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A b s t r a c t 27 

Meningococcal epidemiology may change unpredictably and typing of isolates of 28 

Neisseria meningitidis is crucial for the surveillance of invasive meningococcal 29 

disease (IMD). Few data are available of the meningococcal epidemiology in 30 

countries of North Africa. We aimed to explore the invasive meningococcal isolates 31 

from the Casablanca region in Morocco. We used whole genome sequencing (WGS) 32 

to characterize 105 isolates from this region during the period 2011–2016. Our data 33 

showed that the majority (n=100) of the isolates belonged to serogroup B. The 34 

genotyping of most of these isolates (n=62) belong to the sequence type (ST-33) of 35 

the clonal complex cc32. They also showed the same PorA and FetA markers and 36 

clustered together on the basis of WGS phylogenic analysis and seemed to correspond 37 

to an expansion of local isolates in the Casablanca region as also reported with similar 38 

isolates in several other countries in the world. 39 

These data suggest that serogroup B isolates may predominate in Morocco. They also 40 

have important impact on designating vaccination strategies.   41 
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Introduction 49 

Neisseria meningitidis (the meningococcus), a Gram negative capsulated bacterium, 50 

is the causative agent of invasive meningococcal disease (IMD). IMD is characterized 51 

mainly by meningitis and/or septicemia but other clinical forms are also described (1). 52 

N. meningitidis causes globally an estimated 500000 cases of invasive meningococcal 53 

disease (IMD) per year with 10% fatality rate as well as permanent sequelae among 54 

survivors(2). Meningococci are classified into 12 serogroups based on biochemical 55 

properties of their capsular polysaccharides but 6 of them (A, B, C, W, Y and X) are 56 

responsible for almost all the disease worldwide (3). Capsular polysaccharide-based 57 

conjugate vaccines are available against serogroups A, C, W and Y while 58 

proteins-based vaccines are available against isolates of serogroup B (3).  59 

The incidence of IMD varies worldwide with low incidence in industrialized 60 

countries between 0.3–4 cases per 100,000 population but the incidence can approach 61 

1000 per 100,000 during epidemics in countries of the sub-Saharan Africa(4). Indeed, 62 

IMD occurs either as sporadic cases with occasional outbreaks in the industrialized 63 

countries such as in Europe. However, major epidemics occur periodically in the 64 

African meningitis belt, a region that spans countries between Senegal in the west and 65 

Ethiopia in the east (5). The distribution of serogroups also varies in space and time. 66 

Serogroup B predominates in Europe, North America and Australasia (6). Periodic 67 

epidemics of meningococcal disease occurred in the meningitis belt that have been 68 

caused by serogroup A but serogroup A decreased in the meningitis belt since the 69 

introduction of the conjugate vaccine against isolates of serogroup A but isolates 70 

belonging to serogroups C, W and X emerged (4, 7-9). Moreover, serogroup W seems 71 

to undergo a worldwide increase since 2013 (10). Few data are available form North 72 

Africa countries (6, 11) and IMD is mainly considered as travel disease linked to the 73 
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Hajj and Umrah pilgrimages (12). Previous data from the Casablanca region in 74 

Morocco obtained between January 1992 and September 2000 showed predominance 75 

(75.5%) of serogroup B isolates with strains of the phenotype 76 

(serogroup:serotype:serosubtype) B:4:P1.15 representing 74.8% of all serogroup B 77 

isolates (13). We aimed in this work to follow the recent evolution of IMD in 78 

Casablanca region that represents 20% of the population of Morocco using whole 79 

genome sequencing (WGS) approach in order to provide more genetic resolution on 80 

the isolates and their relationship to other isolates that are currently circulating 81 

worldwide.  82 

 83 
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Materials and Methods 95 

Ethical Statement 96 

Isolates were obtained as part of routine activity of the Bacteriological laboratory at 97 

Hospital Ibn Rochd in Casablanca, and were analyzed anonymously for the 98 

epidemiological surveillance and control of communicable disease in the Moroccan 99 

Community. Ethical approval and informed consent were thus not required. A case of 100 

IMD was defined as the recovery of an isolate of N. meningitidis or meningococcal 101 

DNA from a normally sterile body site, such as blood, cerebrospinal fluid (CSF), joint 102 

aspirates. 103 

Characterization of the isolates 104 

PCR was used to confirm suspected cases with negative culture (N=45) as previously 105 

described (14). The 105 cultured invasive isolates available from cases of IMD at the 106 

Ibn Rochd hospital for the period 2011-2016. All isolates were cultured on GCB 107 

medium plated supplemented with Kellogg supplements (15). Isolates were identified 108 

on the basis of typical morphology of colonies, Gram stain, oxidase test and API NH 109 

test (bioMerieux, Marcy l’Etoile, France), according to the manufacturer’s 110 

instructions. Antibiotic susceptibility testing was performed using Etest Minimal 111 

inhibitory concentrations (MICs) for Penicillin, amoxicillin, ciprofloxacin and 112 

Ceftriaxone,  were determined by the E-test (Oxoid) methods according to 113 

manufacturers’ instructions [15] and interpreted according to the latest EUCAST 114 

guidelines, as previously recommended and described for N. meningitidis (16).  115 
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The isolates were sent to the Institut Pasteur, Paris, France for WGS. Serogrouping 116 

and genogrouping were performed as previously described (14). Genomic DNA was 117 

extracted using the Roche MagNA Pure 96 system (Roche, Pleasanton CA 9, USA). 118 

Sequencing was performed by Illumina HiSeq 2000 sequencer (Illumina, San Diego, 119 

CA, USA) and assembled as previously described (17). Sequences are available 120 

through the PubMLST database which runs on the Bacterial Isolate Genome 121 

Sequence Database (BIGSdb) platform (18). WGS data were analyzed on the 122 

PubMLST to extract sequence type (ST) and clonal complexes according to the 123 

multilocus sequence typing analysis. Other alleles corresponding to genes of interest 124 

for antibiotic susceptibility were also extracted. WGS data were also analyzed using a 125 

“gene-by-gene” approach available through the PubMLST Genome Comparator tool 126 

using  N. meningitidis core genome MLST (cgMLST) v1.0 that includes 1605 core 127 

loci (18). SplitsTree4 (version 4.13.1) was used to visualize the resulting distance 128 

matrices as Neighbor-net networks (19). The IDs of all these isolates are given in the 129 

supplementary Table to allow retrieving of WGS sequence in FASTA formats. 130 

 131 
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Results 138 

Description of cases of cases of IMD 139 

In Morocco, notification of clinically suspected cases of IMD should be reported to 140 

the regional health authority and Case notification forms are sent to the Department of 141 

Epidemiology, Ministry of Health. The annual incidence is 2 to 3.6 per 100,000 142 

inhabitants with 700-850 suspected cases per year fro the entier country. The Ibn 143 

Rochd University Hospital usually receives cases from the Casablanca region (about 144 

20% of the entire country population). The surveillance for IMD is performed under 145 

the national recommendations mentioned above. Cultured bacterial isolates and 146 

samples can be sent to the Institut Pasteur of Morocco in Casablanca for identification 147 

and typing. 148 

One hundred and forty five suspected meningococcal cases were reported and 149 

confirmed by cultured and/or PCR in Casablanca between 2011 and 2016. These 150 

cases were estimated to correspond to 25% to 40% des suspected reported cases in 151 

Casablanca. Of these 145 biologically confirmed cases, 40 (27.6%) were primary 152 

clinical materials (CSF) with no positive culture and were confirmed by PCR and 105 153 

(72.4%) of viable cultured isolates. Most of the isolates (71%) were from CSF and 154 

29% from blood. 155 

We analyzed 105 isolates from Casablanca between 2011 and 2016. The age of 156 

patients ranged from 3 day to 61 years the median age is 3 years. The majority of 157 

isolates belonged to serogroup B (100 isolates; 95% for the entire period). One isolate 158 

was of serogroup C and two isolates of serogroup W and two isolates of serogroup Y. 159 

The annual distribution of isolates during this period according to serogroups is 160 

depicted in Fig.1. We detected 19% of the isolates with reduced susceptibility to 161 

penicillin G (0.12 mg/L ≤ MIC ≤ 0.25 mg/L). 162 
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 163 

Analysis of the genetic markers of the isolates 164 

Data on the MLST were extracted from WGS and isolates were grouped into clonal 165 

complexes (Fig. 2A). Twenty-five different sequence types (STs) were identified 166 

among the isolates that were grouped into 10 clonal complexes (cc). However, 78 167 

isolates (74% of all tested isolates) belonged to one clonal complex, the cc32. ST-33, 168 

that belonged to the cc32, was the most frequent ST (n=62 isolates) in the cc32 in in 169 

the collection tested in Casablanca. Few isolates differed from ST-33 by one locus 170 

(single locus variants) or by two loci (double locus variants) (Fig. 2B).  171 

The isolates harbored several alleles of penA encoding the penicillin binding protein2 172 

(PBP2). Alterations of PBP2 were directly linked to the reduction of susceptibility to 173 

penicillin G in meningococci (20). Four highly related alleles (penA1, penA2, penA3 174 

and penA22) were found in 85 isolates that were previously described to correspond 175 

to the penicillin G-susceptible isolates (20). Twenty isolates harbored diverse and 176 

altered alleles (penA9, penA19, penA33, penA35, penA217, penA295, penA709 and 177 

penA710) were previously described to correspond to isolates with reduced 178 

susceptibility to penicillin G. Indeed, the isolates harboring modified penA alleles 179 

correlated with MIC values of penicillin G.  180 

There were several fines types (the combination of variable regions VR1 and VR2 of 181 

PorA and the variable region of FetA) but the finetype P1.19,15:F5-1 was the most 182 

frequent and was represented by 58 isolates that were all of serogroup B and cc32. 183 

These isolates were present throughout the study period (2011-2016).  184 

The unique serogroup C isolate belonged to the ST-3327 of the cc865. The two 185 

serogroup Y isolates were different and belonged to ST-1627 (cc167) and ST-1466 186 
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(cc174). The two serogroup W isolates were of ST-11 and ST-13257 that both 187 

belonged to the cc11 as ST-13257 was single locus variant of the ST-11. 188 

 189 

Genomic analysis of isolates 190 

To describe the relationships of the isolates, all the 105 cultured isolates (for the 191 

period 2010-2016) were subjected to cgMLST analysis using the BIGSdb tools in the 192 

PubMLST database (see Materials and Methods). The isolates grouped into several 193 

lineages. The major cluster corresponded to the cc32 isolates that were quite separated 194 

from the other serogroup B isolates (Fig. 3A). The isolates of serogroup 195 

B:P1.19,15:F5-1:cc32 were highly related, we therefore compared by cgMLST the 196 

relationships of these isolates from Morocco to all other isolates sharing the same 197 

combination and that were available on the PubMLST (accessed on 26/12/2017). In 198 

addition to the 58 isolates from Morocco, there were 69 other isolates between 1976 199 

and 2017 and were from the UK, France, Brazil, Cuba, Italy, Slovenia, South Africa, 200 

Canada, Denmark, Greece, Ivory Coast and Switzerland. The phylogenetic trees 201 

showed clear clustering of the Moroccan isolates distinctly from the isolates from 202 

other countries. Only few isolates from France and the UK were clustered with the 203 

Moroccan isolates (Fig. 3B). Isolates from Casablanca region harbored the genes 204 

encoding the antigens of the vaccines against serogroup B (Supplementary Table). 205 

The serogroup W/cc11 isolates were compared to other W/cc11 isolates that we have 206 

recently published in France and that belonged to the two major sublineages: the 207 

“Anglo-French-Hajj” sub-lineage and “South American-UK” sub-lineage with its two 208 

variants the “original UK strain” and the “UK 2013-strain (21, 22). This analysis 209 

clustered the two Moroccan isolates within the “Anglo-French-Hajj” (Fig. 3B). 210 

 211 
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Discussion 212 

This report used WGS analysis as a tool for complete characterization of invasive 213 

meningococcal isolates from the Casablanca region of Morocco. Our data showed the 214 

majority of the isolates were of serogroup B in agreement with a previous report (13). 215 

Recent data from Tunisia also suggested that serogroup B predominates in the 216 

country between 1998 and 2013 (23). Serogroup B isolates were also reported in 217 

Algeria between 1992-2001 (24). A shift from a serogroup A to serogroup B was 218 

noted in Egypt since 1991(25). However, the data remained scarce from North Africa 219 

with little molecular typing data.  220 

The previous work on the isolate in Casablanca region reported the phenotype P1.15 221 

for the isolate of serogroup B (13) that is in agreement with our findings on the typing 222 

of PorA (P1.19,15). Moreover, the WGS data were also available on for one group 223 

B/cc32 isolate from Morocco from 1994 on the PubMLST database (ID 26047) and 224 

clustered together with the recent isolates (26) (Figure 2). Our Data suggest the 225 

persistence of these isolates in the region and may further suggest a recent clonal 226 

 expansion of these isolates with most of the isolates belonging to the major sequence 227 

type (ST-33) and few single locus and double locus variants. Of interest, the cgMLST 228 

analysis showed that these isolates seem to differ from related isolates reported in 229 

other countries suggesting an expansion of a local strain in the Casablanca region. 230 

These related isolates were responsible for large expansion as was reported in Cuba 231 

and Brazil and lead to vaccination campaigns (27). The availability of protein-based 232 

vaccines may provide a possible strategy to control the expansion of those isolates. 233 

These isolates harbor genes encoding the vaccine antigens. However, expression 234 

assays are required to confirm coverage (28).  One limitation of our data is their 235 
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representativeness, but few exhaustive data are available due to limitations in 236 

reporting, diagnosis and typing (6).     237 

The use of the WGS approach provide a thorough understanding of the circulating 238 

meningococcal isolates that provide powerful tools for high resolution in 239 

epidemiological surveillance and should help decision making to tailor vaccination 240 

strategies.241 



12 
 

References 242 

1. Rosenstein NE, Perkins BA, Stephens DS, Popovic T, Hughes JM. 2001. 243 

Meningococcal disease. N Engl J Med 344:1378-88. 244 

2. Pollard AJ. 2004. Global epidemiology of meningococcal disease and vaccine 245 

efficacy. Pediatr Infect Dis J 23:S274-9. 246 

3. Borrow R, Alarcon P, Carlos J, Caugant DA, Christensen H, Debbag R, De 247 

Wals P, Echaniz-Aviles G, Findlow J, Head C, Holt D, Kamiya H, Saha SK, 248 

Sidorenko S, Taha MK, Trotter C, Vazquez Moreno JA, von Gottberg A, 249 

Safadi MA. 2017. The Global Meningococcal Initiative: global epidemiology, 250 

the impact of vaccines on meningococcal disease and the importance of herd 251 

protection. Expert Rev Vaccines 16:313-328. 252 

4. Harrison LH, Trotter CL, Ramsay ME. 2009. Global epidemiology of 253 

meningococcal disease. Vaccine 27 Suppl 2:B51-63. 254 

5. Harrison LH, Pelton SI, Wilder-Smith A, Holst J, Safadi MA, Vazquez JA, 255 

Taha MK, LaForce FM, von Gottberg A, Borrow R, Plotkin SA. 2011. The 256 

Global Meningococcal Initiative: recommendations for reducing the global 257 

burden of meningococcal disease. Vaccine 29:3363-71. 258 

6. Borrow R, Caugant DA, Ceyhan M, Christensen H, Dinleyici EC, Findlow J, 259 

Glennie L, Von Gottberg A, Kechrid A, Vazquez Moreno J, Razki A, Smith V, 260 

Taha MK, Tali-Maamar H, Zerouali K. 2017. Meningococcal disease in the 261 

Middle East and Africa: Findings and updates from the Global Meningococcal 262 

Initiative. J Infect 75:1-11. 263 

7. Sidikou F, Zaneidou M, Alkassoum I, Schwartz S, Issaka B, Obama R, 264 

Lingani C, Tate A, Ake F, Sakande S, Ousmane S, Zanguina J, Seidou I, 265 

Nzeyimana I, Mounkoro D, Abodji O, Wang X, Taha MK, Moulia-Pelat JP, 266 



13 
 

Pana A, Kadade G, Ronveaux O, Novak R, Oukem-Boyer OO, Meyer S. 2016. 267 

Emergence of epidemic Neisseria meningitidis serogroup C in Niger, 2015: an 268 

analysis of national surveillance data. Lancet Infect Dis 16:1288-1294. 269 

8. Collard JM, Issaka B, Zaneidou M, Hugonnet S, Nicolas P, Taha MK, 270 

Greenwood B, Jusot JF. 2013. Epidemiological changes in meningococcal 271 

meningitis in Niger from 2008 to 2011 and the impact of vaccination. BMC 272 

Infect Dis 13:576. 273 

9. Boisier P, Nicolas P, Djibo S, Taha MK, Jeanne I, Mainassara HB, Tenebray 274 

B, Kairo KK, Giorgini D, Chanteau S. 2007. Meningococcal meningitis: 275 

unprecedented incidence of serogroup X-related cases in 2006 in Niger. Clin 276 

Infect Dis 44:657-63. 277 

10. Lucidarme J, Hill DM, Bratcher HB, Gray SJ, du Plessis M, Tsang RS, 278 

Vazquez JA, Taha MK, Ceyhan M, Efron AM, Gorla MC, Findlow J, Jolley 279 

KA, Maiden MC, Borrow R. 2015. Genomic resolution of an aggressive, 280 

widespread, diverse and expanding meningococcal serogroup B, C and W 281 

lineage. J Infect 71:544-52. 282 

11. Ceyhan M, Anis S, Htun-Myint L, Pawinski R, Soriano-Gabarro M, Vyse A. 283 

2012. Meningococcal disease in the Middle East and North Africa: an 284 

important public health consideration that requires further attention. Int J 285 

Infect Dis 16:e574-82. 286 

12. Memish ZA, Shibl AM. 2011. Consensus building and recommendations 287 

based on the available epidemiology of meningococcal disease in Gulf 288 

Cooperation Council States. Travel Med Infect Dis 9:60-6. 289 

13. Zerouali K, Elmdaghri N, Boudouma M, Benbachir M. 2002. Serogroups, 290 

serotypes, serosubtypes and antimicrobial susceptibility of Neisseria 291 



14 
 

meningitidis isolates in Casablanca, Morocco. Eur J Clin Microbiol Infect Dis 292 

21:483-5. 293 

14. Taha MK. 2000. Simultaneous approach for nonculture PCR-based 294 

identification and serogroup prediction of Neisseria meningitidis. J Clin 295 

Microbiol 38:855-7. 296 

15. Kellogg DS, Jr., Peacock WL, Jr., Deacon WE, Brown L, Pirkle DI. 1963. 297 

Neisseria gonorrhoeae. I. Virulence Genetically Linked to Clonal Variation. J 298 

Bacteriol 85:1274-9. 299 

16. Vazquez JA, Arreaza L, Block C, Ehrhard I, Gray SJ, Heuberger S, Hoffmann 300 

S, Kriz P, Nicolas P, Olcen P, Skoczynska A, Spanjaard L, Stefanelli P, Taha 301 

MK, Tzanakaki G. 2003. Interlaboratory comparison of agar dilution and Etest 302 

methods for determining the MICs of antibiotics used in management of 303 

Neisseria meningitidis infections. Antimicrob Agents Chemother 47:3430-4. 304 

17. Veyrier FJ, Hong E, Deghmane AE, Taha MK. 2013. Draft Genome Sequence 305 

of a Neisseria meningitidis Serogroup C Isolate of Sequence Type 11 Linked 306 

to an Outbreak among Men Who Have Sex with Men. Genome Announc 1. 307 

18. Jolley KA, Maiden MC. 2010. BIGSdb: Scalable analysis of bacterial genome 308 

variation at the population level. BMC Bioinformatics 11:595. 309 

19. Huson DH, Bryant D. 2006. Application of phylogenetic networks in 310 

evolutionary studies. Mol Biol Evol 23:254-67. 311 

20. Taha MK, Vazquez JA, Hong E, Bennett DE, Bertrand S, Bukovski S, 312 

Cafferkey MT, Carion F, Christensen JJ, Diggle M, Edwards G, Enriquez R, 313 

Fazio C, Frosch M, Heuberger S, Hoffmann S, Jolley KA, Kadlubowski M, 314 

Kechrid A, Kesanopoulos K, Kriz P, Lambertsen L, Levenet I, Musilek M, 315 

Paragi M, Saguer A, Skoczynska A, Stefanelli P, Thulin S, Tzanakaki G, 316 



15 
 

Unemo M, Vogel U, Zarantonelli ML. 2007. Target gene sequencing to 317 

characterize the penicillin G susceptibility of Neisseria meningitidis. 318 

Antimicrob Agents Chemother 51:2784-92. 319 

21. Lucidarme J, Scott KJ, Ure R, Smith A, Lindsay D, Stenmark B, Jacobsson S, 320 

Fredlund H, Cameron JC, Smith-Palmer A, McMenamin J, Gray SJ, Campbell 321 

H, Ladhani S, Findlow J, Molling P, Borrow R. 2016. An international 322 

invasive meningococcal disease outbreak due to a novel and rapidly expanding 323 

serogroup W strain, Scotland and Sweden, July to August 2015. Euro Surveill 324 

21. 325 

22. Hong E, Barret AS, Terrade A, Denizon M, Antona D, Aouiti-Trabelsi M, 326 

Deghmane AE, Parent du Chatelet I, Levy-Bruhl D, Taha MK. 2017. Clonal 327 

replacement and expansion among invasive meningococcal isolates of 328 

serogroup W in France. J Infect. 329 

23. Saguer A, Smaoui H, Taha MK, Kechrid A. 2016. Characterization of invasive 330 

Neisseria meningitidis strains isolated at the Children's Hospital of Tunis, 331 

Tunisia. East Mediterr Health J 22:343-9. 332 

 333 

24. Tali-Maamar H, Rahal K. 2003. Étude de souches de Neisseria meningitidis 334 

isolées en Algérie entre 1992 et 2001. Med Mal Infect 33:640-643. 335 

25. Nakhla I, Frenck RW, Jr., Teleb NA, El Oun S, Sultan Y, Mansour H, 336 

Mahoney F. 2005. The changing epidemiology of meningococcal meningitis 337 

after introduction of bivalent A/C polysaccharide vaccine into school-based 338 

vaccination programs in Egypt. Vaccine 23:3288-93. 339 



16 
 

26. Harrison OB, Bray JE, Maiden MC, Caugant DA. 2015. Genomic Analysis of 340 

the Evolution and Global Spread of Hyper-invasive Meningococcal Lineage 5. 341 

EBioMedicine 2:234-243. 342 

27. Sacchi CT, de Lemos AP, Camargo MC, Whitney AM, Melles CE, Solari CA, 343 

Frasch CE, Mayer LW. 1998. Meningococcal disease caused by Neisseria 344 

meningitidis serogroup B serotype 4 in Sao Paulo, Brazil, 1990 to 1996. Rev 345 

Inst Med Trop Sao Paulo 40:65-70. 346 

28. Vogel U, Taha MK, Vazquez JA, Findlow J, Claus H, Stefanelli P, Caugant 347 

DA, Kriz P, Abad R, Bambini S, Carannante A, Deghmane AE, Fazio C, 348 

Frosch M, Frosi G, Gilchrist S, Giuliani MM, Hong E, Ledroit M, Lovaglio 349 

PG, Lucidarme J, Musilek M, Muzzi A, Oksnes J, Rigat F, Orlandi L, Stella M, 350 

Thompson D, Pizza M, Rappuoli R, Serruto D, Comanducci M, Boccadifuoco 351 

G, Donnelly JJ, Medini D, Borrow R. 2013. Predicted strain coverage of a 352 

meningococcal multicomponent vaccine (4CMenB) in Europe: a qualitative 353 

and quantitative assessment. Lancet Infect Dis 13:416-25. 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 



17 
 

Acknowledgments 362 

This work was supported by the Institut Pasteur, ACIP grant N° A03-&4. This 363 

publication made use of the Neisseria Multi Locus Sequence Typing website 364 

(https://pubmlst.org/neisseria/) developed by Keith Jolley and sited at the University 365 

of Oxford (18). The development of this site has been funded by the Wellcome Trust 366 

and European Union. We also acknowledge the PIBNET-P2M platform at the Institut 367 

Pasteur. 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

https://pubmlst.org/neisseria/


18 
 

Legends of figures 382 

Figure1. Distribution of the isolates of the study according to their serogroups and 383 

year of isolation. 384 

Figure2. (A) Distribution of the isolates of the study according to their serogroups 385 

and clonal complexes. (B) BURST analysis of the isolates of the clonal complex cc32 386 

on the basis of the seven loci of the MLST. The most frequent sequence type (ST-33) 387 

is in the central circle (black). The middle circle (red) represents the single locus 388 

variants for the ST-33 and the outer circle (bleu) represents the double locus variant 389 

from the ST-33 390 

Figure 3. (A) Neighbor-net phylogenetic network of all invasive cultured isolates 391 

received of the study from the region of Casablanca, Morocco (2011-2016). The tree 392 

was drawn on the basis of cgMLST. The 10 clonal complexes and the corresponding 393 

serogroup of the isolates are indicated. (B) Neighbor-net phylogenetic network of all 394 

serogroup B isolates showing the finetype P.19,15:F5-1 in the PubMLST database: 58 395 

isolates from Morocco in addition to 69 other isolates between 1976-2017 and were 396 

from the UK, France, Brazil, Cuba, Italy, Slovenia, South Africa, Canada, Denmark, 397 

Greece, Ivory Coast and Switzerland. The isolates from Morocco 1994 is indicated by 398 

an arrow (ID 26047) (C) Neighbor-net phylogenetic network of the two serogroup W 399 

isolates from our collection (black circle) B depicted within the tree of all invasive 400 

serogroup W isolates from France (period 2010-2016). Cases are classified in three 401 

groups using WGS data: “original UK strain”, “UK 2013-strain” and the 402 

Anglo-French-Hajj. 403 
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