
Disease Information:
Life Cycle: A bacteria cell enters the body 

through air or bodily contact. The cell then 

enters the bloodstream, heads to attack the 

membrane around the brain and spinal cord 

(location of cerebrospinal fluid), and 

replicates via binary fission (Meningitis 

Research Foundation of Canada, 2017). The 

genome of bacterial meningitis is circular 

plasmid DNA with 2208 genes (Neisseria 

meningitis, 2017), and the bacteria exchanges 

genetic information by transporting DNA 

fragments into its cell wall and then 

cytoplasm to include it in the bacterial 

genome. In meningitis, this often occurs in 

the nasopharynx (Chaguza, 2015). 

Evolution: As a result of evolution, some 

mutations have occurred in resistance to 

penicillin. The bacteria could also mutate in 

response to other antibiotics. The age of 

onset has also increased greatly over time 

from 9 months to 25 years (Scheld, 2002). 

N. meningitidis Serogroup A Strain NMA510612 

Genome: 

• 2,188,020 base pairs and 51.5% G+C 

Content (Zhang, 2014)

Virulent Isolate of S. Pneumoniae Genome:

• 2,160,837 base pairs and 39.7% G+C 

content (Herve, 2001)

Serotype 4 strain ATCC BAA-334 / TIGR4): 

2,109 proteins (European Bioinformatics 

Institute, 2017)

Current Work in the Field:

• Currently, not a lot of options for vaccinating 

against meningitis B, there are only two options 

that are monopolized so vaccinations are 

reaching $300.

• So few cases per year in the United States, (less 

than 300 according to the CDC and less by 

experts) that research wasn’t largely necessary. 

Recent campus outbreaks changed the financial 

outlook for drugs and vaccines leading to where 

we are now (Luthra, 2017).

• Recent studies show Meningitis does not change 

or adapt when entering the bloodstream on 

route to membrane around the brain/spinal cord 

and cerebrospinal fluid (Lees, 2017).

• It has been observed that there aren’t post-

invasion adaptations in coding regions. “In S. 

Pneumoniae sixty seven percent of paired 

samples were identical while N. Meningitidis had 

a similar distribution but had a higher number of 

variants”. For S. Pneumoniae there were “36 

mutations in 31 sample pairs… occurring in only 

5 percent of samples” so adaptation due to 

variation is rare. Also there isn’t proof of 

repeated adaptations in phase regions as was 

previously believed occurring in certain alleles, 

however it wasn’t observed in clinical trials, 

ruling out picking certain alleles (Lees, 2017).

Mode of Infection:
Overview

• Bacteria invade the Central Nervous System from the bloodstream 

• Enters the subarachnoid space, bacteria replicates, destroys cells with own enzymes, causes 

inflammation 

• Hallmark of meningitis = leukocyte presence in the cerebrospinal fluid (Hoffman, 2009) 

Streptococcus Pneumoniae

• Bacteria adhesins bind to same epitope as endothelial laminin receptor 

• Meets Blood Brain Barrier vascular endothelial cells 

• Crosses tight junction of endothelial cells into the cerebrospinal fluid 

• Bind to vascular wall and resist blood flow and increase growth factor to move bacteria into 

the brain from the blood (Henriques-Normark, 2013)

Neisseria Meningitidis 

• Bacteria invades host at internal organ membranes 

• Endotoxin binds to host receptors, activates immune system, and causes inflammatory 

cytokine release)

• Adhesins bind to epithelial cells and move through skin layers and facilitate DNA uptake 

(Rouphael, 2012)

• Adhesion relocates cadherins that hold together tight junctions to cross the endothelial 

barrier (Coureuil, 2017)

Relevance to Coursework
• Connection: cellular structure/function, 

nature of enzymes, bacteria characteristics, 

protein synthesis

• According to a study by Frere (1977), these 

antibiotics include all forms of penicillin and 

cephalosporins which contain a chemical 

structure called a beta lactam ring. 

• Beta lactam rings bind to enzymes that cross-

link (a term we learned in class that means 

binding one polymer chain to another) 

peptidoglycans (Frere, 1977). 

• Peptidoglycans are polymers that form the cell 

walls of bacteria. Another thing we learned in 

lecture is that bacterial cells contain cell walls 

for structure. 

• The enzymes that assist in synthesis of 

bacterial cell walls are called Penicillin 

Binding Proteins (Zapun, 2008). 

• Beta lactam antibiotics interfere with the 

PBPs, preventing bacterial cell wall synthesis 

from occurring and exposing the bacterial 

meningitis to the immune system.

• Purpose of cell walls in bacteria (stabilization 

when a cell participates in osmosis) and 

relation to our osmosis lab: in gram-positive 

bacteria that have high internal osmotic 

pressure, when the cell wall is compromised 

by the interference of beta lactam rings 

(Frere, 1977) it becomes exposed to a 

hypotonic solution (or low osmotic pressure), 

causing the cell to burst. 
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Fig. 1 These histograms show the number of 

variants between a blood/CSF sample pair for 

both pathogens. There were 674 pairs analyzed 

for S . Pneumoniae and 195 for N . Meningitidis. 

452 of the 674 for S . Pneumoniae were identical

(Lees, 2017). 

Transmission:

• Direct droplet 

transmission 

• N. Meningitidis is

highly contagious 

• Cough/sneeze

• Kiss (Rouphael, 

2012) 

Treatments:

• Vaccines 

• Empiric therapy 

• Antibiotics 

• For penicillin-susceptible strains = penicillin G and 

ampicillin treatment 

• Cephalosporins 

• Adjunctive dexamethasone therapy (Smith, 2005)

This image 

shows the 

interaction of 

the bacteria 

with the blood-

brain barrier 

(Kim, 2016).

Prognosis:

• Tissue damage in the nervous system 

• Learning disabilities

• Hearing loss

• Kidney failure 

• Paralysis (Brody, 2001) 

Symptoms: 

• Headache/fever/vomiting 

• Meningismus (neck stiffness) 

• Photophobia 

• Phonophobia 

• Change in mental state (Brody, 2001) 

Bacterial Meningitis
Ellora Majumder, Kristen Bell, Mitch Bayer, and 

Layne Woodruff

http://www.nytimes.com/2001/09/04/health/personal-health-lowering-the-risk-of-bacterial-meningitis.html
http://www.aafp.org/afp/2005/0515/p2003.html

