotype conversion, 
could confer differences in its pathogenesis.43 
Microevolution of each strain, through distinct 
genetic events linked to O-antigen modification and 
the acquisition of resistance genes, could lead to the 
emergence of a new strain with different pathogenic 
capacities. A study on S. flexneri ST91 serotype 
Xv showed that the strain was related to serotype 
II, common in China.17 Multiple evolutionary 
events, including the acquisition of antibiotic 
resistance genes, had happened in this strain before 
the occurrence of the serotype conversion event. 
This phenomenon is not exclusive to serotype Xv 
but has been observed in others such as serotype 
4s.17 It seems that new serotypes are more likely to 
evolve from common serotypes in a region, which 
may eventually result in proliferation of clinically 
important S. flexneri serotypes in that region.38

Serotype conversion can affect S. flexneri 
pathogenicity. A study reported serotype S. flexneri 
1c occurring as a result of the acquisition of gtrI, gtrIc, 
and oacB genes via three distinct bacteriophages, 
which were related to massive DNA deletion, giving 
a possible explanation for the genetic diversity of 
this strain. Since the protective immune response 
to S. flexneri mainly targets the O-antigen, extensive 
diversity of O-antigen modification in serotype 1c 
could facilitate S. flexneri escaping from immune 
cells, which affects its pathogenesis.44 In a study 
by Nie et al,45 it was supposed that genetic events 
(such as inversion, translocation, deletion, and 
acquisition) could lead to diversity in serotype 
conversion region, possibly accompanied by loss or 
acquisition of other virulence loci including Shigella 
pathogenicity islands 1 and 2. Some of these changes 
could increase expression levels of virulence genes 
among the newly-evolved serotypes.45

Cell invasion of S. flexneri is mediated by the 
type three secretion system (T3SS).46 The study 
conducted by West et al,47 showed glycosylation of 
O-antigen promotes Shigella invasion by affecting the 
T3SS. Glucosylated O-antigen is more compact and 
shorter than non-glucosylated antigen, which allows 
the proper function of T3SS.47 Additionally, a more 
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compact and denser O-antigen facilitates interaction 
between O-antigen molecules, contributing to the 
stabilization of the outer membrane.48 The length 
of O-antigen in Shigella exerts some effects on its 
function. In a study by Morona et al,49 a strong link 
between chain length of O-antigen in S. flexneri 
serotype 2a and its effect on the regulation of the 
IcsA function was established. S. flexneri serotype 
2a encodes bimodal O-antigen, including S-type 
O-antigen (short-type) and VL-type O-antigen 
(very long-type).49 The S-type O-antigen contributes 
to IcsA mediated motility of S. flexneri, while VL-
type O-antigen may mask IcsA and cause resistance 
to direct complement-mediated serum killing.49 
In addition, VL-type O-antigen is proposed to be 
important for resistance to direct complement-
mediated serum killing in S. flexneri 2a.50 The length 
of O-antigen chain is critical for invasion (adherence 
to and internalization) of S. flexneri serotype 2a to 
host macrophages and epithelial cells.51,52 In vitro 
expression of different O-antigen modals is growth-
phase-dependent; however, further studies are 
needed to characterize mediators that are involved 
in structural changes of O-antigen in host tissue.51

Lipopolysaccharide variation is also an important 
strategy used by bacteria to adapt to environmental 

conditions. The presence of an S-type O-antigen is 
not only required for the cell-to-cell spreading of 
S. flexneri, but it also causes optimal acid resistance 
as a VL-type O-antigen that masks membrane 
protein, which is associated with acid resistance.1 
There is no study to describe other modifications, 
like acetylation, and their roles in the virulence of 
Shigella serotypes.

New-generation molecular methods 
The main drawback of S. flexneri serotypes 
nomination is that there is no standard definition of S. 
flexneri serotypes, so according to the emergence of a 
variety of new serotypes, there is a necessity for a new 
revision of S. flexneri nomenclature.53 Traditional 
S. flexneri serotyping was developed based on the 
slide agglutination method using polyclonal and 
monovalent antisera.53 Due to the cross-reaction 
of polyclonal antisera, monoclonal antibodies are 
needed to differentiate Shigella serotypes; however, 
there are some drawbacks since some strains do 
not express O-antigen and are indistinguishable 
from serological tests.53 Moreover, serological 
identification is time-consuming and requires a 
variety of antisera that are unavailable in most 
laboratories. Newer molecular serotyping methods, 

Table 1: Multiplex polymerase chain reaction patterns of different serotypes of Shigella flexneri.

Serotype wzx 1 
– 5

gtrI gtrIc gtrII gtrIV gtrV gtrX Oac opt Wzx6

1a + + - - - - - - - -
1b + + - - - - - + - -
7a(1c) + + + - - - - - - -
1d + + - - - - + - - -
2a + - - + - - - - - -
2b + - - + - - + - - -
3a + - - - - - + + - -
3b + - - - - - - + - -
4a + - - - + - - - - -
4b + - - - + - - + - -
4av(4c) + - - - + - - - + -
4S(z) + - - - - - - - +
5a + - - - - + - ± - -
5b + - - - - + + ± - -
6 - - - - - - - - - +
X + - - - - - + - - -
Xv + - - - - - + - + -
Y + - - - - - - - - -
Yv + - - - - - - - + -

+: having the gene; -: not having the gene.
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such as polymerase chain reaction (PCR)-restriction 
fragment length polymorphism, multiplex PCR, and 
microarray are capable of providing reliable results 
more quickly.4,54–58 The extensively used multiplex 
PCR method is based on the genes responsible for 
both O-antigen synthesis and modification. The 
O-antigen flippase gene (wzx) exists in all serotypes 
except serotype 6, so it can also function as a control 
for PCR. For serotype 6, it is better to use singleplex 
PCR for the wzx gene. Other genes that could be 
used in molecular serotyping include those relevant 
to glucosylation (gtr genes), acetylation (oac gene), 
and phosphorylation (opt gene). The association 
of these genes with distinct serotypes of Shigella is 
shown in Table 1.18,53,56,58,59 Although in some of the 
bacteria there are drawbacks for molecular serotyping 
methods compared with slide agglutination tests as 
the gold standard method, which are mainly caused 
based on the expression of inactive forms of the 
noted genes, there is a reasonable similarity between 
the slide agglutination method and multiplex PCR 
results among S. flexneri serotypes.18,59 This similarity 
has encouraged researchers to use this method for 
the serotyping of S. flexneri in laboratories.56,58

Molecular methods also have drawbacks, since 
no multiplex PCR assay has been designed that can 
distinguish all the existing serotypes. For instance, 
none of the 4d, 4e, 6b, and 7b serotypes can be 
differentiated from other serotypes by the multiplex 
PCR method. This is also true with different subtypes 
(serotypes X and Y).18 

Whole genome sequencing (WGS) analysis 
is a vigorous tool for serotyping purposes and 
also provides information about the phylogenic 
relationship between different S. flexneri serotypes. 
This method is helpful for surveying novel 
serotypes.59 WGS is at present too expensive for 
routine use in clinical laboratories. In addition, 
interpreting WGS results is quite difficult, though 
this has been partially solved by the new ‘ShigaTyper’ 
tool v2.0.2-0 (https://github.com/CFSAN-
Biostatistics/shigatyper), which uses low-computing 
power to automate the workflow to accurately and 
rapidly determine Shigella serotypes using Illumina 
paired-end WGS reads.57 

Clinical aspects of S. flexneri serotyping
In view of the low infectious dose and increasing 
levels of antibiotic resistance among Shigella species, 
prevention through vaccine development is a topic 

of ongoing research. Some serotypes share common 
group- and type-specific antigens which can provide 
cross-protection. Therefore, it is important to broaden 
our knowledge of serotype structures to better 
understand their common features to develop more 
efficient vaccines. Moreover, continuous surveillance 
can give more reliable data about circulating types 
which can help to better management of patients by 
designing more targeted vaccines.57

C O N C LU S I O N
Serotype diversity of S. flexneri evolves as a result of 
horizontal transfer of transposable elements which 
are responsible for serotype conversion among 
S. flexneri strains. As serotype conversion plays 
a key role in both the evolution and survival of S. 
flexneri infections, structural and epidemiological 
studies need to keep up with new evolving serotypes 
associated with human diseases. Detection of 
these serotypes by molecular methods could be 
an alternative technique for seroepidemiology 
and surveillance studies. Characterization of new 
serotypes could help us understand the mechanisms 
that these pathogens exploit to bypass the host 
immune system, as well as develop more efficient and 
population-specific vaccines.
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