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This study performed an epidemiological survey of Neisseria meningitidis
strains isolated from patients and from asymptomatic carriers. Altogether, 74
N. meningitidis strains (46 invasive and 28 non-invasive) were isolated between
February 2011 and May 2018 in different regions of the Republic of Belarus.
Serogenotyping was carried out by real-time PCR.Minimum inhibitory concentrations
(MICs) of antibiotics were determined by broth microdilution and results were
interpreted in accordance with EUCAST. The serogroups of N. meningitidis were
determined as follows: serogroup B – 65%, C – 11%, W – 9%, A – 5%, Y – 4%, and
Z and NG – 3% each. The MIC50 and MIC90 for benzylpenicillin (0.032/0.064–
0.125 mg/L), ampicillin (0.032/0.125 mg/L), amoxicillin (0.125/0.25 mg/L), cefotax-
ime (0.016/0.016 mg/L), ceftriaxone (0.002/0.016 mg/L), ciprofloxacin (0.004/
0.008 mg/L), chloramphenicol (1/1 mg/L), meropenem (0.008/0.008–0.016 mg/L),
tetracycline (0.25/0.5 mg/L), and rifampicin (0.016/0.25 mg/L) were established. Strains
with intermediate susceptibility for benzylpenicillin (12.3%), ampicillin (6.8%), and
amoxicillin (24.7%) have been identified. In this study, we report the first rifampicin-
resistant N. meningitidis in Belarus.
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Introduction

Meningococcal infection is still an urgent problem of the practical public
health in the Republic of Belarus [1]. According to the Republican Center for
Hygiene, Epidemiology and Public Health data, the notification rate of meningo-
coccal infection in 2016 was 0.591 per 100 thousand populations, in 2017, it was
0.665 per 100 thousand populations, and for the period from January 1 to July 31,
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2018, it was 0.443 per 100 thousand populations. The mortality rate of patients
with generalized forms of meningococcal infection remains quite high as in 2016
and 2017; altogether, eight cases were registered that indicates 15% mortality rate.

Due to the low incidence of meningococcal disease in the Republic of
Belarus, vaccination against it is not provided in the National Vaccination
Calendar. However, because of increase of migration and traveling to countries
with a high incidence of meningococcal infections, the meningococcal group B
vaccine (recombinant and adsorbed) “Trumenba” (Pfizer HCP Corporation,
USA/Pfizer Ireland Pharmaceuticals, Ireland) was registered in the Republic of
Belarus in 2018. Vaccine delivery to health care facilities is scheduled for 2019
and will be available for fee.

On the basis of Laboratory of Clinical and Experimental Microbiology
(reference laboratory) at the Republican Research and Practical Center for
Epidemiology and Microbiology (Minsk, Belarus), the microbiological invasive
bacterial diseases (IBD) surveillance (caused by Streptococcus pneumoniae,
Neisseria meningitidis, and Haemophilus influenzae) (Ministry of Health order
no. 1102 from September 20, 2012) [2, 3] and meningococcal infection surveil-
lance (Figure 1) are held.

Rational antibiotic therapy and chemoprophylaxis allow to prevent complica-
tions in patients with meningococcal infection, as well as to reduce the transmission
of N. meningitidis among carriers. N. meningitidis is sensitive to most antibiotics,
but in recent years, the frequency of isolates with intermediate sensitive and

Figure 1. Meningococcal infection surveillance in the Republic of Belarus
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resistance has increased in European countries [4–7], America [7–10], Australia
[7, 11], and Asia [12]. Strains with reduced susceptibility to penicillins and
chloramphenicol that circulated in Belarus were previously described [13].

The aim of this study was to determine the phenotypic susceptibility to
antibiotics of N. meningitidis strains isolated in Belarussian hospitals and trans-
ferred to Republican reference laboratory for the diagnosis of IBD (Laboratory of
Clinical and Experimental Microbiology of Republican Research Center for
Epidemiology and Microbiology) in 2011–2018.

Antibiotics for this study were selected according to clinical protocols for the
diagnosis and treatment of infectious diseases in adults and children (Ministry of
Health order no. 484 from June 13, 2006, Appendix 5 [14] and order no. 961 from
August 24, 2012 [15], respectively). Antibiotics, which are prescribed for menin-
gococcal infections treatment, are benzylpenicillin, chloramphenicol, ceftriaxone,
and meropenem; for N. meningitidis elimination in carriers, antibiotics such as
rifampicin and ciprofloxacin are used; antibiotics widely used for threatening
different infection forms are ampicillin, amoxicillin, cefotaxime, and tetracycline.

Materials and Methods

Altogether, 74 N. meningitidis strains (46 invasive and 28 non-invasive) were
isolated during February 2011–May 2018 from different regions of the Republic of
Belarus: Minsk – 47.3% (20 invasive/15 non-invasive), Brest region – 14,7% (9/2),
Mogilev region – 12.2% (4/5), Grodno region – 10.8% (6/2), Vitebsk region – 9.5%
(5/2), Minsk region – 4.1% (2/1), and Gomel region – 1.4% (1 non-invasive).

Invasive strains were isolated from patients aged from 3 months to 62 years
(average–8.9 years, interquartile range of 9 months–14 years); female – 52%, male –
48%. About 65.2% patients had meningococcemia [21 strains from cerebrospinal
fluid (CSF) samples and 9 from blood] and 34.8% had meningitis (14 strains from
CSF samples and 2 from blood).

Non-invasive strains were isolated from nasopharyngeal swabs of 28
carriers, who contacted patients with meningococcal invasive infection, aged
from 5 months to 59 years (average – 26.7 years, interquartile range of
3–48 years); female – 44%, male – 56%.

Laboratory diagnosis

Bacterial cultivation was carried out using GC-agar (Conda, Spain) with
20% horse serum addition (Himmedsintez, Republic of Belarus, Minsk) and
commercial supplement VCNT (HiMedia, India) in a CO2 incubator at 37 °C and
5%–10% CO2 for 20–24 h.
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Additional molecular reidentification was carried out by RT-PCR with
superoxide dismutaseC (sodC) gene detection according to WHO and CDC
(Atlanta, USA) recommendations [16]. RT-PCR was held on Rotor-gene 3000
(Corbett Research, Australia) with running parameters: one cycle on 95 °C for
10 min, then 45 cycles on 95 °C for 15 s, and on 60 °C for 60 s with fluorescence
detection on 6-carboxyfluorescein channel. DNA extracted by previously
described boiling method [16].

Minimum inhibitory concentrations (MICs) were determined by broth
microdilution method [Mueller-Hinton broth (Fluka Analytical, Germany) and
20% horse serum (Himmedsintez)], or using E-tests (Biomerieux, France). MICs
of benzylpenicillin, ampicillin, amoxicillin, cefotaxime, ceftriaxone, meropenem,
ciprofloxacin, tetracycline, chloramphenicol, and rifampicin were determined in
the range <0.002–>32 mg/L. Strains obtained as part of Microbiology Quality
Assessment for H. influenzae, N. meningitidis, and S. pneumoniae identification,
susceptibility, and typing (WHO and UK NEQAS, UK) was used as controls.

The results were interpreted using EUCAST breakpoint tables version 8.0
valid from January 1, 2018. MIC50 andMIC90 (antibiotics concentrations inhibiting
growth of 50% and 90% of the strains, respectively) were determined by ordered
array method. Microbiological susceptibility to benzylpenicillin, cefotaxime, cip-
rofloxacin, and chloramphenicol was determined by comparing MIC values with
epidemiological cut-off value (ECOFFV; https://mic.eucast.org/Eucast2/).

Serogenotype of N. meningitidis strains was determined by RT-PCR with
synD (serogroup B), synE (serogroup C), sacB (serogroup A), xcbB (serogroupХ),
synG (serogroup W), and synF (serogroup Y) genes detection according to WHO
and CDC recommendations [16] and by conventional PCR with lcbB (serogroup
L), capZC (serogroup Z), and cap29EH (serogroup E) genes electrophoresis
detection in agarose gel [17].

Data entry, statistical processing, and analysis were performed using
Microsoft Office version 13.0 software.

Results

N. meningitidis serogroup distribution

During this study, serogroup distribution of invasive and non-invasive
N. meningitidis strains was established (Figure 2).

Invasive and non-invasive N. meningitidis strains were presented by differ-
ent serogroups with dominant serogroup B among invasive strains in 72% cases
(33/46) and non-invasive – 53.6% (15/28). Serogroup С distribution was 11%
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(5/46 invasive and 3/28 non-invasive). Serogroups A, W, and Y were also in both
groups, but were more common among bacterial carriers. Serogroup Z was only
detected among non-invasive strains (2/28). Two strains have not been established
as serogroups A, B, C, E, L, W, X, Y, or Z and were marked as non-groupable
(NG).

N. meningitidis strains susceptibility/resistance to antibiotics

MIC50 and MIC90 of 10 antibiotics and clinical breakpoints (EUCAST
2018, www.eucast.org) are presented in Table I.

As Table I shows, MIC50 for all antibiotics except meropenem was the same
among invasive and non-invasive strains and interpreted as susceptible. Mero-
penem MIC50 for invasive strains was higher than for non-invasive, but both were
susceptible. Differences in MIC90 for benzylpenicillin and meropenem were found
with higher values among invasive strains.

Antibiotic susceptibility to benzylpenicillin, cefotaxime, ciprofloxacin, and
chloramphenicol was determined by comparing MIC values with ECOFFV, which
separate bacterial population into susceptible “wild” strains and resistant – strains
with acquired resistance mechanisms. This data is used for epidemiological
antimicrobial resistance surveillance.

Figure 2. N. meningitidis serogroups distribution (%). Note: *NG marked strains whose serogroup
has not been established (not serogroups A, B, C, E, L, W, X, Y, and Z)
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Phenotypical N. meningitidis strains’ characteristics, separated to “wild”
population and population with resistance mechanisms, are shown in Table II. All
strains are susceptible to benzylpenicillin, ciprofloxacin, and chloramphenicol, but
two invasive and one non-invasive strains had cefotaxime MICs that shows
acquired resistance mechanisms, but clinically interpreted as susceptible. Epide-
miological cut-off points cannot be used to determine local resistance levels
because they are calculated using aggregate data of MIC distribution from
different sources, geographic areas of the world and periods of time; therefore,
they cannot be used to determine local resistance levels.

Benzylpenicillin

According to clinical protocol for diagnosis and treatment of infectious
diseases in adults and children [14, 15], benzylpenicillin is the drug of choice for
meningococcal infections treatment. Figure 3 shows meningococci susceptibility
to different benzylpenicillin concentrations. Determined that more than 87% of
all strains were susceptible to benzylpenicillin, but MICs of more than 60%
strains of both groups were 0.032–0.064 mg/L, which is close to border between
clinically susceptible and intermediate susceptible. Among invasive strains,
MIC90 is higher than among non-invasive and is interpreted as intermediate
(0.125 and 0.064 mg/L, respectively). Among strains with intermediate suscep-
tibility to benzylpenicillin (n = 9), the dominant serogroup was B (7/9) and
serogroup C was detected too (2/9).

Table I. MIC50 and MIC90 values of N. meningitidis strains

Antibiotics

MIC50 (mg/L) MIC90 (mg/L)

Breakpoints
S/R (mg/L)

Invasive
(n= 46)

Non-invasive
(n= 28)

Invasive
(n= 46)

Non-invasive
(n= 28)

Benzylpenicillin 0.032 0.032 0.125* 0.064* ≤0.06/>0.25
Ampicillin 0.032 0.032 0.125 0.125 ≤0.125/>1
Amoxicillin 0.125 0.125 0.25* 0.25* ≤0.125/>1
Cefotaxime 0.016 0.016 0.016 0.016 ≤0.125/>0.125
Ceftriaxone <0.002 <0.002 0.016 0.016 ≤0.125/>0.125
Meropenem 0.008 0.004 0.016 0.008 ≤0.25/>0.25
Ciprofloxacin 0.004 0.004 0.008 0.008 ≤0.03/>0.03
Tetracycline 0.25 0.25 0.5 0.5 ≤1/>2
Chloramphenicol 1 1 1 1 ≤2/>4
Rifampicin 0.016 0.016 0.25 0.25 ≤0.25/>0.25

Note: S: susceptible; R: resistant; MIC: minimum inhibitory concentration.
*Marked MICs, interpreted as intermediate.
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Chloramphenicol

In case of patient’s intolerance to β-lactams, chloramphenicol is used for
meningococcal infection treatment [14, 15]. All N. meningitidis strains (n= 74)
were susceptible to chloramphenicol, but strains with MIC border value (2 mg/L)
were detected – 6.5% among invasive strains and 7.1% among non-invasive. All
strains with MIC= 2 mg/L were N. meningitidis serogroup B.

Ampicillin

Ampicillin is an antibiotic, which is widespread for treating different
infectious diseases in hospitals and outpatient department. Figure 4 shows
N. meningitidis strains susceptibility to different ampicillin concentrations. As
seen in Figure 4, the dominant concentration in both groups was 0.032 mg/L
(43.5% – invasive strains and 35.7% – non-invasive strains). Determined that
6.8% of all strains were intermediate susceptible to ampicillin, and among non-
invasive strains, the percentage is higher – 10.7% against 4.3% among invasive
strains. All strains with intermediate susceptibility were N. meningitidis B.

Amoxicillin

Despite the fact that amoxicillin is not used for meningococcal infections
treatment, this antibiotic is widespread for treating different infectious diseases.

Figure 3. N. meningitidis strains susceptibility to benzylpenicillin
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Figure 5 shows N. meningitidis strains susceptibility to different amoxicillin
concentrations. It is noted that 69.6% of invasive N. meningitidis strains and
85.7% of non-invasive strains were susceptible to amoxicillin. Fourteen strains
had intermediate susceptibility. Among 14 invasive strains with intermediate
susceptibility, the dominant serogroup is B (72%, 10/14); serogroups W (14%,
2/14), A (7%, 1/14), and C (7%, 1/14) were also detected. Almost the same
serogroups were detected among four non-invasive strains: serogroup B (2/4),
A (1/4), and C (1/4).

Figure 4. N. meningitidis strains susceptibility to ampicillin

Figure 5. N. meningitidis strains susceptibility to amoxicillin
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Third-generation cephalosporines

In accordance with valid clinical protocols, third-generation cephalospor-
ines are used to treat acute meningococcemia and Waterhouse–Friederiksen
syndrome in adults [14] and meningococcal meningitis and unspecified
meningococcal infection in children [15]. Figure 6 shows N. meningitidis strains
susceptibility to different cefotaxime and ceftriaxone concentrations. All
N. meningitidis strains were clinically susceptible to the third-generation cepha-
losporines. However, two invasive strains (serogroups B and W) and one non-
invasive strain (serogroup B) were interpreted as microbiologically resistant to
cefotaxime (MIC = 0.032 mg/L). It means that they probably had acquired
resistance mechanisms.

Meropenem

In accordance with valid clinical protocols, meropenem is also used as
reserve antibiotic for treating adults with Waterhouse–Friederiksen syndrome or
meningococcal meningitis [14]. In case of ceftriaxone intolerance in children,
meropenem is used for treating meningococcal heart disease (A39.5) [15].
Meningococcal strains’ resistance level to meropenem is low – MIC90 is 0.016
and 0.008 mg/L for invasive and non-invasive strains, respectively.

Figure 6. N. meningitidis strains susceptibility to third-generation cephalosporines
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Ciprofloxacin

It was established that all strains were clinically and microbiologically
susceptible to ciprofloxacin. For invasive meningococci, MIC90 is higher than
for non-invasive strains – 0.008 and 0.004 mg/L, respectively. Ciprofloxacin is
not used to treat meningococcal infection now, but to prevent secondary infection
[14, 15, 18].

Tetracycline

All invasive and non-invasive N. meningitidis strains (n= 74) were clini-
cally susceptible to tetracycline, but strains close to breakpoint concentration
(MIC= 1 mg/L) were also detected – 6.5% among invasive meningococci and
3.4% among non-invasive.

Rifampicin

Rifampicin is known as an anti-tuberculosis drug and not a widespread
antibiotic for other infections, but it can be used for meningitis prophylaxis [18].
Figure 7 shows N. meningitidis strains susceptibility to different rifampicin
concentrations.

Clinically resistant to rifampicin strains were identified among invasive
meningococci – 8.7% (4/46) and non-invasive – 10.7% (3/28). Among

Figure 7. N. meningitidis strains susceptibility to rifampicin
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invasive-resistant meningococci three strains, serogroup B was isolated in
Minsk, Iwie (Grodno region) and Pinsk (Brest region). Strain from Pinsk was
also intermediate susceptible to amoxicillin. Invasive-resistant N. meningitidis
strain from Luban (Minsk region) was identified as NG (not A, B, C, E, L, W, X,
Y, and Z). Among non-invasive strains, resistant meningococci were isolated in
Brest – serogroup B, Vitebsk – serogroup B, and Orsha – serogroup Y (Vitebsk
region). Strain from Vitebsk was also intermediate susceptible to
benzylpenicillin.

Discussion

Meningococcal infection surveillance is prerequisite for improving the
treatment efficiency as well as to prevent spread of infection among carriers and
the transition to generalized forms, such as meningitis, meningococcemia, and
endocarditis. Meningococcal infection surveillance is currently available in
Belarus, but it is needed to be improved first with the expansion of the
geographical coverage of the support bases (hospitals and laboratories); second,
biomaterial and isolates transfer to reference laboratory; third, relationship
between all members of surveillance system improvement. Antimicrobial resis-
tance surveillance in general and N. meningitidis antimicrobial resistance surveil-
lance in particular are the obligatory condition of effective infectious control on
local, regional, and republican levels [1, 13].

PPhenotypic susceptibility/resistance of invasive and non-invasive meningo-
cocci to penicillins (benzylpenicillin, amoxicillin, and ampicillin), third-generation
cephalosporines (cefotaxime and ceftriaxone), carbapenems (meropenem), tetra-
cyclines (tetracycline), fluoroquinolones (ciprofloxacin), amphenicols (chloram-
phenicol), and rifampicins (rifampicin) shows that there are N. meningitidis strains
with intermediate susceptibility to penicillins and resistance to rifampicin circulating
in Belarus.

In accordance with valid clinical protocols [14, 15], benzylpenicillin is still
used for meningococcal infection treatment. Among all Belarussian
N. meningitidis strains, 12.2% were intermediate susceptible to benzylpenicillin
(MIC = 0.125–0.25 mg/L) with 13% in invasive meningococci group and 10.7%
in non-invasive group. Strains with intermediate susceptibility to β-lactams were
found in other countries all over the world [5, 12, 19, 20]. In Belgium, e.g., the
level of non-susceptible to penicillin isolates was 15.3% with dominant ser-
ogroup B. In Russia, the level of non-susceptibility was decreased from 11% in
2006–2011 to 2% in 2012–2015 [21].
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The highest level of intermediate susceptibility in N. meningitidis strains was
to aminopenicillins – to ampicillin (4.3% among invasive strains and 10.7% among
non-invasive) and amoxicillin (30.4% invasive and 14.3% non-invasive), which
indicates the widespread use of these antibiotics in clinical and prophylactic practice.
However, low meningococci susceptibility to ampicillin was also previously
detected in Belarus [13]. The percentage of intermediate susceptible strains
decreased from 53% in 2010 to 6.8% with the significant decrease of MIC90

value – 0.064 mg/L in comparison with >0.25 mg/L in 2010.
Serogroup distribution of N. meningitidis strains with intermediate suscep-

tibility to penicillins is as follows: serogroup B – 74.4%, serogroup C – 10.3%,
serogroup A and W – 5.1% each, and other – 5.1%.

The data about unsusceptible to ciprofloxacin isolates in the counties of
North America were reported [9, 10]. However, all the studied Belarusian
N. meningitidis strains were susceptible to this antibiotic; MIC90 among invasive
and non-invasive strains is 0.008 mg/L.

During this study, 9.5% of N. meningitidis strains were resistant to rifampi-
cin (MIC> 0.25 mg/L): 8.7% among invasive meningococci and 10.7% among
non-invasive. There are publications about rifampicin-resistant meningococci in
European countries (Hungary, Germany, France, and Switzerland) [4, 7, 21],
in America (Canada, USA, Uruguay, and Brazil) [5, 9], and in Australia [7]. In
Moscow, resistant meningococci serogroup B were also detected [22]. Previously,
resistant to rifampicin meningococci has not been described in Belarus [13];
however, the MIC50 and MIC90 levels have not changed since 2010 and are 0.016
and 0.25 mg/L, respectively.

All studied strains were susceptible to third-generation cephalosporines.
However, in comparison with Belarussian data from 2010, MIC90 increased
from 0.008 mg/L in 2010 to 0.016 mg/L for both cefotaxime and ceftriaxone
[13]. On the other hand, MIC50 and MIC90 to meropenem significantly
decreased. Thus, MIC90 to meropenem >0.03 mg/L in 2010 decreased to
0.016 mg/L among invasive N. meningitidis strains and to 0.008 mg/L among
non-invasive [13].

In this study, no unsusceptible to chloramphenicol N. meningitidis strains
were detected in Belarus (MIC90= 1 mg/L); whereas the level intermediate
susceptible strains were 54% earlier [13], so there is a decrease of such isolates
circulation.

Thus, among antibiotics that are used for meningococcal infection treatment,
N. meningitidis strains are strongly susceptible to chloramphenicol (MIC90=
1 mg/L), ceftriaxone (MIC90= 0.016 mg/L), meropenem (MIC90= 0.016 mg/L
among invasive strains and MIC90= 0.008 mg/L among non-invasive), and
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benzylpenicillin (MIC90= 0.064 mg/L among non-invasive), whereas invasive
strains were intermediate susceptible to benzylpenicillin (MIC90= 0.125 mg/L).

Among antibiotics that are used for meningococci elimination in carriers,
ciprofloxacin was clinically high susceptible in vitro (MIC90= 0.008 mg/L),
whereas resistant to rifampicin strains was detected; hence MIC90 is higher.

Antibiotic resistance surveillance must be the part of meningococcal infec-
tion surveillance as the reasonable and scientifically based element of meningo-
coccal infection treatment and prevention improvement. Molecular surveillance as
a part of meningococcal infection surveillance is also needed, especially after
antimeningococcal vaccination introduction.
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