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Laboratorians working with infectious agents are at risk of laboratory-acquired 
infections as a result of accidents or unrecognized incidents. 

The degree of hazard depends upon the virulence and dose of the biological agent, 
route of exposure, host resistance, proper biosafety training, and experience with 
biohazards. 

Laboratory-acquired infections occur when microorganisms are inadvertently 
ingested, inhaled, or introduced into tissues. Multiple instances of laboratory 
acquired meningococcal infection have been reported with a case fatality rate of 
50%.

While laboratory-acquired H. influenzae and S. pneumoniae infections are not as 
extensively reported, deadly infections with any of these organisms are possible if 
appropriate biosafety procedures are not strictly followed in a properly equipped 
laboratory. 

Biosafety Level 2 (BSL2) practices are required for work involving these agents as they 
present a potential hazard to personnel and the environment. 

Laboratory methods for the diagnosis of meningitis caused by Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae. 
WHO manual – 2nd Edition



Safe Laboratory Handling of
Neisseria meningitidis

Borrow R, Findlow J, Gray S, Taylor S, Kaczmarski E. Safe laboratory handling of Neisseria meningitidis. J Infect. 2014 Apr;68(4):305-12. doi: 
10.1016/j.jinf.2014.01.003. 

The following requirements have been established 
for laboratorians working in BSL-2 facilities:



Detailed work planning 
BIO SAFETY CABINET

Plan the work in detail

Prepare the biological safety cabinet

Place materials and equipment

Carry out activities according to good practices

Remove materials and equipment

Decontaminate the biological safety cabinet



Laboratory code of pratice when working with N. meningidis

Laboratory security and access

Training and competency assessments

Equipment qualification

Personal protective equipment

Spillages (clinical infectious / potentially infectious )

Microbiological infectious / potentially infectious

Post – exposure monitoring

Immunisation

Borrow R, Findlow J, Gray S, Taylor S, Kaczmarski E. Safe laboratory handling of Neisseria meningitidis. J Infect. 2014 Apr;68(4):305-12. doi: 
10.1016/j.jinf.2014.01.003. 





Public Health England. The Green Book. Guidance: Chapter 12 Immunisation of healthcare and laboratory staff. Available at:
https://www.gov.uk/government/publications/immunisation-ofhealthcare-and-laboratory-staff-the-green-book-chapter-12 [last
accessed August  2021].





Guidance on regulations for the transport of infectious substances 2021-2022. Geneva: World Health Organization; 2021. Licence: 
CC BY-NC-SA 3.0 IGO. 
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Serogroups B, C, W, and Y are commonly associated with invasive 
meningococcal disease, and rapid diagnosis of the serogroup is key in 
monitoring the epidemiology of the disease and in developing prevention 
strategies

More than 100 different capsular types (serotypes) of pneumococci have been
reported, but pneumococcal conjugate vaccines (PCV) include polysaccharide
antigens against only 10, 13, 15 or 20 serotypes. It is therefore important to
track the emergence of serotypes due to the clonal expansion of non-vaccine
serotypes

There are six different H. influenzae serotypes (Hia, Hib, Hic, Hid, Hie and Hif), 
which each express a unique polysaccharide capsule, as well as nontypeable Hi 
(NTHi) strains, which lack capsule expression. Since the implementation of the 
Hib vaccine, the burden of Hib disease has decreased dramatically. However, 
NTHi and other non-b serotypes continue to cause disease, highlighting the 
continued need to monitor the distribution of Hi serotypes.

Jauneikaite E. et al. Current methods for capsular typing of Streptococcus pneumoniae. J Microbiol Methods. 2015 Jun;113:41-9. doi: 10.1016/j.mimet.2015.03.006; Harrison OB et al. 
Description and nomenclature of Neisseria meningitidis capsule locus. Emerg Infect Dis. 2013 Apr;19(4):566-73. doi: 10.3201/eid1904.111799; Jauneikaite E et  al. Current methods for capsular 
typing of Streptococcus pneumoniae. J Microbiol Methods. 2015 Jun;113:41-9. doi: 10.1016/j.mimet.2015.03.006.



Validation of bacterial killing

Borrow R, Findlow J, Gray S, Taylor S, Kaczmarski E. Safe laboratory handling of Neisseria meningitidis. J Infect. 2014 Apr;68(4):305-12. doi: 
10.1016/j.jinf.2014.01.003. 

Heating at 50°C for 1 h was found to be effective for killing
meningococci and samples while remaining effective for
agglutination, co-agglutination, latex kit testing, serotyping by dot-
blot ELISA and nucleic acid extraction. This was increased to 60°C for
60 min with retained effectiveness for the serological detection
assays. Other examples of adopting the precautionary principals are
the preparation of meningococcal suspensions for PCR or DNA
extraction, five minutes at 100°C had been shown to be effective but
this could be increased to 10 min with no detriment to performance
while adding to safety.



Rosenstein NE et al. N.Engl J Med 2001, 344 :1378-88

Capsular polysaccharide vaccines work for serogroups (e.g. A,C,W,Y) but don’t work 
for MenB

• MenB capsule is a self antigen

N. meningitidis cell surface components 



Schematic representation of the various facets 
of meningococcal typing 

Diggle MA, et al. Expert Rev Mol Diagn. 2006;6:79-87; 2. Jolley KA, et al. In: Frosch M, Maiden MCJ, eds. Handbook of 
Meningococcal Disease: Infection Biology, Vaccination, Clinical Management. 2006.
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Harrison OB, Claus H, Jiang Y, Bennett JS, Bratcher HB, Jolley KA, Corton C, Care R, Poolman JT, Zollinger WD, Frasch CE, Stephens DS, Feavers I, Frosch M, Parkhill J, 
Vogel U, Quail MA, Bentley SD, Maiden MC. Description and nomenclature of Neisseria meningitidis capsule locus. Emerg Infect Dis. 2013 Apr;19(4):566-73. doi: 
10.3201/eid1904.111799. PMID: 23628376



Proposed Nomenclature – Neisseria menigitidis

Harrison OB, Claus H, Jiang Y, Bennett JS, Bratcher HB, Jolley KA, Corton C, Care R, Poolman JT, Zollinger WD, Frasch CE, Stephens DS, Feavers I, Frosch M, Parkhill J, Vogel U, Quail MA, 
Bentley SD, Maiden MC. Description and nomenclature of Neisseria meningitidis capsule locus. Emerg Infect Dis. 2013 Apr;19(4):566-73. doi: 10.3201/eid1904.111799. PMID: 23628376



Determining the meningococcal 
serogroup by agglutination reaction -

Serogrouping

Laboratory methods for the diagnosis of meningitis caused by Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae. 
WHO manual – 2nd Edition



Serotyping and serosubtyping of Neisseria meningitidis
with monoclonal antibodies (Mabs)





Laboratory methods for the diagnosis of meningitis caused by Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae. 
WHO manual – 2nd Edition

Serogroup type capsule type and gene targets for genogrouping
real-time PCR assays



Serotyping of Streptococcus pneumoniae

More than 100 different capsular types (serotypes)
Staten Serum Institute, Denmark

Quellung reaction



Latex agglutination

+        -

Serotyping of Streptococcus pneumoniae



14    6   23F 19A 9VA 19F  3 15BC  18   17F 1      5    9NL 7FA  16F 8      2     4   20  22FA

7CB40 12 11AD 10A 23A 21 33FA37 15AF 35F47  13 39   23B 35AC42 38 35B 24 10FC33C  34 19Fv 31

6CD 6AB

www.cdc.gov/streplab/downloads/pcr-latin-amer-clinical-specimens.pdf

Reation 1 Reaction 2 Reaction 3 Reaction 4

Reaction 5

Reaction 4

Reaction 6 Reaction 8Reaction 7

Conventional PCR Deduction of 40 Pneumococcal 
Serotypes or Serogroups

http://www.cdc.gov/streplab/downloads/pcr-latin-amer-clinical-specimens.pdf


Real-time PCR Deduction of Pneumococcal 
Serotypes or Serogroups

Quadriplex real-time PCR identification of pneumococcal serotypes/serogroups. 
Forty-eight real-time PCR assays in 12 quadriplex reactions are available for 
detection of 64 serotypes as individual serotypes or small serogroups.

Triplex real time PCR identification of pneumococcal serotypes/serogroups. Twenty-
one real-tireal tme PCR assays are currently available for detection of pneumococcal 
serotypes or serogroups. 

Laboratory methods for the diagnosis of meningitis caused by Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae. 
WHO manual – 2nd Edition



Métodos de Sorotipagem de H. influenzae

Margareth Pittman, 1950

Serotyping of Haemophilus influenzae

The major antigenic determinant of capsulated isolates into six
capsular types ( a to f ) 

Determining the serotyping by agglutination reaction

Laboratory methods for the diagnosis of meningitis caused by Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae. 
WHO manual – 2nd Edition



Laboratory methods for the diagnosis of meningitis caused by Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae. 
WHO manual – 2nd Edition

Serotype capsule type and gene targets for genotyping real-
time PCR assays
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Recent IMD cases caused by a dual resistant serogroup Y suggest 
changing antimicrobial resistance patterns in the Latin America 
and the United States



Costa Rica National Reference Laboratory: reports of penicillin-
resistant and cefotaxime non susceptible Neisseria meningitidis



Disk Diffusion
Qualitative: S, I, R

MIC - Broth Dilution
Quantitative: µg/mL

MIC – gradiente strip test
Quantitative: µg/mL

Samanta Almeida – Instituto Adolfo Lutz

Antimicrobial Susceptibility Tests





Cusack et al. Time to switch form CLSI to EUCAST? A southeast Asian perspective. Clinical Microbiology and Infection 25 (2019) 782-785. 



Disk Diffusion Susceptibility Testing Process

Reagents for the Disk Diffusion Test

Testing Strains that Fail to grow Satisfactorily

Antimicrobial Disks

Inoculum Preparation for Disk Diffusion Tests

Inoculation of Test Plates

Application of Disks to Inoculated Agar Plates

Reading plates and Interpreting Results

CLSI. Performance standards for antimicrobial disk susceptibility tests M02-A12. 2015



Solvents and Diluents for Preparing Stock Solutions of Antimicrobial Agents

Preparing Solutions and Media Containing Combinations of Antimicrobial Agents

Preparing Stock Solutions for Antimicrobial Agents Provided With Activity
Expressed as Units

Preparing Dilutions of Antimicrobial Agents to Be Used in Broth or agar Dilution
Susceptibility Tests

CLSI. Performance standards for antimicrobial susceptibility testing – Ed31: M100. 2021

Broth or Agar Dilution Susceptibility
Testing Process



CLSI. Performance standards for antimicrobial susceptibility testing – Ed31: M100. 2021

Neisseria meningitidis



CLSI. Performance standards for antimicrobial susceptibility testing – Ed31: M100. 2021

Streptococcus pneumoniae



CLSI. Performance standards for antimicrobial susceptibility testing – Ed31: M100. 2021

Haemophilus influenzae



Zona Diameter and MIC Breakpoints 

CLSI. Performance standards for antimicrobial susceptibility testing – Ed31: M100. 2021



Detection of Ciprofloxacin-resistant, β-lactamase-producing
Neisseria meningitidis

José Eduardo Oliva Marín, Esmeralda Villatoro, María Jose Luna, Ana María Barrientos, Elmer Mendoza, Ana Paula S Lemos, Carlos H Camargo, Claudio T Sacchi, Marcos Paulo V Cunha, 

Marcelo Galas, Jean-Marc Gabastou, Emergence of MDR invasive Neisseria meningitidis in El Salvador, 2017–19, Journal of Antimicrobial Chemotherapy, Volume 76, Issue 5, May 2021, Pages
1155–1159, https://doi.org/10.1093/jac/dkab010

https://doi.org/10.1093/jac/dkab010
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