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ABSTRACT
Introduction: Data on the community carriage of meningococci 
in developing countries are sparse. Knowledge about the 
same would help identify demographic and socio-behavioural 
risk factors, the need for infection control strategies and the 
composition of the relevant serogroup for locally effective 
meningococcal vaccine.

Aim: To assess the meningococcal carriage and the major 
serotypes among fresh college hostellers.

Materials and Methods: Charcoal-impregnated nasopharyngeal 
swabs were collected from 274 consenting fresh college recruits 
(first year students residing in the college hostel) and plated on 
to Thayer-Martin medium. Oxidase-positive diplococci were 
taken as presumptive Neisseria species. DNA was extracted 
from the isolates and Sanger sequencing was performed on the 
amplified PCR product. Blast analysis of all sequenced samples 
was performed against the retrieved Neisseria meningitidis 
sequences from whole NCBI-nr/nt database and within the 

dataset. Phylogentic analysis was done by Mega-6 professional 
package comparing published sequences of serogroups against 
the detected Neisseria meningitidis. 

Results: Ten (3.6%) samples grew oxidase-positive diplococci 
suggestive of Neisseria. On molecular testing and sequence 
analysis, 4 samples were found to be N.meningitidis, one 
(Neisseria spp) had close similarity to N.meningitidis and the others 
included N.perflava (n= 3), N.pharyngis (n=1) and N. flavescens 
(n=1). N.meningitidis isolates on blast and phylogenetic analysis 
bore molecular homology to serogroup B. 

Conclusion: Nasal carriage of N. meningitis (serogroup B) was 
found in about 1.5% (n=4) of the fresh college recruits in the 
present study. Close proximity amongst the hostellers is likely 
to result in transmission and such preventive strategies for 
infection control are desirable. Further, studies of similar kind are 
mandated to determine the appropriate serogroups required for 
inclusion in the vaccine.

INTRODUCTION 
Neisseria meningitidis is an obligate commensal organism that 
colonizes the nasopharynx of up to 10% of healthy humans [1]. 
The passive carriage facilitates circulation of the organism within 
communities via airborne respiratory secretions or through direct 
contact such as kissing [2]. Generally the infection with Neisseria 
meningitidis is transient and asymptomatic [2]. For poorly understood 
reasons, the organism can become invasive and cause potentially 
lethal disease such as septicaemia or meningitis [3]. The disease 
is characterized by a rapid onset and is usually life-threatening. N. 
meningitidis is one of the major causes of morbidity and mortality 
worldwide as a result of invasive bacterial disease [1,2].

Students living in hostels, military recruits etc., are considered to be 
at a higher risk of acquiring meningococcal disease as they live in 
close proximity and as such are strongly recommended vaccination 
in the developed countries like the United States and many European 
countries [1,2].

The epidemiology of meningococcal disease is not well described 
in many parts of the developing world, particularly Asia including 
India [4,5]. Sinclair et al., reviewed published literature from India 
and concluded that there is a low background incidence of 
meningococcal disease with occasional large epidemics [6]. In the 
absence of adequate surveillance for meningococcal disease, many 
additional smaller outbreaks have gone unnoticed and the size of the 
reported ones underestimated. Because carriage of meningococci 
is much more frequent than invasive meningococcal disease [1,2], 
the epidemiology of meningococcal infection cannot be understood 

without studying the meningococcal carriage. Studies on carriage 
can identify demographic and socio-behavioural risk factors for 
meningococcal infection. 

Against this backdrop a study to assess the nasopharyngeal 
carriage rate among university students residing in hostels would 
shed some light on whether Indian university students residing in 
hostels are indeed at risk of suffering from invasive meningococcal 
disease like their counterparts in the US and Europe [4]. Moreover, 
this study would add to the scarce literature on nasopharyngeal 
carriage in any section of the Indian population. The present study 
was thus designed to ascertain the nasal carriage of meningococci 
among college freshmen in a temperate north Indian setting. 

MATERIALS AND METHODS 
The cross-sectional study was conducted in National Institute 
of Technology, Srinagar in the north Indian state of Jammu and 
Kashmir from August to September 2014. Two hundred seventy-four 
engineering college freshmen who were first year students residing 
in a single hostel were recruited for the study. Informed consent 
was obtained from all the college freshmen who joined the college 
hostel for the first time and the participants (aged >18 years) were 
asked to provide some basic information regarding demographic 
profile, history of any high risk behaviours, recent/past illness, intake 
of steroids or any other immunosuppressant, vaccinations or recent 
antibiotic use. Students who were vaccinated for meningococcal 
disease, those with a history of antibiotic intake, use of immune 
suppressants or steroid drugs in past 2 weeks or any immunological 
or haematological disorder were excluded from the study. 
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A charcoal impregnated posterior pharyngeal swab was taken from 
each student fulfilling the inclusion criteria and transported to the 
laboratory within 2-3 hours and plated on Thayer Martin medium. 
The plates were incubated at 37oC with 5-10% CO2 for 24 hours 
at the end of which they were examined for any growth. In case 
of no growth, the plates were incubated for another 24 hours and 
examined subsequently. Oxidase positive Gram negative diplococci 
suggestive of being Neisseria spp. were sub-cultured and tested for 
molecular identification and sequence analysis. 

Identification by sequencing of 16S rDNA: Genomic DNA 
from the bacteria was isolated according to the protocol of Kumar 
et al., [7]. Amplification of 16S rRNA gene was performed on master 
thermal cycler (UK), with universal primer set pA (forward primer) 
(5’-AGA GTT TGA TCC TGG CTC AG- 3’) and pH (Reverse primer) 
(5’-AAG GAG GTG ATC CAG CCG CA- 3’) [8,9] in 25 µl of reaction 
containing 1X Taq buffer, 100 µMol l-1dNTPs mix, 3 mMol l-1 MgCl2, 
10 µg BSA(bovine serum albumin), 10 pMol each primer, 0.5 U of 
Taq DNA polymerase and 100 ng template DNA. The thermo cycling 
conditions consisted of an initial denaturation at 94°C for 2 minutes, 
35 amplification cycles at 94°C for 1 minute 10 seconds, 48°C for 30 
seconds, 72°C for 2 minutes 10 seconds and a final polymerization 
step at 72°C for 6 minutes 10 seconds. The final PCR product was 
resolved in 1% agarose gel, excised and purified with Sigma elution 
kit. The cycle sequencing reaction was performed with 20-30 ng 
of purified amplicon using the ABI PRISM BigDye Terminators v1.1 
cycle sequencing kit according to the manufacturer’s instruction 
(Applied Biosystems Foster city, CA, USA). The purified product 
was sequenced bi-directionally on AB3100 sequencer (Applied 
Biosystems) to obtain complete coverage of the gene. The 
sequences were edited, contig assembled in CLC Bio Sequence 
viewer and compared with GenBank sequences by blast analysis. 
Nucleotide sequence similarities were determined using the NCBI 
or EMBL databases and sequence identity vis-à-vis the bacterial 
identity was established by closest match [10].

Sequence and molecular Phylogenetic Analysis: Blast 
analysis was performed first against the retrieved sequences from 
the whole NCBI nr/nt database and subsequently against each 
other to analyse the differences in the dataset. ClustalW2 was used 
for multi sequence alignment (MSA) to see the conserved regions 
among the sequences, MEGA 6 package were used for molecular 
phylogenetic analysis. Fitch cost estimation was done and on the 
basis of that agglomerative clustering was done using the “bottom 
up” approach. Implementations and performance of hierarchical 
clustering was performed to infer the complex phylogenetic 
representations in the context of N. meningitidis observed data. 
On the basis of blast identification the sequenced samples were 
assigned SKIMS ID, Blast Identification, Sequence ID, Blast score 
and E-Value. Operational Taxonomic Unit numbers (OTU) were also 
assigned for molecular phylogenetic analysis. DNA sequences were 
deposited in the GenBank database with the accession numbers 

as shown in [Table/Fig-1]. To identify the particular serogroup 
of N.meningitidis out of dataset1, by using Blast N, different 
N.meningitidis sero groups were retrieved from NCBI database 
and from 16s database RDPII to develop dataset2 that included 
the pathogenic Neisseria sequences of dataset1 and retrieved 
N.meningitidis serogroups [Table/Fig-2]. Substitution model was 
estimated to determine the best mutation substitution model fit for 
the dataset. Maximum Likelihood (ML) estimation of substitution 
matrix and gamma parameter was performed. Rates of different 
transitional substitutions and those of transversional substitutions 
are shown in [Table/Fig-3]. Tree topology was automatically 

NO Identification (BLAST)
SKIMS Se-
quence ID

GenBank Acces-
sion Numbers

BasePair
Percentage 
Similarity

Score E-Value OTU1

1 Neisseria Sp. Skimsmen0001 KR870878 281bp 94% 394 4E-106 1

2 Neisseria perflava Skimsmen0002 KR870879 1489bp 99% 2538 0.0 2

3 Neisseria meningitdis Skimsmen0003 KR870880 1475bp 99% 2597 0.0 3

4 Neisseria pharynges Skimsmen0004 KR870881 1476bp 97% 2422 0.0 4

5 Neisseria flavescens Skimsmen0005 KR870882 1481bp 99% 2623 0.0 5

6 Neisseria perflava Skimsmen0006 KR870883 1473bp 99% 2634 0.0 6

7 Neisseria meningitidis Skimsmen0007 KR870884 1473bp 96% 2603 0.0 7

8 Neisseria perflava Skimsmen0008 KR870885 1478bp 99% 2595 0.0 8

9 Neisseria meningitidis Skimsmen0009 KR870886 1475bp 99% 2603 0.0 9

10 Neisseria meningitidis Skimsmen0010 KR870887 1475bp 99% 2603 0.0 10

[Table/Fig-1]: Dataset with blast identification and GenBank accession numbers.

S 
no.

GenBank
Accession no.

Species Serogroups OTU1 no

1 gi|2425160 Neisseria Meningitidis Serogroup W135 11

2 gi|578002988 Neisseria Meningitidis Serogroup Y 12

3 gi|578002986 Neisseria Meningitidis Serogroup C 13

4 gi|352289265 Neisseria Meningitidis Serogroup D 14

5 gi|78522969 Neisseria Meningitidis Serogroup B 15

6 gi|78522967 Neisseria Meningitidis Serogroup B 16

7 gi|78522931 Neisseria Meningitidis Serogroup B 17

8 gi|78522929 Neisseria Meningitidis Serogroup B 18

9 gi|78522951 Neisseria Meningitidis Serogroup B 19

10 gi|78522965 Neisseria Meningitidis Serogroup B 20

11 gi|78522933 Neisseria Meningitidis Serogroup B 21

12 gi|78522959 Neisseria Meningitidis Serogroup B 22

13 gi|78522953 Neisseria Meningitidis Serogroup B 23

14 gi|78522961 Neisseria Meningitidis Serogroup B 24

15 gi|78522957 Neisseria Meningitidis Serogroup B 25

16 gi|30407145 Neisseria Meningitidis Serogroup A 26

[Table/Fig-2]: List of retrieved Neisseria meningitidis serogroups from NCBI & RDPII 
databases (data set2).
1OTU No: Operational Taxonomic Unit Number

A T/U C G

A --- 6.36 6.36 12.28

T/U 6.36 --- 12.28 6.36

C 6.36 12.28 --- 6.36

G 12.28 6.36 6.36 ---

[Table/Fig-3]: Shows transitional & transverstional substitution rates.

computed for estimating ML values. The maximum log-likelihood for 
this computation was -704.887. The analysis involved 26 nucleotide 
sequences (dataset2). Areas containing missing data and gaps were 
eliminated. There were a total of 69 positions in the final dataset.
Evolutionary analyses were conducted in MEGA6. On the basis 
of estimated substitution parameters, different phylogenetic trees 
were constructed for different data sets to ascertain the similarity of 
the N.meningitidis in the current study vis a vis retrieved sequences 
of serogroup B. After performing sequence analysis, MSA different 
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pathogenic N. meningitidis serogroups A, B, C, D, Y & W125 were 
identified and then retrieved from NCBI. These sequences were 
subjected to phylogenetic analysis.

The study protocol was approved by the Institute Ethics Committee 
of Sher-i-Kashmir Institute of Medical Sciences. Informed consent 
was obtained from all participants. Descriptive statistics employing 
SPSS (Statistical Package for Social Sciences) Ver 17.0 (IBM, USA) 
was employed for the data analysis.

RESULTS 
Of the 274 samples, 10 (3.6%) grew Gram-negative diplococci 
suggestive of Neisseria spp. Molecular identification revealed the 
various isolates to be homologous to N.meningitidis (n=4), N. 
perflava(n=3), N.flavescens, N. pharynges and N.spp(1 each) [Table/
Fig-1]. The length of the sequences ranged from 281to 1489bp. 

In the dataset, the insertion/deletion or a single base differentiating 
the dataset into pathogenic or non-pathogenic species showed 
that 4 sequences (ID’s SKIMSMEN0003, SKIMSMEN0007, 
SKIMSMEN0009 and SKIMSMEN0010) showed 99% identity 
with pathogenic N. meningitidis on different E-value parameters. 
The sequences were compared to one another by MSA. On the 
basis of sequence similarity, total score and E-value the 16S 
rRNA sequences belonged to different Neiserria species shown 
in [Table/Fig-1]. Multiple sequence Alignment showed conserved 
regions among the sequences. Sequence ID’s SKIMSMEN0003, 
SKIMSMEN0007, SKIMSMEN0009 and SKIMSMEN0010 were 
found to be highly conserved among the residues. From sequence 
alignment Sequence ID’s gi|78522959, gi|78522969 & gi|78522965 
showed some mutations and variations in the residues, as sequence 
similarity showed a matching similarity of 51%, 58%, 58%, 51%, 
59%, 60%, 60% & 57% respectively [Table/Fig-4].

After performing sequence analysis and MSA of different pathogenic 
N. meningitidis phylogenetic analysis was performed with various 
retrieved serogroups. On phylogentic analysis N. meningitidis 

serogroup with ID gi|78522959 showed close relationship with 
sequences of ID’s SKIMSMEN0003, SKIMSMEN0007, and 
SKIMSMEN0009& SKIMSMEN0010. Serogroup D & A were 
distinctly related whereas Serogroup Y & C were found to be 
distantly related as shown in [Table/Fig-5]. Model substitution 
identification analysis revealed that Kumara-2-parametre model 
was the best fit for the dataset. Clustering analysis was done to infer 
maximum phylogenetic representations on the basis of Fitch cost. 
It was seen that OTU 15 (Genbank Id gi|78522969): N.meningitidis 
serogroup ‘B’ aligned closely with N.meningitidis sequences in 
dataset1 followed by other retrieved serogroup B sequences [Table/
Fig-6]. OTU 26 (Genbank Id gi|30407145: Serogroup ‘A’) and OTU 
14 (Genbank Id gi|352289265: Serogroup ‘D’) were observed to 
be distinct compared to OTU 11 (gi|2425160: Serogroup ‘W125’), 
OTU13 (Genbank Id gi|578002986, Serogroup ‘C’) and OTU 12 
(Genbank Id gi|578002988, Serogroup ‘Y’) [Table/Fig-6]. 

Phylogenetic trees revealed the similarity of the N.meningitidis in 
the current study with retrieved sequences of serogroup B [Table/
Fig-6]. Agglomerative clustering using Fitch metric and the average 
linkage criterion produced a constant result which appeared to 
have an optimal cost by Fitch and by the combined metric. Four 
groups  illustrated by their OTU numbers were observed that were 
identical in all most all phylogenetic representation and included 
Group A: (11,(14,26))); Group B: (12,13); Group CD: (3,(15,(7,(10, 
9)))) and Group EF: (20,(22,16),(24,21),(18,17)))). We got multiple 
phylogenetic representations from different datasets on different 
parameters. To infer such big data clustering analysis was done to 
merge all relevant OTUs on the basis of Fitch cost. The identified 

[Table/Fig-6]: Inference of multiple phylogenetic representations by clustering using 
fitch metric and the average Linkage Criterion.
1H: Hypothetical Taxonomic Unit

[Table/Fig-4]: Multiple sequence alignment of SKIMSMEN0003, 
SKIMSMEN0007, SKIMSMEN0009 and SKIMSMEN0010 gi|78522969, gi|78522965, 
gi|78522959&gi|78522953.

[Table/Fig-5]: Shows the evolutionary relationship of different serogroups of 
N.meningitidis by using Mega 6.
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is well established as a standard method for the identification and 
phylogenetic classification of prokaryotic species, genera, and 
families [22]. This is rapidly becoming a common technique for the 
identification of unknown bacterial isolates and we employed this 
molecular method of bacterial identification for the first time in our 
valley. 

Our data is in agreement with earlier studies that have reported 
a lower meningococcal carriage in Indian populations than those 
reported in other settings, even during epidemics [Table/Fig-7]. 
Most of the cases are caused by a few clonal complexes of related 
sequence types commonly known as hyper virulent lineages as 
revealed by multi-locus sequence typing [23] and isolates belonging 
to these hypervirulent lineages are under-representation in healthy 
carriers [24,25]. In turn, among the healthy population only 10% are 
colonized with N. meningitidis and most of these isolates belong to 
a diverse variety of 2,000 sequence types that are rarely associated 
with disease [26]. In our study also we found that 60% of the 
isolates belonged to non-pathogenic sequence types rather than 
the pathogenic N.meningitidis [Table/Fig-1].

We found that the menincococcal sequences of our strains aligned 
with serogroup B. Meningococci can be divided into 13 serogroups 
based on the chemical composition of the capsular polysaccharide, 
invasive disease being largely limited to serogroups A, B, C, W, 
X, and Y. Our data are at variance with the earlier Indian reports, 
predominantly related to outbreaks, where the serogroup A has 
been the commonest reported serogroup [6,12,13,27,28]. There 
have been rare reports of disease attributable to serogroup C [6] and 
one fatal case of infection with serogroup B has been reported [29].

Indians are not routinely advised meningococcal vaccination, it 
being reserved for pilgrims prior to Hajj [30] and army cadets on 
overseas assignments [31]. While the low level carriage in our data 
would argue against routine vaccination, similar studies across 
other high risk groups and ages need to be performed before 
conclusive recommendations for vaccinations can be made. Further 
geographical differences in the carriage could occur in a large 
country like India where more outbreaks have been reported from 
temperate northern areas of the country as compared to the more 
tropical Southern areas [6]. Assessment of the community burden 
would dictate concrete vaccination recommendations as also 
determine whether the commonly available meningococcal vaccine 
needs to incorporate a particular serogroup for effective protection. 

LIMITATION 
Our study is limited by the fact that it was carried out in only one 
north Indian setting and the results are not generalizable to the 
whole country. Further the effect of living in close proximity was not 
studied which would involve a repeat survey of the studied students 
after 6 weeks but was not possible as the institutions were closed 
following untimely flash floods. 

CONCLUSION
We conclude that nasal carriage of N. meningitidis serogroup B 
was seen in 1.5% of fresh college recruits in our state. Whereas 
earlier reports from different parts of the country carried out during 
epidemics have implicated serogroup A and C as the predominant 
serogroups causing disease, our study calls for similar studies from 
other areas of the country in order to assess the carriage in those 
areas and the relevance of the vaccine as regards the serogroup.
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Study Site/year 
Study popula-

tion 
Carriers Comment 

Ardeshir [14] Nasirabad 
1932/1933 

375 new 
recruits 400 
staff members 
Recruits on 
leaving 

7 (1.8%) 
176 (44%) 

Army training centre

Bhalla et al, 
[15]

Hyderabad 
1968 

55 close 
contacts 

3 (5%) A military 
training centre 
(serogrouping not 
available)

Ichhpujani et 
al., [16]

New Delhi 
1985 

242 family 
contacts 213 
neighborhood 
contacts 160 
school contacts 

42 (17.4%) 
16 (7.5%) 
1 (0.6%) 

All were serogroup 
A. 

Dubey et al., 
[17]

Chandigarh 
1986 

32 close 
contacts 

11 (34.3%) Carrier rate 
during non-
epidemic period in 
Chandigarh 3%. 
Same serotypes 
as seen in cases 
(A or C) 

Paul et al., 
[18]

New Delhi 
1985 

53 household/
family 
contacts 219 
neighborhood/ 
school contacts 

3 (5.7%) 
2 (0.9%) 

Serogroup A 
serogroup A (n=1), 
C (n=1) 

Ichhpujani et 
al., [19]

New Delhi 
1986/1987 

6513 school 
children (aged 
6–20 years) 

107 
(1.64%) 

No differences in 
sex or age groups. 

Nagraj et al., 
[20]

Baddi 
village 1997 

25 close 
contacts of 
suspected cases 

0 (0%) Nearly all 
had received 
chemoprophylaxis. 

Present study Srinagar 
(2014) 

274 college 
freshmen 

4 (1.5%) Serogroup B 

[Table/Fig-7]: Summary of reported Indian series of nasopharyngeal carriage of 
meningococci. (modified from Sincliar et al., [6]).

pathogenic taxonomic units viz., OTU 3, OTU 7, OTU 9 and OTU 
10 shared the common Clade H6 (HTU1) that clubbed with the OTU 
15 which is serogroup ‘B’ and formed “Group CD” as shown in 
[Table/Fig-6]. Hypothetical Taxonomic units (HTU) 3 and HTU 4 got 
clubbed in a single “Group A” including OTUs 11, 14 and 26. OTU 
12 and OTU 13 were found to get clubbed with “Group B”. OTUs 
20, 22, 16, 17, 18, 21 and 24 shared the common HTU: H11, all 
OTUs got clubbed into “Group EF” as shown in [Table/Fig-6].

DISCUSSION 
Regardless of age, N.meningitidis is responsible for 1.9% of cases 
of meningitis in India [6] affecting adults as well as children [11-
13]. While mostly children are affected with invasive disease, 
outbreaks witness affliction of adults as well [6]. Our data show that 
N.meningitidis Serotype Bis carried in the nasopharyngeal swabs 
of 1.5% college freshmen. This is the first study from our part to 
estimate the prevalence of the organism in college students in India 
and should serve as an impetus for further such studies on similar 
participants who live is close circumstances. 

Our data is in conformity to earlier reports of a lower meningococcal 
carriage in Indian populations than that reported in other settings, 
even during epidemics, and without obvious age or sex predilections 
[14-20] [Table/Fig-7]. During the 1985 epidemic in New Delhi, the 
prevalence of carriage in healthy subjects aged 6–20 years was below 
2% [13]. These findings were consistent with the rather low level of 
carriage seen in in-coming prisoners and army recruits in previous 
studies [14,21]. These populations serve as proxy indicators of adult 
population and point to a general lower nasopharyngeal carriage 
of meningococci in Indian adults [14,16,21]. Higher carriage rates 
have been found in close family contacts of cases [15,16,18]. The 
effect of staying in close settings on the prevalence of nasal carriage 
needs to be studied which might dictate the usefulness of targeted 
chemoprophylaxis. The study employed 16sRNA gene sequence 
analysis for molecular and serogroup identification of N.meningitidis. 
Determination of differences in the sequence of the 16S rRNA gene 



www.jcdr.net	 Nargis K Bali et al., Nasal Carriage of Meningococci

Journal of Clinical and Diagnostic Research. 2017 Oct, Vol-11(10): OC13-OC17 1717

PARTICULARS OF CONTRIBUTORS:
1.	 Lecturer, Department of Microbiology, Government Medical College and Hospital, Srinagar, Kashmir, India. 
2.	 Scientist, Department of Internal and Pulmonary Medicine, Sheri Kashmir Institute of Medical Sciences, Srinagar, Jammu and Kashmir, India.
3.	 Scientist, Department of Bioinformatics Center, Sheri Kashmir Institute of Medical Sciences, Srinagar, Jammu and Kashmir, India.
4.	 Research Assistant, Department of Internal and Pulmonary Medicine, Sheri Kashmir Institute of Medical Sciences, Srinagar, Jammu and Kashmir, India.
5.	 Professor and Head, Department of Microbiology, Sheri Kashmir Institute of Medical Sciences, Srinagar, Jammu and Kashmir, India.
6.	 Professor and Head, Department of Internal and Pulmonary Medicine, Sheri Kashmir Institute of Medical Sciences, Srinagar, Jammu and Kashmir, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Parvaiz A Koul,
Professor and Head, Department of Internal and Pulmonary Medicine, Sher-i-Kashmir Institute of Medical Sciences, 
Soura, Srinagar-190011, Jammu and Kashmir, India.
E-mail: parvaizk@gmail.com 

Financial OR OTHER COMPETING INTERESTS: As declared above.

Date of Submission: Jan 01, 2017
Date of Peer Review: Mar 02, 2017
Date of Acceptance: Sep 06, 2017

Date of Publishing: Oct 01, 2017

design or conduct of the study or in the analysis and interpretation 
of the resulting data.

REFERENCES
	 Yazdankhah SP, Caugant DA. [1] Neisseria meningitidis: an overview of the carriage 

state. J Med Microbiol. 2004;53:821–32. 
	 Stephens DS. Uncloaking the meningococcus: dynamics of carriage and [2]

disease. The Lancet. 1999;353:941–42.
	 Lamelas A, Harris SR, Röltgen K, Dangy J-P, Hauser J, Kingsley RA, et al. [3]

Emergence of a new epidemic Neisseria meningitidis serogroup A clone in the 
African meningitis belt: high-resolution picture of genomic changes that mediate 
immune evasion. mBio. 2014;5(5):e01974-14. 

	 Manchanda V, Gupta S, Bhalla P. Meningococcal disease: history, epidemiology, [4]
pathogenesis, clinical manifestations, diagnosis, antimicrobial susceptibility and 
prevention. Ind J Med Microbiol. 2006;24:7-19. 

	 Harrison LH, Trotter CL, Ramsay ME. Global epidemiology of meningococcal [5]
disease. Vaccine. 2009;27:51-63. 

	 Sinclair D, Preziosi MP, Jacob TJ, Greenwood B. The epidemiology of [6]
meningococcal disease in India. Trop Med Int Health. 2010;15:1421-35. 

	 Kumar A., Sarma YR, Anandaraj M. Evaluation genetic diversity of [7]
Ralstoniasolanacearum causing bacterial wilt of ginger using Rep-PCR and 
RFLP-PCR. Curr Sci. 2004;87:1555-61.

	 Woese CR. Bacterial evolution. Microbial Rev. 1987;51:221-71.[8]
	 Stackebrandt E, Goebel BM. Taxonomic note: a place for DNA–DNA reassociation [9]

and 16S rRNA sequence analysis in the present species definition in bacteriology. 
Int JSyst Bacteriol. 1994;44:846-49.

	 Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. Basic alignment search [10]
tool. J Mol Biol. 1990;215:403–10.

	 Sachdeva A, Kukreja S, Jain V, Dutta AK. Meningococcal disease-outbreak in [11]
India. Indian Pediatr. 2005;42:3363-71. 

	 John TJ, Gupta S, Chitkara AJ, Dutta AK, Borrow R. An overview of [12]
meningococcal disease in India: Knowledge gaps and potential solutions. 
Vaccine 2013;31(25):2731-7. 

	 Jhamb U, Chawla V, Khanna S. Clinical profile of group A meningococcal out-[13]
break in Delhi. Indian Pediatr. 2009;46(9):794-96. 

	 Ardeshir EAR. Investigations on cerebro-spinal fever in Nasirabad (Rajputana) [14]
during the period 1931 to 1934.Part I. Indian Medical Gazette. 1935;70:435-
41.

	 Bhalla IP, Dutta SB, Kuppuswamy G. Meningococcal meningitis in a military [15]
training centre in Hyderabad. J Assoc Physicians India. 1972;20:177-82.

	 Ichhpujani RL, Singh T, Kumari S, Basu RN. Nasopharyngeal carriage of [16] Neisseria 
meningitidis in the contacts of index cases of meningococcal meningitis. J 
Commun Dis. 1986;18:1-5.

	[17] Dubey ML, Ayyagari A, Bhandari SK. An outbreak of meningococcal meningitis in 
and around Chandigarh: bacteriological aspects. Bulletin, Postgraduate Institute 
of Medical Education and Research, Chandigarh. 1986;20:151–56.

	 Paul SS. Pyogenic meningitis in children. A study of 48 cases. Indian J Child [18]
Health. 1963;12:98-103.

	 Ichhpujani RL, Mohan R, Grover SS, Joshi PR, Kumari S. Nasopharyngeal [19]
carriage of Neisseria meningitidis in general population and meningococcal 
disease. J Commun Dis. 1990;22(4):264-68. 

	 Nagraj VK, Singh MM, Pallab R, Rajesh K, Varma S (1998) Outbreak of [20]
meningococcal meningitis in Baddi village. Bulletin Postgraduate Institute of 
Medical Education and Research, Chandigarh. 32, 90–92.

	 Lal RB, Yacob M. A note on an epidemic of cerebrospinal fever in a closed [21]
community. Indian Medical Gazette. 1935;70:252-57.

	 Amann RI, Ludwig W, Schleifer KH. Phylogenetic identification and in situ detection [22]
of individual microbial cells without cultivation. Microbiol Rev. 1995;59:143-69. 

	 Maiden MC, Bygraves JA, Feil E, Morelli G, Russell JE, Urwin R, et al. [23]
Multilocus sequence typing: a portable approach to the identification of clones 
within populations of pathogenic microorganisms. Proc Natl Acad Sci USA. 
1998;95:3140-45.

	 Claus H, Maiden MC, Wilson DJ, McCarthy ND, Jolley KA, Urwin R, et al. Genetic [24]
analysis of meningococci carried by children and young adults. J Infect Dis, 
2005;191:1263-71. 

	 Yazdankhah SP, Kriz P, Tzanakaki G, Kremastinou J, Kalmusova J, Musilek M, [25]
et al. Distribution of serogroups and genotypes among disease-associated and 
carried isolates of Neisseria meningitidis from the Czech Republic, Greece, and 
Norway. J Clin Microbiol. 2004;42:5146-53. 

	 Schoen C, Blom J, Claus H, Schramm-Glück A, Brandt P, Muller T, et al. Whole-[26]
genome comparison of disease and carriage strains provides insights into 
virulence evolution in Neisseria meningitides. Proc Natl Acad Sci. 2008;109:3473-
78. 

	 Prakash K, Lakshmy A, Malhotra VL. [27] Neisseria meningitidis: serotyping and 
subtyping by whole cell ELISA. Br J Biomed Sci. 1993;50:174-77. 

	 Negi S, Grover S, Rautela S, Rawat D, Gupta S, Khare S, et al. Direct detection [28]
and serogroup characterization of Neisseria meningitidis from outbreak of 
meningococcal meningitis in Delhi. Iran J Microbiol. 2010;2:73-79. 

	 Suri M, Kabra M, Singh S, Rattan A, Verma JC. Group B meningococcal [29]
meningitis in India. Scand J Infect Dis. 1994;26:771-73. 

	 National Centre for Disease Control. Meningococcal disease: need to remain [30]
alert. National Centre for Disease Control. Available from: http://www.ncdc.gov.in/
writereaddata/linkimages/OCT-NOV098132922884.pdf [accessed 15.10.2015]. 

	 Gorthi SP, Nagpal AK. Meningococcal Vaccine: which, when and for whom? [31]
Med J Armed Forces India. 2010;66(1):2-4.


