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Abstract: The genetic potential of an organism is carried in the base sequence of its DNA according to the genetic code.
Just as we have defined genotypes in humans, bacterial genotypes are specific and defined too. However, information on
circulating N. meningitidis genotypes from northern Nigeria are unavailable in literature. Molecular genotyping methods are
used to address two very different kinds of problems associated with disease outbreak (short term or local epidemiology and
long term or global epidemiology). The multilocus sequence typing scheme developed for N. meningitidis which is based on
DNA sequencing of segments of seven housekeeping loci was used being the gold standard. The PubMLST.org database
and Bacterial Isolate Genome Sequence Database software were equally used. Of the 40 genotyped samples, 31 (77.5%)
had detectable genotypes; genotype abcZ in three cases (7.5%); adk, four (10%); aroFE, three (7.5%); fumC, 16 (40%);
pdhC, two (5%); and genotype pdh in three cases (7.5%). The six genotypes encountered were found to be circulating
amongst the various serogroups in parts of northern Nigeria which is now publicly reported in literature for the first time in
Nigeria. Genotype abcZ was found circulating amongst serogroups A (sacB) and Y (synF); genotype adk amongst
serogroups A (sacB), W135 (synG), and Y (synF); genotype aroE amongst serogroups C (synE), W135 (synG), and Y
(synF); genotype fumC amongst serogroups A (sacB), B (synD), C (synE), W135 (synG), X (xcbB), and Y (synF); genotype
pdhC amongst serogroups B (synD), and X (xcbB); and genotype pgm amongst serogroups B (synD), C (synE), and Y
(synF). The utilization of our findings by health authorities would be of great importance for public health strategies such as
vaccination. Our knowledge has been widened to acknowledge the presence of bacterial genotypes circulating amongst
various N. meningitidis serogroups.
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treatment [2], and has remained a serious global health
problem [3]. Over 1.2 million cases of bacterial meningitis
are estimated to occur worldwide each year [4]. In Nigeria,
about 5000 cases of meningitis occur every year and has been
linked to the cause of several deaths [5]. As at 2017, the
meningitis belt in Nigeria had covered 25 of the 36 States of
the Federation (all the 19 northern States including the
Federal Capital Territory (FCT), and some southern States
such as Anambra, Cross River, Ebonyi, Enugu, Imo, and
Oyo) as shown in Figure 1 as reported by the Nigeria Centre

1. Introduction

Neisseria meningitidis, often called meningococcus is a
Gram-negative diplococcus of about 0.8 pm in diameter that
resemble coffee beans when viewed microscopically. N.
meningitidis is typically found in the upper respiratory tract
and has been identified and implicated as one of the leading
causes of bacterial meningitis [1]; and the aetiologic agent of
meningococcal septicaemia. Bacterial meningitis is a life-
threatening condition that requires prompt recognition and
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for Disease Control [6]. Just as we have defined genotypes in
humans, same is applicable to microorganisms; known as
bacterial genotypes. However, information on circulating N.
meningitidis genotypes in Northern Nigeria are sketchy in
literature.

Figure 1. W States within the Meningitis belt in Nigeria [6].

Molecular genotyping methods are used to address two
very different kinds of problems associated with disease
outbreak [7]. Firstly, are the isolates or mDNA/gDNA
recovered from a localized outbreak of disease the same or
different strains? (short term or local epidemiology) [7].
Short-term or local epidemiology focuses on genetic
variations or microvariations that may occur during an
individual outbreak or epidemic event in a particular
geographic location [8]. Secondly, how are strains causing
disease in one geographic area related to those isolated
world-wide? (long term or global epidemiology) [7]. The
goal of long-term or global epidemiology is to measure the
accumulation of genetic variation overtime and establish a
linkage between strain lineage and disease on a global scale
[8]. Genotyping, which refers to the discrimination of
bacterial strains based on their genetic content is now the
method of choice used for bacterial strain typing due to its
high resolution [9]. The genetic profile of a given strain
generated by a specific genotyping method can be as unique
as a fingerprint. Thus, genotyping is also referred to as DNA
fingerprinting [9].

The multilocus sequence typing (MLST) is a DNA
sequencing-based genotyping method which generates the
original sequence of nucleotides and discriminate among
bacterial strains directly from polymorphisms in their DNA;
and has been developed with a global epidemiology
perspective [10]. MLST indexes the sequences of seven
internal (representative) housekeeping gene fragments to
identify bacterial genotypes and associate them with
biological properties [7, 10 — 11]. MLST scheme is available
for N. meningitidis [7] which is based on DNA sequencing of
segments of seven housekeeping loci (abcZ, adk, aroE,
fumC, gdh, pdhC, and pgm), and is recognized as the gold

standard for accurate strain characterization and
epidemiological surveillance of this organism [12].
Meningococci are characterized at the genetic level by
multilocus sequence typing (MLST), which uses sequences
of the seven housckeeping genes to determine isolate
sequence type (ST) [7]. Groups of closely related ST are
termed clonal complexes (cc) and these are good surrogates
of bacterial lineage. A subset of clonal complexes, known as
hyperinvasive (or hypervirulent) lineages were responsible
for the majority of disease worldwide [13]. We aimed at
determining the genetic diversity of circulating genotypes of
N. meningitidis serogroups in parts of Northern Nigeria.

2. Materials and Methods

2.1. Ethics Approval and Consent to Participate

Ethical approvals were obtained from the Health Research
Ethics Committees of National Hospital, Abuja
(NHA/EC/034/2015),  Federal  Capital  Development
Authority Health Services (FHREC/2017/01/27/03-04-17),
Kebbi State Ministry of Health
(MOH/KSREC/VOL.1/56/N0101.3/2015), Plateau  State
Ministry of Health (MOH/MIS/202/VOL.T/X, 2017), Sokoto
State Ministry of Health (SMH/1580/V.IV, 2017), and
Zamfara State Ministry of Health (ZSH REC/ 02/03/2017)
[14-15]. Written informed consent for storage and future use
of unused sample, and sample material and data transfer
agreement were also obtained [14-15].

2.2. Sample Size Determination

Sample size was calculated using the Cochran formula
[16] for calculating simple proportion. At 0.05 alpha level
of significance, 95% confidence level and a patient
population size of seventy-seven and previous prevalence
13.7%, a sample size of 181.7 which was adjusted to 210
samples after calculating for 10% attrition [14-15]. The
subjects were recruited consecutively until the sample size
was attained [14-15].

2.3. Sample Collection
CSF samples were collected as previously reported [14].
2.4. Extraction and Quality Check of Metagenomic DNA

Metagenomic DNA extraction and quality check was as
previously reported [14].

2.5. Multiplex Real-Time PCR for N. meningitidis
Detection

Multiplex Real-time PCR for molecular detection of N.
meningitidis was as previously reported [15].

2.6. Singleplex Real-time PCR for N. meningitidis
Characterization

Singleplex Real-time PCR for molecular characterization
of N. meningitidis was as previously reported [15].
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2.7. Sample Selection

Of the appropriately characterized 67 N. meningitidis
serogrouped strains with singleplex Real-time PCR as
reported by Peletiri and co-authors [15], 40 (59.7%) were
properly selected for genotyping to ensure both geographical
coverage (spread) and serogroup representation.

3. Multilocus Sequence Typing (MLST)
Protocol for N. meningitidis
Genotyping

This assay protocol describes a Real-time PCR method using
SYBR chemistry, designed to genotype selected genotypic
markers of N. meningitidis. The markers include abcZ, adk,
aroE, fumC, gdh, pdhC, and pgm as shown in Table 1. The
primers used for amplification by Real-time PCR were: abcZ-F,
5 AATCGTTTATGTACCGCAGG 3’, and abcZ-R, 5’

GTTGATTTCTGCCTGTTCGG 3% adk-F, 5
GGTGCACCGGGTGCAGGTAA 3°, and adk-R, 5
CCTAAGATTTTATCTAACTC 3% aroE-F, 5
ACGCATTTGCGCCGACATC 3’, and aroE-R, 5’
ATCAGGGCTTTTTTCAGGTT 3% JumC-F, 5

TCCCCGCCGTAAAAGCCCTG 3°, and fumC-R, 5

GCCCGTCAGCAAGCCCAAC 3% gdh-F, 5
ATCAATACCGATGTGGCGCGT 3, and gdh-R, 5
GGTTTTCATCTGCGTATAGAG 3’ pdhC-F, 5

GGTTTCCAACGTATCGGCGAC 3,
ATCGGCTTTGATGCCGTATTT 3°; and pgm-F: 5°
CTTCAAAGCCTACGACATCCG 3, and pgm-R, 5’
CGGATTGCTTTCGATGACGGC 3°. All the primers were
synthesized by Eurofins, Germany. Primers were supplied
lyophilized; first reconstituted to 100 uM following
manufacturer’s instructions and working concentrations of 10
UM prepared using 1 x TE buffer as diluent [14-15].

and pdhC-R, 5’

3.1. MLST Protocol Set-up

Sample Requirement

Metagenomic DNA (mDNA) samples of serogrouped N.
meningitidis with singleplex Real-time PCR, stored at -20°C
(or -80°C) until required for testing.

Reagents and Materials

10 uM N. meningitidis primer mixes labelled abcZ, adk,
aroE, fumC, gdh, pdhC, and pgm mix respectively. Promega
gPCR Master mix; PCR water (Nuclease free water); ABI
One Step Plus Real-time PCR System (Thermofisher, UK);
ABI 96 well qPCR plate; P10, P100, and P1000 pipettes and
tips; Thermal seal for PCR plate; Cold rack; Refrigerated
centrifuge with plate holder (Heraeus, UK).

Table 1. N. meningitidis MLST scheme, including gene locus, amplicon length, and trimmed length of sequence used for allelic determination on

http://www.mlst.net platform [17].

Housekeeping genes Gene locus Trimmed length
Putative ABC transporter abcZ 433
Adenylate kinase adk 465
Shikimase dehydrogenase aroE 490
Fumurate dehydrogenase fumC 465
Glucose-6-phosphate dehydrogenase gdh 501
Pyruvate dehydrogenase subunit pdhC 480
Phosphoglucomutase pgm 450

Setting up Reaction.

Worksheet was created according to the number of
samples to be tested. The ABI 96 well plate placed into a
plate holder on a cold rack. Note: Each genotypic marker
was tested alone. So, for each sample, there were seven (7)
separate reactions. Into each well, 15 pL of Promega qPCR
Master mix/ Primer was dispensed. Five (5) uL of mDNA,
Standard or QC, or Negative control (PCR water) was
added into appropriate well. The plate was sealed with
thermal seal and centrifuged at 1000 rpm for one minute in
refrigerated centrifuge (2 — 8°C). The plate was placed into
the holder in the ABI One Step Plus Real-time PCR
machine. The manufacturer’s instruction was followed for
setting up template — N. meningitidis genotyping. SYBR
Chemistry and Standard mode, with  Absolute
Quantification were selected. The run was started and saved
correctly. The thermal profile comprised of initial
denaturation at 95°C for 3 min, followed by 40 cycles of
95°C for 5s, 60°C for 30s, 72°C for 10s and a final melt
cycle of 72°C to 95°C at ramp rate of 0.3°C/s.

Result Analysis

After the run, both the amplification curve and cycle
threshold (Ct) values were inspected. Ct values of < 35 were
positive; Ct values of 35 — 40 were equivocal; Ct values > 40
were negative. For the equivocal ones, the amplification
curve and melting curve were checked to make the call. If it
melts at same specific temperature as the positive cases, it
would be positive.

3.2. Sequenced Results from MLST

The genome sequences obtained from genotyping
(MLST protocol) were uploaded to the publicly available
Neisseria PubMLST.org database
(http://pubmlst.org/neisseria) [18], which is powered by
the Bacterial Isolate Genome Sequence Database (BIGSdb)
software [19] for the determination of sequence type (ST),
clonal complex (cc), the outer membrane proteins (OMPs)
(PorA, PorB, FetA, fHbp, NadA, and NHBA), core genome
MLST (cgMLST), and antibiotic resistance genes (gyr4,
penA, and rpoB).
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3.3. Extracting Typing Information from a Local Genome
File

The MLST scheme was selected from a drop-down box of
the PubMLST.org database for Neisseria, and the analysis
run was started by clicking the submit button. Individual
allelic matches were identified along with the sequence type
(ST) if the combination of alleles has been previously
defined [20]. Typing information can be readily extracted
from whole genome sequence assemblies using sequence
query page. Genome assembly contids were pasted into the
sequence query form and the required scheme or locus (in
this case MLST) selected. Any locus exact matches are
displayed and, if this corresponds to a defined combination of

alleles, the profile definition (Sequence type (ST)/ clonal
complex (cc) for MLST) was displayed [20].

4. Results

Of the 40 genotyped samples with Multilocus Sequence
Typing (MLST) protocol, 31 (77.5%) were detected for one
genotype or the other; while 9 (22.5%) were undetectable
genotype strains. Of the seven genotypes tested for, six were
encountered. MLST result revealed genotype abcZ in 3 cases
(7.5%); genotype adk, 4 cases (10%); genotype aroE, 3 cases
(7.5%); genotype fumC, 16 cases (40%); genotype pdhC, 2 cases
(5%); and genotype pgm, 3 cases (7.5%) as shown in Table 2.

Table 2. Prevalence of circulating N. meningitidis genotypes amongst the various identified serogroups in parts of Northern Nigeria.

Gene Locus Allele Number encountered % Circulating amongst serogroups No. of serogroups
abcZ 433 3 7.5 A (sacB) 1; Y (synF) 2 2
adk 465 4 10.0 A (sacB) 2; W135 (synG) 1; Y (synF) 1 3
aroE 490 3 7.5 C (synE) 1; W135 (synG) 1; Y (synF) 1 3
A (sacB) 2; B (synD) 6; C (synE) 1; W135
JumC 465 16 400 (synG) 3; X (xcbB) 1; Y (synF) 3 6
pdhC 480 2 5.0 B (synD) 1; X (xcbB) 1 2
pgm 450 3 7.5 B (synD) 1; C (synE) 1; Y (synF) 1 3
Undetectable genotype strains 9 22.5
Total 40 100.0

Key: Gene locus - Housekeeping genes

abcZ - Putative ABC transporter; adk - Adenylate kinase; aroE - Shikimase dehydrogenase;
fumC - Fumurate dehydrogenase; pdhC - Pyruvate dehydrogenase subunit; pgm — Phosphoglucomutase.

Of the 31 genotyped strains as shown in Table 2, six different
sequence types (ST) with corresponding clonal complexes (cc)
were extracted. From genotype abcZ, ST 6956, cc ST-41/44
complex and ST 9013, cc ST-5 complex were found; from
genotype aroE, ST 6921, cc ST-196 complex and ST 12030, cc
ST-213 complex were found; from genotype fumC, ST 7577, cc
ST-23 complex was found; and from genotype pgm, ST 6796,
cc ST-269 complex was found as shown in Table 3. Details of
Sequence types (ST) and clonal complexes (cc) are reflected in

Table 3. The genotype abcZ strains identified were assigned to
four different sequence types (ST): ST 6956, cc ST-41/44
complex, BURST analysis displayed Singleton with frequency
of one. ST 9013, cc ST-5 complex, BURST analysis also
displayed Singleton with a frequency of one. The remaining two
sequence types, ST 8716, and ST 10820 had no clonal
complexes assigned as shown in Table 3. ST and cc results for
the remaining five genotypes (adk, aroE, fumC, pdhC, and pgm)
are shown in Table 3.

Table 3. Genotypes of N. meningitidis allelic profile for Sequence type (ST) and clonal complex (cc) extracted from PubMLST.org powered by BIGSdb

software.
BURST analysis Singleton
Gene Locus Allele Sequence Type (ST) Clonal complex (cc) ST TS
abcZ 433 6956 ST- 41/44 complex 6956 1
9013 ST- 5 complex 9013 1
8716 Nil Nil
10820 Nil Nil
adk 465 11087 Nil Nil
aroE 490 6921 ST-198 complex 6921 1
12030 ST-213 complex 12030 1
fumC 465 7577 ST-23 complex Not available
Frequency SLV DLV SAT
pdhC 480 8724 Nil 8724 1 1 1 -
10882 Nil 10882 1 1 1 -
10883 Nil 10883 1 - 2 -
* Singletons — None
pgm 450 6796 ST-269 complex 6796 1
7144 Nil 7144 1
10820 Nil 10820 1

Footnote: Extracting typing information from a local genome file.
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Table 4. Epidemiological characterization of genotyped strains of N. meningitidis recovered from CSM patients in parts of Northern Nigeria during the 2017

and 2018 meningitis seasons.

Genotype® Serogroup”

Sequence Type (ST)*

Strain designation®

abcZ AY 6959
9013
8716
10820
11087

adk A, W135,Y

aroE C,W135,Y 6921

12030

SfumC A, B, C, 7577

W135,X,Y

pdhC 8724
10882
10883

pgm 6796
7144

10820

A:P1.22-42,4-20, F3-53:
Y: P1.22-42, 4-20, F3-53:
A:P1.22-42, 4-20, F3-53:
Y: P1.22-42, 4-20, F3-53:
A:P1.22-42, 4-20, F3-53:
Y: P1.22-42, 4-20, F3-53:
A: P1.22-42,4-20, F3-53: ST-10820

Y: P1.22-42, 4-20, F3-53: ST-10820
A:P1.18-51, 2-72, F5-75: ST-11087

W135: P1.18-51, 2-72, F5-75: ST-11087

Y: P1.18-51, 2-72, F5-75: ST-11087

C: P1.7-9, 2-23, A: ST-6921 (cc198)
W135: P1.7-9, 2-23, A: ST-6921 (cc198)

Y: P1.7-9, 2-23, A: ST-6921 (cc198)

C: P1.7-9, 2-23, A: ST-12030 (cc213)
W135: P1.7-9, 2-23, A: ST-12030 (cc213)
Y: P1.7-9, 2-23, A: ST-12030 (cc213)
A:P1.12-5, 2-41, F4-8: ST-7577 (cc23)

B: P1.12-5, 2-41, F4-8: ST-7577 (cc23)

C: P1.12-5, 2-41, F4-8: ST-7577 (cc23)
W135: P1.12-5, 2-41, F4-8: ST-7577 (cc23)
X: P1.12-5, 2-41, F4-8: ST-7577 (cc23)

Y P1.12-5, 2-41, F4-8: ST-7577 (cc23)

B: P1.21-10, 13-44, F5-58: ST-8724

X: P1.21-10, 13-44, F5-58: ST-8724

B: P1.21-10, 13-44, F5-58: ST-10882

X: P1.21-10, 13-44, F5-58: ST-10882

B: P1.21-10, 13-44, F5-58: ST-10883

X: P1.21-10, 13-44, F5-58: ST-10883

B: P1.21-21, 2-21, A: ST-6796 (cc269)

X: P1.21-21, 2-21, A: ST-6796 (cc269)

Y: P1.21-21, 2-21, A: ST-6796 (cc269)

B: P1.21-21, 2-21, A: ST-7144

C: P1.21-21,2-21, A: ST-7144

Y: P1.21-21, 2-21, A: ST-7144

B: P1.21-21, 2-21, A: ST-10820

C: P1.21-21, 2-21, A: ST-10820

Y: P1.21-21, 2-21, A: ST-10820

ST-6959 (cc41/44)
ST-6959 (cc41/44)
ST-9013 (cc5)
ST-9013 (cc5)
ST-8716

ST-8716

Footnote:

a — Genotypes were obtained from sequencing of seven housekeeping genes using the Multilocus Sequence Typing (MLST) protocol.

b - Serogroups were obtained by characterization of identified N. meningitidis from metagenomic DNA (mDNA) with Singleplex Real-time PCR.

¢ - Sequence Type (ST) was extracted from PubMLST.org powered by BISGdb software.

d - Strain designation was based on the previously recommended nomenclature [21], comprising of serogroup, por4 type (Px), fetd type (Fx), and sequence

(STx) (clonal complex (cc)).

5. Discussion

Genetic diversity data obtained from the housekeeping
genes is commonly used to establish phylogenetic
relationships among members of a population [22].
Phylogeny can be wused as a framework to which
pathogenicity-related characteristics such as virulence,
virulence genes, and host specificity may be mapped. With
this mapping, important insights can be obtained on the
origin of pathogenicity and host adaptations of a pathogen
[23]. Of the 31 samples, six genotypes were encountered as
shown in Table 2; as well as six clonal complexes. The six
genotypes encountered were found to be circulating amongst
the various N. meningitidis serogroups. Genotype abcZ was
identified amongst two serogroups, A (sacB) and Y (synF);

genotype adk amongst three serogroups, A (sacB), W135
(synG), and Y (synF); genotype aroE amongst three
serogroups, C (synE), W135 (synG), and Y (synF); genotype
JfumC amongst six serogroups, A (sacB), B (synD), C (synE),
W135 (synG), X (xcbB), and Y (synF); genotype pdhC
amongst two genotypes, B (synD), and X (xcbB); and
genotype pgm amongst three genoypes, B (synD), C (synE),
and Y (synF) as shown in Table 2. Our results revealed that
genotype fumC was the most predominant -circulating
genotype occurring in all the six serogroups.

Of the six clonal complexes (cc) found as shown in Table
3, literature search revealed four (ST-41/44 complex, ST-5
complex, ST-23 complex, and ST-269 complex) as
hypervirulent or hyperinvasive [24 — 26]. The ST-41/44
complex has been found to cause disease in various European
countries as well as the USA and in New Zealand where it
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has been responsible for an epidemic since 1991 [13, 27 —
28]. However, seven other sequence types, ST 8716, 10820,
11087, 8724, 10882, 10883, and 7144 had no clonal complex
assigned as shown in Table 3.

Of the 120 N. meningitidis isolates from Nigeria that are
captured in the PubMLST.org database between 1996 and
2017, only three serogroups A (7), C (112), and W135 (1)
were identified and the results are available as such. All the
seven serogroup A cases had the same Sequence Type, ST 5
and clonal complex (cc) ST-5 complex. The only W135 isolate
(id: 17862) from Bauchi in 2010 had ST 8637, ccll; with
strain designation of W: P1.5-2, A: F1-7: ST-8637 (ccll).
Surprisingly, all the 112 serogroup C isolates had the same
Sequence Type, ST 10217, cc-10217, with strain designation
of C: P1.21-15, 16: F1-7: ST-10217 (cc10217) including the
report by Kwambana-Adams and colleagues [29] which
reported ccST-10217 outbreak in Zamfara State, Nigeria.
Meanwhile, Peletiri and co-authors [15] had implicated N.
meningitidis serogroups X and Y as identified causes of CSM
for the first time in parts of Northern Nigeria; and is now
presented here with diverse but defined strain designations of:
X: P1. 12-5, 2-41, F4-8: ST-7577 (cc23); X: P1. 21-10, 13-44,
F5-58: ST-8724; X: P1.21-10, 13-44, F5-58: ST-10882; and Y:
P1. 22-42, 4-20, F3-53: ST-6959 (cc41/44); Y: P1. 22-42, 4-
20, F3-53: ST-9013 (cc5); and Y: P1. 21-21, 2-21, A: ST-6796
(cc269). However, of the Niger Republic isolates submitted at
the PubMLST.org database, N. meningitidis serogroups A, C,
W155, X, and Y are being reported with varying ST and cc.

The outer membrane proteins (OMPs)/ vaccine candidates’
results obtained through BLAST protocol revealed much.
The genome sequences of the 31 genotyped strains queried
for the vaccine candidate antigens: NadA, NHBA, fHbp,
PorA, and fetA showed revealing results. Based on the query
outcomes, NadA peptide matched two genotypes (abcZ and
aroE), 33.3% (2/6). Our findings are in tune with earlier
report by Bambiri and colleagues [30] that identified
approximately 30% of meningococci with NadA.
NHBA peptide matched three genotypes (adk, fumC, and
pgm), 50% (3/6). fHbp peptide matched four genotypes
(abcZ, adk, fumC, and pdh), 66.7% (4/6). PorA (VR, and
VR;) matched all six genotypes (abcZ, adk, aroE, fumC,
pdhC, and pgm), 100% (6/6).

6. Conclusion

The high level of genetic diversity of circulating genotypes
of PCR confirmed N. meningitidis serogroups in parts of
Northern Nigeria is being reported here as baseline data for
reference. Using the MLST protocol, we identified the
circulating genotypes of N. meningitidis in parts of Northern
Nigeria which is now publicly reported in literature for the
first time in Nigeria. Our knowledge has been widened to
acknowledge the presence of bacterial genotypes circulating
amongst various N. meningitidis serogroups. As shown in
Table 4, various strain designations were revealed. Based on
these findings, vaccine agents to be administered in our
environment should include all the circulating vaccine

candidates. The utilization of our findings by health
authorities would be of great importance for public health
strategies such as vaccination [12]. Finally, commencement
of preventive vaccination programmes in Nigeria will
certainly do us a lot of good as against the current reactive
vaccination programmes being implemented.
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