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The problem of meningococcal infection remains relevant due to the high epidemiological and social significance
throughout the world, the unpredictability of the course, a wide range of clinical manifestations (from asymptom-
atic carriage to extremely severe generalized forms) with a high risk of life-threatening conditions and deaths, and
a significant incidence of disability after past illness (loss of limbs, deafness, mental inferiority, and more). The
changing serogroup landscape of meningococcal infection with an increase in the incidence of diseases caused by
Neisseria meningitidis serogroup W, Y and others is noteworthy. The article presents an analytical review of literature
and reflects current clinical, epidemiological, diagnostic and preventive trends in the Russian Federation and abroad.
The review focuses on the epidemiological features of meningococcal infection, depending on the serogroup affili-
ation of meningococcus, the variety of clinical manifestations of the generalized form of meningococcal infection,
including atypical manifestations, age-related features, depending on the serogroup of the pathogen. New diagnostic
approaches and the possibilities of specific prophylaxis are highlighted. Attention is focused on the importance of
monitoring the clinical and epidemiological characteristics of meningococcal infection depending on the genetic
characteristics of the pathogen, and the need for further in-depth studies of this problem.
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l[MpobneMa MEHWHIOKOKKOBOM MHGMEKLMM COXpaHSEeT CBOK aKTYyanbHOCTb B CBSA3M C BbICOKOM 3MMAEMMONOrMYECKOM
M COUMANbHOM 3HAYMMOCTbIO BO BCEM MWpE, HEMPeACKa3yeMOCTb TeYeHUs, WHUPOKMUM AMaNa3oHOM KIMHUYECKMUX
nposiBneHnin (ot 6eCCMMNTOMHOrO HOCUTENbCTBA A0 KPaWHe TAXEeNblX reHepann3oBaHHbIX GOPM) C BbICOKMM PUCKOM
BO3HWKHOBEHMUS XMU3HEYrPOXALWMX COCTOAHUIN U NeTaNbHbIX UCXOA0B, U 3HAYUTENbHOM 4YaCTOTOM WMHBANUAM3ALUMK
nocne nepeHeceHHoro 3aboneBaHus (NoTeps KOHEYHOCTEWN, rNyxoTa, YMCTBEHHAs HEMoaHOUeHHOCTb U Apyroe). O6pa-
waeT Ha cebs BHUMaHME MEHSIOLWMINCA CeporpynnoBoi nems3axk MEHUMHIOKOKKOBOM MHPEKLUM C YBENTUYEHMEM C/lyYaEeB
3aboneBaHwuii, BbizBaHHbIX Neisseria meningitidis ceporpynnbl W, Y u ap. B cTaTbe npenctaBneH aHanutuyeckuii o63op
NMTepaTypPHbIX UCTOYHWMKOB, M OTPa>KeHbl COBPEMEHHbIE KIMHUKO-3MUAEMUONOTMYECKHNE, ANATHOCTUYECKME U NpodUnaK-
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Tuyeckue TeHaeHumun B Poccuiickoi Mepepaumnm 1 3a pybexom. B 063ope penaetcs akuUeHT Ha 3NMAEMUONOTUYECKMUX
0COBEHHOCTAX MEHWHTOKOKKOBOM WMHGEKUMM B 3aBUCMMOCTM OT CEpPOrpynnoBOM MPUHALNEXHOCTM MEHMHTOKOKKA,
pa3sHoO06pasnm KAMHUYECKUX MPOSABNEHUA FreHepanu3oBaHHOMW (OPMbl MEHWHTOKOKKOBOM MHGEKLMKU, B TOM 4YuCie U
ATUNUYHBIX NPOSABNEHWUI, BO3PACTHbIX 0COBEHHOCTEN B 3aBUCMMOCTU OT ceporpynnbl Bo3byautens. OcBelaoTcs HOBble
AMArHoCcTMYyeckMe Mnoaxonbl, BO3MOXHOCTU crneunudunyeckon npodunakTuku. AKLEHTUPYETC BHUMAHME Ha BaXKHOCTM
MOHWUTOPUHIA KJMHUKO-3MULAEMUONOTMYECKNX OCOBEHHOCTEN MEHMHTOKOKKOBOM MHMEKLMM B 3aBUCMMOCTU OT reHe-
TUYECKUX XapaKTepucTuk Bo3byauTens, n HeobXoAMMOCTM AanbHeWWwero npoBefeHUs YrnybneHHbIX MCCnefoBaHui

LLaHHOWM npobnemsl.

KntoueBble cnoBa: MEHUMHIOKOKKOBASs l/IHCbEKLI,VIﬂ; neTn; AUarHoCTuka, I'IpOCbMJ'IaKTMKa.

BACKGROUND

Meningococcal infection has not lost its
epidemiological and social significance worldwide. It
is characterized by a variety of clinical appearances,
from asymptomatic carrier state to generalized forms
with a high risk of life-threatening conditions and
fatal outcomes (8%—15%), reaching 40%—-80% at
septic shock and a significant frequency (10%—-20%)
of disability after the disease (deafness, mental
disability, loss of limbs, etc.) [8, 9, 11-13].

Twelve serogroups of Neisseria meningitidis were
identified based on the antigenic properties of the
capsule polysaccharide, each of which has different
epidemiological features, including prevalence,
virulence, immunogenicity, and geographical and
temporal distribution. However, six of them can
cause the disease of a person (A, B, C, W, Y,
and X) [1, 11, 14, 36, 38, 45, 48]. According to
R. Tsang et al. [50], these invasive strains belong to
several genetic lines known as hypervirulent clones
belonging to the following sequence types: ST 32,
ST 41/44, ST 11, ST 8, ST 5, and ST 269. According
to numerous authors [1, 11, 14, 36, 38, 45, 48, 50],
all six serogroups of N. meningitidis (A, B, C, W, Y,
and X) can cause invasive forms of the disease. This
review provides information about current clinical
and epidemiological features and diagnostic and
preventive aspects of the meningococcal infection.

CLINICAL AND EPIDEMIOLOGICAL
CHARACTERISTICS OF MENINGOCOCCAL
INFECTION

The study of epidemiological and geographical
features of the spread of various serogroups
of meningococcus is continuing. According to
M.V. Abramtseva et al. [1], a serogroup A is
characterized by epidemic outbreaks, and serogroups
B, C, and Y are characterized by sporadic cases [1].
According to A. Purmohamad [44], in developing

countries, including the Western Pacific, Eastern
Mediterranean, and African countries, there is an
increase in serogroup B; in European and American
countries, there is a decrease in serogroup C and
even its eradication; there is a tendency to increase
serogroup W in some parts of Europe, it is the third
most common (after serogroups B and C) [44]. In the
Russian Federation, the serogroup characteristics of
strains are dominated by N. meningitidis serogroups
B (27.4%), C (14.1%), and A (10.5%). The number
of cases caused by meningococcus serogroup W
(8.4%), Y (1.1%), and other serogroups (W/Y, X)
continues to increase in 1.7% of cases, but in
36.8% of cases, the serogroup characteristic is not
determined' [21]. According to A. Purmohamad
[44], the prevalence of serogroup B meningococcus
in the world reaches 48.5%. According to S. Sridhar,
there was also an increase in the frequency of
generalized forms of meningococcal infection caused
by N. meningitidis serogroup B (NmB), despite
the constantly changing structure of circulating
meningococcal serogroups [46]. However, according
to V.N. Racloz [45], M.W. Bijlsma [18], and
S. Sridhar [46], it is assumed that the absence of
vaccination against meningococcus B in the national
calendar of many countries, as well as the use of
vaccines that have a protective activity against
meningococcus serogroups A, C, W, and Y, may
increase the frequency of meningococcus serogroup
B. Currently, it is proved that specific vaccination
has an effect on the frequency of a spread of various
serogroups of meningococci. Thus, according to a
number of authors, the use of conjugated serogroup
C vaccine resulted in a decrease in the frequency of
morbidity caused by a serogroup C [44]. According

I About the state of sanitary and epidemiological welfare of the
population in the Russian Federation in 2018: State report. Moscow:
Federal service for supervision of consumer protection and human
welfare. 2019. 254 p.
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to R. Tsang [50], the increase in morbidity caused
by serogroup W meningococcus is associated with a
clonal shift of the strain from ST 22 CC to ST 11
CC. ST 11 CC meningococcus serogroup W clone
is a hypervirulent clonal complex and is known in
several countries of the world[50].

It should be noted that the gray group view has
age-specific features. According to A. Purmohamad
[44], meningococci of serogroups C and B have the
highest frequency in the age group of 1-4 years
and under 1 year, respectively [44]. A serogroup
W is most common for middle-aged and older
people as reported by R. Tsang [50]. Children of
5 years old are mostly identified with serogroup B
strains and those aged 10-24 years with serogroup
C strains in the Russian Federation. The proportion
of meningococcal serogroup W strains is higher
for adolescents and adults than for children of
10 years old*?. It has been reported in the last year
that a group C meningococcus causes the disease
for men who have sex with men. According to
K. Kupferschmidt [35] and J. Lucidarme [36], the
first case was discovered in Toronto in 2001, and
cases in North America and Europe have also been
described. However, the pathogenesis is currently
unclear. There are several hypotheses: the first is that
men who have sex with men have higher rates of
HIV infection than the general population, and this
is probably a risk factor. This hypothesis is refused
by the fact that many of the men who became
ill were HIV negative. In this regard, the second
hypothesis is related to the fact that N. meningitidis
has found a new method of transmission: sometimes
the pathogen is detected in the rectum and urethra,
and mucosal irritation occurs during oral or anal
sex, which can be a risk factor [35, 36]. However,
this aspect has not been studied in detail in relation
to the reason for the diversity of the gray group
view of the age aspect.

2 About the state of sanitary and epidemiological welfare of the
population in the Russian Federation in 2018: State report. Moscow:
Federal service for supervision of consumer protection and human
welfare. 2019. - 254 p.

3 Letter of the Federal Service for Surveillance on Consumer
Rights Protection and Human Wellbeing dated June 13, 2018
Ne. 01/7608-2018-32 “About the results of monitoring the incidence
of a meningococcal infection and bacterial meningitis in the Russian
Federation.”

It is known that meningococcal infection
has various clinical forms. N. meningitidis is
an obligatory human commensal that colonizes
the nasopharynx, which is a prerequisite for the
transmission and development of a generalized form
of a meningococcal infection [39]. Asymptomatic
meningococcal carrier state is recognized as an
age-dependent phenomenon, the prevalence of
which increases in childhood from 4.5% of infants
to a peak of 23.7% of 19-year-olds, and then
decreases in middle years to 7.8% for 50-year-
olds [22, 39]. The capsule is the determining factor
of meningococcal virulence, and nonencapsulated
meningococci usually do not cause invasive disease
[1, 25, 38]. The reasons for determining the absence
of a meningococcal capsule are deletion of the gene
encoding the capsule and suppression of capsule
expression temporarily or permanently by genetic
mechanisms [1, 21]. However, the absence of a
capsule in meningococcus is because of a change
in the phase of genetic capsule synthesis, consisting
of five areas: an area A, containing genes necessary
for polysaccharide synthesis; an area B, containing
genes responsible for lipid modification; an area C,
containing Ctr genes necessary for polysaccharide
transport; an area D involved in lipopolysaccharide
synthesis; an area E (the function of the tex gene
homologue present in the area E is currently
unknown) [23]. It is important that encapsulated
meningococci are genetically diverse because of
inter- and intraspecific horizontal genetic exchange.

Absence of areas A and C is the reason for
a high proportion (16% =+ 4%) of encapsulated
meningococci [23]. The loss of the capsule increases
the ability of meningococcus to colonize the human
nasopharynx and avoid the mechanisms of the
human defense system [1, 21, 52]. However, cases
of generalized meningococcal infection caused
by nonencapsulated meningococci have been
described in many studies [26, 30, 51, 52]. The
first observation is described by U. Vogel et al. [51]
for a 42-year-old immunocompromised adult with
severe immunosuppression and a chronic “graft-
versus-host” reaction after allogeneic peripheral
blood stem cell transplantation. It was known from
the medical history of the disease that in January
2001, the patient was diagnosed with an advanced
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acute lymphocytic leukemia, and peripheral blood
stem cell transplantation from an human leukocyte
antigen (HLA)-identical sibling was made (in April
2001) after a myeloablative conditioning regime. The
second HLA-identical transplantation of peripheral
blood stem cells of a sibling without depletion of
T cells was made in February 2003 because of a
relapse. The clinical course was complicated by a
chronic “graft-versus-host” reaction. The patient
was readmitted to the hospital in September
2003 because of chronic progressive diarrhea.
Immunosuppression was enhanced. No infectious
cause of enteritis could be identified. Clinical signs
of sepsis with febrile fever (39°C) and chills were
developed during the hospitalization, and there were
no pathological elements of the rash. The number
of white blood cells was 6.7 x 10°/L, the level of
C-reactive protein (34.8 mg/L) and interleukin 8
(3279 U/L) were increased. Laboratory tests revealed
a nonencapsulated strain of meningococcus. Clinical
symptoms of sepsis were disappeared a few h after
the start of antibacterial therapy (3 g of piperacillin/
combactam iv three times a day) [51].

The second case with an unfavorable outcome
of the disease for a 13-year-old immunocompetent
girl is described by L. M. Hoang et al. [30]. The
child was admitted to the hospital at 2 am with
a common rash, impaired consciousness, and a
slight rigidity of the occipital muscles. Medical
history of the patient revealed that at the beginning
of the previous day, the girl returned home from
school with symptoms of a respiratory infection,
back pain, and nausea, and she had fever at night.
The epidemiological studies and life history were
not burdened, the immune status was normal.
Laboratory tests revealed a nonencapsulated strain
of meningococcus. Despite ongoing therapy,
including antibacterial (ceftriaxone), she was
declared dead from a cardiorespiratory insufficiency
5 h after hospitalization. No signs of immunological
disease or structural abnormalities were detected
on autopsy, and the reticuloendothelial system
was fully developed [30]. H. Findlow et al. [26]
reported three cases of generalized meningococcal
infection caused by nonencapsulated meningococci.
Two cases occurred in March and April 2003 with
children aged 12 and 13 while the third case had

occurred in April 2004 with an 11-year-old girl.
Data on vaccination against meningococcal infection
for three patients were not provided, but a mass
vaccination campaign was conducted in 2002 using
a polysaccharide vaccine with a high coverage of
the population in this group, so it is likely that
patients received the vaccine 1-2 years before the
onset of the disease. All three patients had fever,
headache, hemorrhagic elements of a rash, and
no signs of impaired consciousness. An objective
examination revealed the rigidity of the occipital
muscles. All the patients lived in different regions
without having a contact with each other. All had a
diagnostic lumbar puncture: neutrophilic pleocytosis
was detected. Patients responded well to treatment
with chloramphenicol and were discharged without
visible consequences after 1-2 weeks [26]. Another
case is described by Z. Xu et al. [52] for an
immunocompetent child (a 7-year-old girl) in China.
A febrile fever (39°C), vomiting, and rigidity of the
occipital muscles attracted attention at admission, but
there were no hemorrhagic elements of a rash and
loss of consciousness. The epidemiological studies
and life history were not burdened, the immune
status was normal. The parents refused to perform
diagnostic cerebrospinal puncture. A laboratory study
revealed a nonencapsulated strain. The girl recovered
after an undergoing antibacterial therapy [52].

Consequently, it is considered that the disease
caused by an unencapsulated strain is more likely
to occur with the most favorable clinical course
and a rapid response to antibacterial therapy [51].
It should be noted that the development of a
generalized form of meningococcal infection caused
by nonencapsulated meningococci is more typical
for immunocompromised people [51]. Nevertheless,
cases of the disease have been described for people
with normal immune status, but the mechanism of
development has not been established and requires
study [26, 30, 52]. There is an evidence of a
variety of clinical appearances of a generalized
meningococcal infection: there may be various
atypical appearances that differ depending on
the serogroup of the pathogen in addition to the
classic appearances (meningococcemia, meningitis,
and meningoencephalitis),. For example, primary
pneumonia is most often associated with serogroup
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Y meningococcus [17, 48]. D.S. Stephens [47] states
that primary pneumonia caused by serogroup Y is
usually found for adults, especially for people over
50 years of age, and is often associated with an
unfavorable prognosis for life (mortality reaches
16%). D.S. Stephens in his work indicates that
adolescents and young adults with a meningococcal
infection caused by serogroups W and C are
most likely to develop septic arthritis, usually
monoarticular, affecting mainly the knee and hip
joints. Arthritic appearances of patients with a
meningococcal infection have a diverse pathogenesis
[28]. There are three different mechanisms for their
development: (1) primary meningococcal arthritis
which is an acute form of acute septic arthritis that
almost completely affects large joints; (2) arthritis
that complicates acute meningococcal disease
(secondary septic arthritis); (3) arthritis that is a
hypersensitivity reaction (tertiary arthritis). Primary
meningococcal ankle arthritis is an infrequent but
expected life-threatening orthopedic emergency. If
proper treatment is not carried out, the joint may
collapse, which will lead to long-term consequences,
including disability [28].

Many authors [4, 10, 14, 17, 34, 41] indicate that
a meningococcus serogroup W is characterized by a
severe course, high mortality (30%—-57%), atypical
appearances in the form of enteritis, peritonitis,
pneumonia, endocarditis, fasciitis, and epiglottis.
M. V. Ivanova et al. [4] in their study similarly
emphasize the severe and complicated course of a
meningococcal infection caused by a serogroup W,
only for older children. Other authors [11] draw
attention to the subacute onset of the disease: the
appearance of scant hemorrhagic rash preferentially
localized to the distal extremities on day 4-6.
Unusual appearances of a meningococcal disease
caused by a serogroup W associated with severe
gastrointestinal symptoms, including abdominal
pain and diarrhea, followed by the rapid clinical
deterioration and death within 24 h after the
beginning of the first symptoms were described
by J. Bethea [17] and H. Campbell [20]. M. Aung
[14] and J. Bethea [17] reported an extremely rare
appearance of the meningococcal infection in the form
of meningococcal-W-associated myopericarditis.
The suspected pathogenesis of myocarditis, is

associated either with the early development of
pericarditis due to septic bacteremia or with a delay
in the immunological response [14, 49]. Interleukin
6 causes significant myocardial depression in
vitro [43]. The removal of interleukin 6 from
serum samples of patients with meningococcemia
eliminates the negative inotropic activity.

However, data concerning the study of
clinical features depending on the serogroup of
meningococcus of children and adolescents are
not numerous. All of the above indicates the
feasibility of further studying the features of clinical
appearances of diseases caused by meningococci of
various serogroups.

DIAGNOSTIC ASPECTS OF A MENINGOCOCCAL
INFECTION

The genome of N. meningitidis consists of
approximately 2.3 million base pairs and contains
approximately 2160 genes. Many genes do not
have a known function, but there are unique sites
specific to the genus, species, or subspecies of
the microorganism. According to S. E. Glazkov et
al. [3], among a large number of genes important
for the life support of a microorganism, there are
“household” genes (housekeeping genes). These
genes are responsible for intracellular metabolism
(i.e., they provide the processes of glycolysis,
biosynthesis of amino acids and nucleotides,
protein catabolism, and much more). Changes in
the structure of housekeeping genes caused by
point mutations and recombination processes lead to
important changes in small segments of the genome
and the appearance of more highly invasive and
virulent clonal variants of the pathogen, which
may be associated with diagnostic difficulties [3].
An obligatory stage of laboratory diagnostics is a
bacteriological study, the purpose of which is to
obtain a culture of the pathogen of a meningococcal
infection, its identification to the type, determination
of the serogroup by detecting a group-specific
antigen (capsule polysaccharide), and a sensitivity to
bacterial drugs [11, 42]. According to many authors,
the advantage of the bacteriological method is its
high specificity (there are no cross-false reactions),
the ability to determine the sensitivity to antibacterial
drugs. However, the main disadvantages of this
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method include the duration of obtaining the result,
high requirements for taking the material. An early
antibiotic therapy (started before the material was
collected) makes it difficult to isolate the pathogen,
and therefore the proportion of identified cases of
the disease decreases [11, 22, 30, 42]. R.E. Nemescu
et al. [42] conducted a study to assess the effect
of the antibacterial therapy prescribed before the
admission to the hospital as per the results of
bacteriological research (blood, cerebrospinal fluid,
and nasopharyngeal smear) and the reaction of
latex agglutination (cerebrospinal fluid). Among
323 cases of generalized meningococcal infection,
80% (257 cases) were meningeal and 20% (66 cases)
were meningococcal. From 323 patients with
generalized meningococcal infection, 320 samples
of cerebrospinal fluid, 248 blood cultures, and 288
nasopharyngeal smears were analyzed. The reaction
of a latex agglutination (cerebrospinal fluid) was
made in 122 cases. It was found during the course of
the study that the implementation of an antibacterial
therapy at the prehospital stage contributed to a
decrease in the frequency of verification of the
etiological diagnosis to 71.9%. The frequency of
obtaining a positive result in the bacteriological study
of the cerebrospinal fluid decreased from 55.9%
to 27.2%, in the reaction of latex agglutination
(cerebrospinal fluid) from 84.6% to 58.8%, in the
bacteriological study of blood from 14.7% to 3.5%;
the use of antibacterial therapy at the prehospital
stage had no statistically significant effect in the
study of nasopharyngeal smears (18.9% vs. 15%).
The percentage of cases where N. meningitidis was
identified by two methods decreased from 38.5% to
19.2%, and by three methods from 16.9% to 5.6%.
In this study, the authors emphasize that the use
of an antibacterial therapy at the prehospital stage
decreases the frequency of etiological interpretation
of the diagnosis [42]. An effective diagnostic
method, the result of which does not depend on
the use of the antibacterial therapy before the
patient’s examination, is a molecular genetic study
that is aimed at identifying specific fragments of
meningococcal DNA in the clinical material [6, 11].
In most studies [2, 5, 17], a number of advantages
of this method were found: the maximum diagnostic
power because of the possibility of detecting

several copies of the bacterial genome in a sample,
speed of a research (within a few h), the method
is highly sensitive and allows using samples for
diagnostics that do not contain live pathogens,
but only fragments of their genetic material [19].
G. Maujean et al. [37] described a case where it
was necessary to establish an etiological diagnosis
postmortem in the decomposed body of a 27-year-
old man. The police investigation indicated that the
man was seen alive 10 d ago, when he was bothered
by a severe headache, vomiting, and fatigue, but
he refused to be hospitalized and preferred to stay
at home to rest. The main pathoanatomic findings
were hemorrhagic elements of a rash on the skin
of the trunk, extremities, and on the epicardium.
There were no macroscopic or histological signs
of meningitis because of postmortem autolysis.
The toxicology results were negative. Blood, urine,
cerebrospinal fluid, and feces were subjected to
bacteriological examination. Citrobacter freundii was
isolated from blood culture, and the material was
sterile during the examination of urine and feces.
The study of cerebrospinal fluid revealed presence
of bacteria of Citrobacter koseri and Escherichia
coli. However, the presence of these bacteria could
not indicate a reliable result given that the body
was in the stage of putrefaction. The search was
expanded toward N. meningitidis taking into account
the hemorrhagic elements of the rash. In the study
of the cerebrospinal fluid by the polymerase chain
reaction was identified in N. meningitidis serogroup
[37]. This example illustrates the effectiveness of a
molecular genetic research.

The main advantage of the bacteriological
research method is the determination of a sensitivity
to antibacterial drugs. Antimicrobial resistance in
N. meningitidis strains is reported to be rare [29].
A.E. Deghmane et al. [24] reported a decrease in
the sensitivity to third-generation cephalosporins.
B.H. Harcourt [29] and S. Bertrand [16] in their
study describe meningococci with a reduced
penicillin susceptibility. It should be noted that the
resistance to antibacterial drugs occurs in individual
strains, but in general, resistance to antimicrobial
drugs in N. meningitidis strains is rare.

The study of epidemiological and geographical
features of the pathogen distribution has been
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actively expanded in recent years. The study of
invasive strains belonging to various genetic lines,
known as hypervirulent clones, becomes relevant.
The method of multilocus sequence typing is used
in order to clarify the clonal complexes among
bacterial populations. Individual information about
each strain, including ST, is stored in a standardized
form in the public PubMLST database. The database
should be updated as information accumulates.
According to J. Lucidarme [36] and M.A. Korolevoy
[5], combining typing results allows monitoring
the genetic characteristics of strains isolated by
independent researchers, tracking trends in the
emergence and circulation of hypervirulent clones,
and analyzing evolutionary changes in the population
of N. meningitidis.

Methods have been introduced to identify
bacterial isolates by time-of-flight mass spectrometry
with a matrix-activated laser desorption/ionization
(MALDI-TOF) in the past years, followed by an
automatic identification of isolated cultures of
microorganisms based on comparison of the collected
initial spectra with a reference spectra of the database.
MALDI-TOF has been adopted as a reliable tool
for identifying the majority of bacteria cultured
in a routine clinical microbiological practice [31].
However, less data are available to identify Neisseria
using the MALDI-TOF method, the reliability of
which is still a matter of a debate. According to
M. Kawahara-Matsumizu [32] and F. Morel [40],
there may be erroneous definitions of Neisseria
gonorrhoeae or N. meningitidis and other Neisseria
species [32, 40]. In other words, a comprehensive
use of all possible diagnostic methods will allow
you to give the correct etiological interpretation of
the diagnosis, and provide an opportunity for more
complete epidemiological tracking of the prevalence
of various pathogen variants in different territories.

Preventive aspects of a meningococcal
infection. Vaccination is the most effective way
to prevent a meningococcal infection. Vaccines
that protect against meningococcus serogroups A,
C, W, and Y have been available in the United
States for several decades while vaccines designed
to protect against meningococcus serogroup B
were first licensed in the United States in 2014
[27]. Vaccination against meningococcal infection

was included only in the national vaccination
calendar for epidemic indications in the Russian
Federation*. However, attention was drawn to the
low awareness of the population about vaccination
against a meningococcal infection. N.E. Basta et
al. [15] conducted a survey of adolescent parents
regarding awareness of a meningococcal infection
and the readiness to vaccinate their children. In
this survey 1,997,320 people were participated; the
survey was held for 12 d. The survey consisted of
27-31 questions regarding demographic indicators,
parents’ awareness of vaccines against meningococcal
infection, and the readiness to vaccinate their
child. Participants were provided with educational
materials about a meningococcal infection
throughout the survey, including general symptoms,
severity and risk, data on meningococcal vaccines,
and vaccination schedules. Of the 445 parents who
answered the questions fully, the average age was
47.6 years, the majority were women (71.7%),
and had a bachelor’s degree or higher 64.9%.
The average age of their children was 16 years.
Approximately 89.2% of parents reported that their
child had received at least one vaccine previously
(against any serogroup of meningococcus at any
age); 75.5% of parents were aware of the existence
of vaccination against a meningococcal infection, but
approximately two-thirds of all respondents did not
know about the vaccines MenACWY, Menactra, and
Menveo (quadrivalent vaccines against serogroups
A, C, W, and Y). Even more people did not hear
about the vaccine against meningococcus serogroup
B (Becerra, Trumenba). Only 7% of participants
knew that vaccines protect against a serogroup B
meningococcus. Four out of five parents surveyed
reported that they would like their doctor to provide
more information about serogroups B, A, C, W,
and Y meningococcus vaccines [17]. According to
A. Kempe et al. [33], doctors do not have enough
knowledge about vaccination against serogroup B
meningococcus, and therefore, they often do not
discuss about vaccines with their patients.v The
situation is even more depressing in our country.
According to E. A. Krieger [7], 83.8% of parents

4 Report of the Ministry of health of the RF dated March 21, 2014
No. 125n «About an approval of a national preventive vaccination
calendar and a vaccination calendar of epidemic indications (as
amended on 24 April 2019)».
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vaccinate their children in accordance with the
national calendar of preventive vaccinations of the
Russian Federation (a survey of 733 parents), only
in 5.7% of cases, parents vaccinate their children
with additional vaccinations, and vaccination against
a meningococcal infection accounts for 2.2% [7].
According to the order of the Ministry of Health of
the Russian Federation dated March 21, 2014 No.
125n, “About the approval of the national calendar of
preventive vaccinations for epidemic indications (as
amended on April 24, 2019),” the vaccination against
meningococcal infection is carried out only for people
at a risk of infection and meningococcal infection.
According to the sanitary rules (SP) 3.1.3542-18,
“Prevention of meningococcal infection” dated
20.12.2018, first of all, includes people who have
communicated with patients with a generalized form
of a meningococcal infection (GFMI), who do not
have inflammatory changes in the nasopharynx. In
this case, the contact person is given emergency
chemoprophylaxis with one of the antibacterial
drugs (rifampicin, ciprofloxacin, or ampicillin),
taking into account contraindications, and specific
prevention is made depending on the serogroup of
meningococcus isolated from the cerebrospinal fluid
and (or) blood of the patient with GFMI. If it is
impossible to determine the serogroup affiliation
of meningococcus, emergency immunoprophylaxis
with multicomponent vaccines is made. Those
who are subject to a military conscription should
be vaccinated as planned during the interepidemic
period; traveling to areas that are endemic for a
meningococcal infection (e.g., tourists, athletes,
pilgrims, military personnel, athletes, geologists,
and biologists); medical workers of structural
divisions that provide specialized medical care in the
“infectious diseases” profile, medical workers and
laboratory staff working with live meningococcal
culture; pupils and staff of institutions of inpatient
social services with a day-and-night stay (children’s
homes, orphanages, and boarding schools); residents
of dormitories; taking part in mass international
sports and cultural events; children less than 5 years
of age inclusive; adolescents aged 13-17 years;
persons over 60 years old; persons with primary and
secondary immunodeficiency conditions, including
those infected with HIV; those who have undergone

cochlear implantation; persons with liquorrhea.
Insufficient awareness of parents and doctors is
a serious obstacle to vaccination, and therefore
increases the risk of meningococcal infection, which
until now remains an unpredictable disease.

CONCLUSION

Meningococcal infection remains extremely
relevant because of the variety of serogroups of
meningococci that cause generalized forms of a
meningococcal infection, the difference in the na-
ture of the disease course and outcomes, the emer-
gence of new diagnostic approaches, epidemio-
logical and clinical features, and the possibilities
of a specific prevention. Continuous monitoring
of the clinical and epidemiological characteris-
tics of the pathogen depending on the serogroup
of meningococcus, especially in the age aspect,
is required in this regard. The need for in-depth
research to study the clinical and epidemiological
features of the pathogen depending on the genetic
characteristics of the strains is worth noting as
their understanding could contribute to improving
the tactics of a treatment of patients, the possibili-
ties of a specific prevention.
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