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NEISSERIA, HAEMOPHILUS AND BORDETELLA 

 
 
I. NEISSERIA
 

A. INTRODUCTION 
 

Neisseria are Gram-negative cocci.  There are numerous 
commensal and two pathogenic species. 

 
Neisseria meningitidis causes meningitis and septicemia.  Like, 
Neisseria gonorrhoeae, it sticks to mucosal cells (in this case the 
nasopharynx) by means of pili and other adhesins.  However, it has 
a polysaccharide capsule which allows it to avoid phagocytosis. In 
addition it has the remarkable ability to invade and multiply in the 
bloodstream and the central nervous system (CNS).  The 
lipopolysaccharide (endotoxin) of Neisseria meningitidis is a 
potent stimulator of inflammation resulting in the septic shock 
syndrome. 

 
Neisseria gonorrhoeae causes the sexually transmitted disease 
gonorrhea.  It produces an intense local and acute inflammatory 
process.  Some strains have virulence characteristics which 
promote bloodstream invasion.  Infection is initiated when the 
organism adheres to genitourinary epithelium mediated by pili and 
other surface proteins.  The organism exhibits genetic change by 
altering the protein structure of pili and by switching production of 
other adhesins on and off, thereby evading the immune response. 
 

B. MORPHOLOGY/STAINING 
 

1. Gram-negative "kidney bean" diplococci 
2. Endotoxic lipopolysaccharide complexed with protein in outer 

membrane 
3. Capsules and pili 
 

C. CULTURAL CHARACTERISTICS OF NEISSERIA 
 

1. Growth enhanced in CO2 
2. Fastidious species require enriched media (chocolate agar) 
3. OXIDASE POSITIVE 
4. Classification 
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Species 

 
   

Oxidation 
 
 

 
Blood agar Oxidase Glucose Sucrose 

 
Maltose Lactose 

 
N. gonorrhoeae 

 
- + + - 

 
- - 

 
N. meningitides 

 
+ + + - 

 
+ - 

 

 
II. NEISSERIA MENINGITIDIS 
 

A. ANTIGENIC STRUCTURE 
 

1. Polysaccharide capsule 
 

a. 13 serogroups.  A, B, C, Y, W-135 most important 
b. immunogenic except Group B 
c. Outer membrane proteins 
d. Lipopolysaccharide 

 
B. DETERMINANTS OF PATHOGENICITY 

 
1. Pili - attachment 
2. Polysaccharide capsule - bloodstream invasion and survival, 

possibly CNS penetration 
3. LPS - cell damage and systemic inflammation 

 
C. EPIDEMIOLOGY 

1. Cause of sporadic cases or small outbreaks in closed 
populations of children and young adults 

a. important cause of meningitis, sepsis and death 
2. Epidemics of Group A disease 
3. Transmission by respiratory droplets 

a. 1,000 fold higher attack rates in household contacts 
 

D. PATHOGENESIS 

Bactericidal activity against Neisseria requires the existence of complement. 
Persons with deficiencies of C5, C6, C7 or C8 of the complement system are estimated to be 
at 6000-fold greater risk for meningococcal disease and disseminated gonococcal disease. 
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1. Attachment - microvilli of nonciliated nasopharyngeal cells 
a. pilus-mediated in part 

2. Traverse cell in vesicle to submucosa           
3. Damage ciliated cells 
4. Bloodstream survival enhanced by antiphagocytic 

polysaccharide capsule 
5. Endotoxin mediated activation of complement leading to shock 

and hemorrhage 
6. CNS inflammation generated by cell wall peptidoglycan, LPS, 

other bacterial products and is mediated by IL-1 and TNF (host 
response) 

 
 

E. CLINICAL MANIFESTATIONS 
 

1. Respiratory colonization followed by overt disease or transient 
carrier state 

2. Meningitis 
3. Skin: petechiae → purpura 
4. Meningococcemia:  shock, hemorrhage and purpura, 

destruction of adrenals 
 

F. LABORATORY DIAGNOSIS 
 

1. Gram smear-   Cerebrospinal fluid (CSF) 
2. Cultures-   CSF, blood, skin 
3. Cultures – Oxidase positive, oxidize glucose and maltose 
4. Nonselective media (blood or chocolate agar) 

a. Growth enhanced in CO2 
 

G. TREATMENT 
 

1. Penicillin - resistance RARE 
2. Newer cephalosporins, chloramphenicol 

 
H. PREVENTION 

 
1. Chemoprophylaxis - HOUSEHOLD CONTACTS with 

rifampin, ciprofloxacin 
2. Vaccine - Polysaccharides from Group A, C, Y, W-135 

conjugated to diphtheria toxoid for all adolescents age 11-12 
and for at risk adults 
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III. NEISSERIA GONORRHOEAE 
 

A. ANTIGENIC STRUCTURE 
 

1. Pili - polymers of repeating protein 
2. OMP I - Outer membrane protein I (Por proteins) – Porin 

a. Pores (channels) in organism 
b. Prevent neutrophil degranulation (phagolysosome 
fusion) 
c. Facilitates epithelial cell invasion 
d. Surface expression confers resistance to complement-
mediated serum killing 
e. major antigen used in serotyping 

3. Opa - adherence proteins confer opaque appearance to colony 
which results from Opa-mediated adherence between cells 

4. Other proteins, polysaccharides are of unknown significance 
 

B. ANTIGENIC DIVERSITY 
1. Pili - extraordinary variability – Antigenic variation 

a. Genetic recombination by transfer of variable 
sequences form unexpressed (silent) loci, pilS to 
expression locus, pilE 

b. Also recombine with pilin sequences of transformed 
DNA from other species 

 
2. Opa 

a. As many as 11 different Opa genes throughout the 
genome 

b. Switch on and off one or more Opa genes by varying 
length of 5 nucleotide leader sequence 

(i) (CTCTT)n repeats within signal sequence        
encoding region of Opa genes.   

(ii) Alteration in number of the repeats causes 
translational frame shift which turns on or 
off expression. 

 
3. LOS - Lipooligosaccharide 

a. variation in expression of core sugars 
b. Can be sialylated (addition of N acetylglutamic acid) 

which confers serum resistance, i.e., resistance to 
complement mediated serum killing. 
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C. EPIDEMIOLOGY 
1. Mucosal transmission (genital, mouth, anus, eye) by direct 

contact 
2. High rate among adolescents and young adults 
3. Reservoir - asymptomatic (50% women, 5+% men) 
4. Risk of infection = 20 - 50% per contact 

 
D. PATHOGENESIS 

 
1. Attachment - two important ligands 

a. Pili - urethral and vaginal epithelium,  nonciliated 
fallopian tube epithelium, sperm, neutrophils 

b. Opa proteins - cervical and urethral epithelium, other 
gonococcal cells 

c. Genetic variation of ligands evades immune responses 
2. Invasion and damage 

a. Epithelial cell invasion involves OMP I and other outer 
membrane proteins 

b. Epithelial cell invasion has been demonstrated in 
salpingitis, but role in uncomplicated mucosal infection 
not demonstrated 

c. Lipopolysaccharide and peptidoglycan fragments incite 
inflammatory response 

d. Tissue damage involves local inflammatory responses, 
esp. neutrophils 

3. Spread to deeper structures 
a. Prostate, epididymis and paracervical glands by direct 

extension 
b. Possibly carried by sperm to fallopian tubes 
c. Serum resistant strains invade the bloodstream and 

disseminate to skin, joints 
 
4. Immunity not complete 

a. Antigenic variation mentioned above 
b. Resist phagocytosis (Opa and pili) 
c. Bind neutrophil provided lactoferrin, thus providing 

iron for growth 
d. IgA 1 protease 

5. Evade serum antibody and complement mediated killing 
a. LOS sialylation 
b. bind "blocking antibodies" to Rmp –Reduction 

modifiable protein 
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E. CLINICAL MANIFESTATIONS 

1. Incubation – 2-5 days 
2. Local 

a. Urethritis 
b. Cervicitis 
c. Prostatitis and pharyngitis - often asymptomatic 
d. Conjunctivitis 

3. Pelvic inflammatory disease – 10-20% of women 
4. Disseminated gonococcal infection – 1-3% women>men 

a. Arthritis 
b. Dermatitis 
c. Endocarditis, meningitis – rare 

5. Rare: perihepatitis, conjunctivitis, pharyngitis, proctitis 
 

F. LABORATORY DIAGNOSIS 
 

1. Gram stain 
a. 95% sensitive in men 
b. 50 - 70% sensitive in women 

2. Culture 
a. Fastidious, requiring chocolate agar and enhancedCO2 

(i) Martin Lewis agar contains antibiotics to 
select for Neisseria gonorrhoeae 

b. Oxidase positive. Oxidize glucose, NOT maltose 
3. Gene amplification used for direct detection from clinical 

specimens 
a. Urethral, Cervical, Urine, etc. 

 
G. TREATMENT 
 

1. Ceftriaxone - single dose (NO ORAL TREATMENT) 
2. PLUS azithromycin (single dose) or Doxycycline (7 days) for 

co-infection with Chlamydia trachomatis 
3. Penicillin resistance - two types 

a. decreased affinity for penicillin of penicillin-binding 
proteins 

b. Plasmid mediated TEM-type β-lactamase (PPNG) 
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HAEMOPHILUS AND BORDETELLA 
 
Haemophilus and Bordetella are small, gram-negative coccobacilli with complex 
nutritional growth requirements.  They are an important cause of human 
respiratory tract infections. 
 
I. HAEMOPHILUS 
 

A. Introduction 
 

1. Haemophilus species are small, Gram-negative coccobacilli 
which are found in the respiratory tract.  The major human 
pathogen is Haemophilus influenzae which may be 
encapsulated and can invade and cause a variety of systemic 
infections including bacterial meningitis.  The widespread use 
of an effective childhood vaccine has greatly reduced the 
number of serious infections with this pathogen.  Other 
haemophilus species producing disease are H. parainfluenzae, 
H. aphrophilus, H. aegyptius and H. ducreyi. 
 

II. HAEMOPHILUS INFLUENZAE 
 

A. Structural Characteristics of Haemophilus influenzae 
 

1. Morphology/Staining 
a) Short (0.5-1.5μm) Gram-negative coccobacilli 
b) Nonmotile, nonspore-forming 

 
2. Classification 

a) Serotypes a-f  by polysaccharide capsule 
b) Biotypes using three biochemical reactions 

(i) Used for epidemiology 
c) Biogroups 

(i) H. influenzae biogroup aegyptius causes 
Brazilian purpuric fever 
 

3. Antigenic structure, Determinants of pathogenicity 
a) Polysaccharide capsule 

(i) 6 types - a-f 
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(ii) type b - polyribitol phosphate (PRP) Major 

virulence factor 
(iii) anticapsular antibody is protective 

b) Pili         
c) Outer membrane proteins (HMW1, HMW2) Both 

adhesins esp for the non-typable  
d) Endotoxin - local and systemic toxicity 
 
 

B. Epidemiology 
 
1. Major cause of childhood invasive infection and meningitis 
through 1986 
2. 94% decline following widespread use of protein conjugated 
type b vaccine 

a) 23 cases reported in 2010 
b) Remains a common cause of serious disease and 

mortality in children in underdeveloped countries 
3. Peak incidence:  6 months - 2 years 
4. Meningitis, septicemia, cellulitis occur < 2 year age 
5. Epiglottitis, pneumonia occur 2-5 years age 
6. Most adults are immune 
7. Risk in unimmunized household contacts under 4 years of age 

is 500 times that of unexposed 
a) Rifampin prophylaxis 

8. Unencapsulated H. influenzae commonly colonize the upper 
airway, rarely cause invasive disease, but are common causes 
of sinusitis, otitis media and exacerbations of chronic 
bronchitis 

 
C. Pathogenesis 

1. Transmitted by respiratory droplets  
2. Adhere by pili and other adhesins 
3. Transcytoses cultured epithelial cells like Neisseria 
4. Encapsulated strains invade the bloodstream 
5. Endotoxin contributes to local and systemic inflammation 
 

D. Clinical Manifestations
1. Type b 

a) Meningitis - children <2 years 
b) Epiglottitis - children 2-4 years  
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(i) Acute cellulitis of supraglottic tissue 
(ii) Sudden onset of fever, sore throat, cough, 
(iii) stridor, epiglottis red and swollen 

c) Cellulitis - children 2-4 years 
(i) Purplish, erythematous swelling involving 
(ii) cheek, periorbital area 
(iii) Fever and toxicity 

d) Arthritis 
 

2. Unencapsulated 
a) Otitis media 
b) Acute and chronic sinusitis 
c) Bronchitis - esp. as exacerbation of Chronic Obstructive 

Pulmonary Disease 
 

3. Brazilian purpuric fever (H. influenzae biogroup aegyptius) 
a) Conjunctivitis which may progress to fever, petechiae, 

purpura and shock 
b) High mortality 
 

E. Laboratory Diagnosis 
 

1. Gram stain - CSF, joint
2. Culture - chocolate agar 
3. Nonmotile, non-sporeforming 
4. Require complex growth factors from blood 

a) X factor (Hematin) 
b) V factor (Nicotine adenine nucleotide – NAD) 
c) Both supplied by lysed blood (chocolate agar) and not 
whole blood 
 

F. Treatment 
 

1. Ampicillin, cephalosporins (second and third 
generation),tetracycline, new macrolides (clarithromycin, 
azithromycin), fluoroquinolones, 
trimethoprim/sulfamethoxazole are all active 

2. 25-50% of strains produce -lactamase (ampicillin resistant) 
 

G. Prevention 
 

1. Vaccine - purified PRP - conjugated to either diphtheria 
toxoid, N. meningitides OMP, or tetanus toxoid 

a) T-cell dependent antigens 
2. Incidence of invasive Hib disease has dropped 94% between 

1986 and 1995 
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3. Universal immunization beginning at age 2 months 
4. Chemoprophylaxis with Rifampin given to household, day care 
contacts 

 
H. OTHER HAEMOPHILUS SPECIES 

 
1. Respiratory - Haemophilus parainfluenzae 
 
2. Conjunctivitis - H. aegyptius  

 
3. Endocarditis - H. aphrophilus, H. parainfluenzae 
 
4. Chancroid - H. ducreyi.  Sexually transmitted disease; painful 

genital ulcer with lymphadenopathy.  Open sores enhance risk 
of transmission of HIV. 
 

5. Classification 
 

 
Species  X V    Hemolysis  CO2   Capsule 
 
 
H. influenzae  + +  -    -      a-f  
(encapsulated) 
 
H. influenzae  + +  -    -         -   
(nonencapsulated)  
 
H. parainfluenzae - +  -    -         - 
 
H. aphrophilus  - -  -    +         -   
 
H. ducreyi  + -  -    -         -   
 

 
III. BORDETELLA PERTUSSIS 
 

A. INTRODUCTION 
 

1. Bordetella are tiny, aerobic, Gram-negative coccobacilli that 
are found in the respiratory tract.  They are responsible for 
pertussis, a prolonged illness characterized by severe cough.  
Three closely related, genetically identical species, B. 
pertussis, B. parapertussis (milder forms of pertussis), and B. 
bronchiseptica (respiratory disease in animals—rarely in man) 
are found in humans. 
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B. Morphology/Staining 
1. Gram-negative coccobacilli (0.5-1.0µm) 

 
C. Structural composition and virulence determinants 

1. No capsule 
2. Adhesins 

a) Pertactin 
b) Filamentous hemagglutinin (Fha)  

(i) Bind to integrins on membranes of ciliated 
respiratory cells 

(ii) Both bind to CR3 a glycoprotein on 
macrophages that promotes phagocytosis 
without a respiratory burst 

(iii) Promotes intracellular survival 
c) Pili 

3. Pertussis toxin (PT) - Major virulence factor 
a) AB subunit - A - S1 enzymatic, B – S2-S5 binding 

subunits 
b) A catalyzes ADP (from NADP) ribosylation of a 

cellular regulatory protein (G- protein) which prevents 
inactivation of activated adenylate cyclase 

(i) Biologic effects of PT include: 
increasedrespiratory secretions and mucus 
production and lymphocytosis 

c) B subunits bind to receptors on ciliated respiratory cells 
and phagocytic cells 

4. Adenylate cyclase toxin 
a) Causes increased cAMP levels in host cells 
b) Interferes with chemotaxis and superoxide production 

of leukocytes 
5. Tracheal cytotoxin – fragment of peptidoglycan that causes 

extrusion of ciliated respiratory epithelial cells 
 
6. Dermonecrotic toxin – causes ischemic necrosis

7. Endotoxin  (lipopolysaccharide) 
 

D. Genetic regulation 
1. B. pertussis virulence gene bvg regulates transcription of other 

virulence genes for PT, adenylate cyclase toxin, Fha, pili, 
dermonecrotic toxin and others 

2. bvg has membrane spanning sensor Bvg S which responds to 
environmental signals and phosphorylates Bvg A 



Mechanisms of Human Disease                                          Haemophilus, Bordetella and Legionella  
Wednesday, October 17,2012 – 9:30 am                                                              Paul O'Keefe, M.D. 

 12

3. Bvg A binds to DNA and promotes transcription of the 
virulence genes 

 
E. Epidemiology 

1. Spread by airborne droplets, highly infectious 
2. Subclinical or clinical disease in adults who serve as significant 

reservoir 
3. Incidence increased when immunization rates decrease or with 

waning immunity in adolescents and adults 
 

F. Pathogenesis 
1. B. pertussis attaches to ciliated epithelial cells by adhesins 
2. Tracheal cytotoxin and possibly other toxins destroy ciliated 

cells, extrude them from border 
3. Adenylate cyclase exerts inhibitory effects on phagocytic cells 
4. Pertussis toxin produces systemic manifestations including 

lymphocytosis as well as enhanced mucus production 
contributing to cough 

5. Lipopolysaccharide – stimulates cytokine release 
 

G. Clinical Manifestations 
1. Incubation 7-10 days
2. Catarrhal stage - rhinorrhea, fever, sneezing, anorexia 
3. Paroxysmal cough - up to 50 times a day for 2-4 weeks. 

Inspiratory whoop, vomiting, mucoid secretions, marked          
lymphocytosis 

4. Convalescent stage - cough gradually fades 
5. Complications - pneumonia (S. pneumoniae), atelectasis, 

convulsions, hemorrhage 
 

H. Laboratory Diagnosis 
1. Strict aerobe, non-motile 
2. Slow growing – 3-7 days 
3. Specialized media – charcoal blood agar 

a) Isolation of B. pertussis from nasopharyngeal aspirate 
(wash) 
b) Greatest number of organisms found in early stage 

4. Antigen detection from nasopharyngeal smears by direct 
immunofluorescence 

5. PCR performed in Public Health and reference laboratories 
 

I. Treatment 
1. Erythromycin (Azithromycin) useful in early stage
2. Supportive treatment important 

 
3. Prevention 
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a) Universal vaccination combined with diphtheria and 
tetanus toxoids 

b) As of spring 1997, the ACIP recommends use of DTaP, 
which contains one of the acellular pertussis vaccines, 
made from purified, detoxified pertussis toxin (PT), 
filamentous hemagglutinin (Fha), Pertactin (Pn), and 
fimbriae types 2 and 3 (Fim) 

c) These preparations should replace the killed, partially 
purified, whole cell vaccines (DPT) which were 
associated with side effects of pain, fever, and rash and 
to which a host of possible neurological reactions were 
attributed  

d) In order to reduce the incidence of pertussis in adults, 
one dose of vaccine containing a reduced amount of 
pertussis antigens, Tdap, is recommended for all adults  
in place of a routine (every 10 years) Td.  

J.  
 

 
 


