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ABSTRACT
Although outbreaks of Neisseria meningitidis serogroup X occured in a couple of African countries, a
limited number of serogroup X meningococcal cases were reported in America and Europe as well as
Turkey. Additionally, serogroup X is still not represented in current conjugated meningococcal vaccines.
Here, we describe the first pediatric case with meningitis caused by Neisseria meningitidis serogroup X ST-
5799 (ST-22 complex) that formed a distinct lineage.
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Introduction

Neisseria meningitidis, which has 12 recognized serogroups, is now
considered to be the leading cause of bacterial meningitis in Turkey
as well as many parts of the world.1 The vast majority of invasive
disease is related to six meningococcal serogroups: (Men) A, B, C,
W, X and Y.2 Although Men X outbreaks have emerged in sub-
Saharan Africa in recent years, developed countries have reported
only sporadic cases.3-7 On the other hand;Men X is not included in
conjugate meningococcal vaccines that have been available for
years. Herein, we describe first pediatric case with meningococcal
meningitis caused by serogroup X in Turkey.

Case report

A previously healthy and well developed 16-month-old boy
presented to the emergency department of our hospital with
two days of fever accompained by new onset lethargy. He was
born at 31 weeks’ gestation and his medical history was unre-
markable otherwise. The physical examination revealed fever
(39,7�C at tympanic temparature measurement), tachypnea
(56/min), tachycardia (128/min), nuchal rigidity, positive Ker-
nig and Brudiznski signs. The blood pressure of the patient was
90/60 mmHg and the rest of the physical examination findings
were unremarkable. There was no skin rash. Laboratory investi-
gations were as follows; Hb 9.7 g/dL, peripheral blood white
blood cell count, 7980/mm3 (neutrophils 76%, lymphocytes
14%, monocytes 4%, eosinophil 4%); platelet count, 402000/
mm3, erythrocyte sedimantation rate (ESR), 35 mm/hour;
C-reactive protein (CRP), 197 mg/L. The cerebrospinal
fluid (CSF) analysis revealed 3000 leukocytes mm3 (90%

polymorphonuclear leukocyte), high protein level (302 mg/dL),
low glucose level (5 mg/dL, simultaneous blood glucose level
143 mg/dl) and high lactate level (120 mg/dl). Gram negative
diplococcus were seen on the Gram-stained preparation. Acute
bacterial meningitis was diagnosed, and ceftriaxone (100 mg/
kg/d, intravenously), and dexamethasone (0.8 mg/kg/d, intrave-
nously for 2 days) were empirically initiated. His 50% Haemo-
lytic Complement activity of serum (CH50) was normal.
Neisseria meningitidis grew in agar plate cultures of CSF and
blood. The isolate was serologically confirmed as MenX. Multi-
plex polymerase chain reaction (PCR) was used to identify the
meningococci from CSF after DNA isolation and the identifica-
tion of serogroups was based upon the oligonucleotides such as
sia D gene, which is for Men W, B, C, and Y, orf-2 and ctrA-x
genes, which are for Men A and Men X, respectively.8,9

Genome sequence and phylogenetic network analyses were
performed as previously described.10-12 The isolate from our
patient belonged to ST-5799 (ST-22 complex) of serogroup X.
A core genome comparison (1546 loci) of all relatively com-
plete (�500 contigs) ST-22 complex genomes on https://
pubmlst.org/neisseria/ (n D 244, accessed 21/06/17) indicated
that the ST-22 complex is diverse and geographically wide-
spread (Fig. 1a). No other serogroup X isolates were identified
among the genomes which were mainly from serogroup W iso-
lates, although a serogroup Y-associated clade and several well
distributed isolates belonging to other serogroups were also
identifed (Fig. 1b). Our isolate formed a distinct lineage with
four UK carrier isolates (Fig. 1c) that also possessed serogroup
X-related genes. The four carrier isolates were collected at
intervals from a single individual during 2011 and 2012
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Figure 1. Phylogenetic network analysis of all ST-22 complex genomes on the PubMLST Neisseria database (n D 244; accessed 21/06/17). The network is based on a dis-
tance matrix whereby each isolate is compared to every other isolate in terms of 1546 core genes. The total number of non-identical genes between any two isolates rep-
resents the ‘distance’ as depicted in the scale bar. Clusters and sub-clusters represent clonal expansion from a common ancester a) illustrates the widespread geographic
origins of the corresponding isolates. b) depicts the serogroup distribution among the corresponding isolates which were mainly serogroup W with a distinct, predomi-
nantly serogroup Y clade, and several well-distributed minor serogroups putatively arising though capsule switch events. c) depicts the distribution of case (disease) and
carrier isolates which were generally well interspersed.
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Southampton, UK). Other available carriage-associated
genomes were widely distributed elsewhere in the population
structure.13

On clinical follow-up; his fever, tachypnea, tachycardia and
meningeal irritation findings disappeared in 2 days. Four days
later, up to 38.8�C fever reemerged with no clinical deteoriation
and no persistence of meningeal irritation findings. At this time
laboratory investigations revealed; Hb 9.9 g/dL,peripheral
blood white blood cell count, 7980/ mm3 (neutrophils 70%,
lymphocytes 30%); platelet count, 560.000/ mm3, ESR, 38 mm/
hour; CRP, 5.9 mg/L. For the suspicion of intracranial compli-
cations of acute bacterial meningitis, cranial CT scan was per-
formed. Cranial CT findings were found as normal. In the light
of these findings, the reason of the recurrence of fever was con-
sidered as dexamethasone rebound fever. The patients fever
was normalized in 3 days without therapeutic modification. It
was noticed that at the 7th day of hospitalization; the patient
could not sit without support although he had been able to
walk before the illness. At the 14 days of hospitalization, the
patient was able to sit without support and he was discharged
from the hospital in a well condition.

Discussion

N.meningitidis is the most common cause of bacterial meningitis
in Turkey and serogroups W, B, A, and Y have caused bacterial
meningitis in a decreasing frequency.1 Although MenX strains
were firstly described in the 1960s, MenX has been isolated from a
soldier with a diagnosis of meningococcal meningitis in Turkey in
2010.14 This is the first pediatric case caused by MenX since men-
ingitis surveillance was started in our laboratory in 2005, where
445 invasive meningococcal isolates were characterized up to
2016. The sequence type (ST) of the isolate recovered from the
Turkish soldier belonged to ST-767 (ST-167 complex) whereas
our isolate belonged to the ST-22 complex. ST-22 complex menin-
gococci have been found previously among MenW15 and MenY
strains.7 In Niger, 94% of the patients with MenX were under
20 years of age with median 8 years and were caused by the same
clone, which was ST-181.3 In another study from Niger, it was
reported that patients with NmX meningitis were significantly
younger than that of the cases with NmA (mean age, 7.8 years).
The most isolated clone was also ST-181 in this study.4 Therefore,
continued surveillance is important to understand the nature of
potentially new epidemic clones of N. meningitidis.

We showed that the most frequent serogroup of meningo-
cocci in Turkey is W according to data of our surveillance16

and we also illustrated a possible explanation for the presence
of W that the acquisition of MenW is based on pilgrims attend-
ing the Hajj. After the detection of MenX, we firstly thought
that the possible source might be Africa. In Africa, serogroup X
outbreaks have been described in Niger3,4 and in Kenya5 as well
as other countries of Africa that are included in the African
meningitis belt. Moreover, Turkey announced 2005 as “the
year of Africa” and it was declared that Africa has a crucial
value for Turkey within the scope of Turkey’s new foreign pol-
icy in 2008 with an increasing trade capacity (http://turkishpo
licy.com/Files/ArticlePDF/turkeys-rising-role-in-africa-winter-
2010-en.pdf). The epidemiology of serogroup X in Africa has
been partially described.17 Furthermore, analyses showed that

the infecting strains belonged to a new sequence type, ST-5403
(clonal complex unnasigned), in Kenya, and ST-181 (ST-181
complex), a sequence type yet found in Chad, Mali,6 and Niger.
The sequence type and clonal complex of our isolate (ST-5799;
ST-22 complex) were unrelated to previously described African
serogroup X isolates. A further Turkish ST-22 complex case
(serogroup W) was unrelated and belonged to a distinct clade.
Aside from the genomes, there were two other ST-5799 isolates
listed on the database, both of which were serogroup X. These
included a isolate listed as ‘other’ from Germany (2004, ID
7944) and a carrier isolate from Turkey (2006; ID 8086). Thus,
the origin of this MenX clone is unclear. Further genomic anal-
ysis would be required to determine if the isolates are related to
the clade identified in this study.

Although capsular switches are commonly reported between
meningococcal serogroups including B, C, and W, the data
about capsular switching from serogroup X to another
serogroup are limited. Nonetheless, some recombination events
are reported between serogroups X and A recently.18 The
serogroup X-associated sublineage identified in the present
study is also a product of capsule switching, probably from
serogroup W, though confirmation of this would require fur-
ther analysis. This case also highlightes the importance of con-
tinued surveillance because of the import of new or epidemic
clones of N. meningitidis, including MenX, which is not
included in the available meningococcal vaccines.
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