
The first portion of this section will deal 
with infectious diseases by various body 
systems. This will then be followed by 
descriptions of the major pathogens 
encountered in each body region, with 
particular attention being paid to those of 
major incidence in the United States of 
America. 
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RESPIRATORY TRACT MICROBIOLOGY 

'The respiratory tract has an enol1lDus norrral flora, which extends fran 
the lips to the larynx. The bronchial tree distal to the larynx is usually 
considered sterile, although microbial agents are continuously impinging upon 
those surfaces as well. 'They nonrally do not colonize, however, and are 
rEmOved l::y the mucociliary blanket as it propels up..vard fran the bronchioles. 
'Thus factors that interfere with secretory processes or ciliary action will 
predispose the host to infections in the lower respiratory tract. 

Normal Flora 

Most of the agents are potential pathogens. Some only express 
their pathogenicity in immunological campranised hosts; (for example, 
Pneumxystis carinii in AIDS patients); others cause disease -when they gain 
access to areas of the body more susceptible to their deleterious effects. 
Exarrples of the latter include Neisseria meningitidis, and Staphylococcus 
aureus. 'The most comronly encountered microorganisms are enumerated J:::elow. 

Microbial Agents Found in the Upper Respiratory Tract 

PROTOZOA 
Entam:Jeb3. 
Tricharonas 
PneuITlcx:::y'Stis 

BACTERIA 
Streptococcus 
Staphylococcus 
Neisseria 
Corynemcterium 
Haerrophilus 
Klebsiella 
Pseudaronas 
11Ycoplasrra 

FUNGI 
Candida 

VIRUSES 
Adena 
Herpes 
Rhino 
RED 

It is perhaps permissible to consider all nor.mal flora as agents 
responsible for inapparent infections, as they have colonized the tissues 
and are multiplying without causing discanfort to their host. In fact in sane 
instances they nay J:::e of J:::enefit, as they will limit the growth rate of less 
desirable inhabitants either through elaboration of products antagonistic to 
the other microJ:::es or l::y successful competition for nutrients. Individuals on 
broad spectrum antibiotic therapy often experience thrush, a disease 
resultant from modification of the flora is caused by Candida albicans 
(Candida are resistant to the usually antibiotics). 

The vi:ruses represent a some"What different type of inapparent 
infection in that they grow within the cells and may cause some very 
localized tissue destruction. RED (Respiratory Enteric Orphan) viruses are 
readily isolated fran the upper respiratory tract but have not J:::een 
convincingly associated with any pathological process. The adenovi:ruses 
were first isolated from nonnal adenoidal tissues; however, most human 
serotypes are not associated with disease processes. Herpesvi:ruses are 
sometimes referred to as latent vi:ruses in that they persist in the host 
after an initial infection and recurrent clinical disease nay J:::e elicited l::y 
various environmental and/or hormonal stimuli. 
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Disease Spectrum 

Acute respiratory diseases afflict 200 million people in the United 
States each year. The clinical pictures that are nanifested in the 
respiratory tract are extremely variable. The diseases may be characterized 
as to clinical course, pathologic process or anatcrnic location. As a general 
rule, upper respiratory tract infections are acute processes with short 
incubation periods and relatively rapid clinical courses; whereas lower 
respiratory diseases of microbial etiology may be either acute (e. g. , 
pnetmlOCoccal pneurronia) or chronic, such as Il¥"cotic infections or 
tuberculosis. Chronic diseases are characteized by the developnent of 
granulomas, in which the predcrninate cellular response is mononuclear. 
Polymorphonuclear leukocytes are the cells that are usually found in acute 
infectious processes. The most carmon microbial etiologies of respiratory 
disease are presented below. 

Common Agents of Upper Respiratory Infections 

Clinical Bacteria Viruses Fungi 
Illness 

Rhinitis Rhinoviruses1 

Stomatitis Herpes Candida 
simplex albicans 

Otitis media and Streptococcus 
Sinusitis pneumoniae 

Haarophilus 
influenzae 

Otitis externa Pseudomonas Aspergillus 

Epiglottitis Haemophilus 
influenzae 

pharyngitis and Streptococcus Adenoviruses Candida 
'Ibnsillitis pyogenes albicans 

Laryngotracheitis Parainfluenza 
(croup) 

Bronchitis Haarophilus Parainfluenza 
influenzae Respiratory 

Bordetella syncytial 
pertussis in virus 
young children Adenoviruses 

1. The most carmon agent in each illness category is in lx>ld face 
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Pneumonia 

Pneuronia (pneuronitis) is defined as any inflarrItlCl.tion of the lung 
parenchyma diistal to the bronchioles. It nay involve the air sacs with 
exudation into the alveoli or it nay be seen as an interstitial lesion, which 
is the case with most of the viral agents. Bacterial pneuronias are the 
leading cause of mortality due to infection in the United States, being 
responsible for over 70, 000 deaths per year. Many of the etiologic agents are 
norrral flora of the nasopharynx. Klebsiella pneurroniae, for exarrple, is a 
significant cause of pneuronia in alcoholics although it causes very little 
clinical disease in individuals with a more intact respiratory apparatus. 
Many severe diseases result frc:m secondary recerial invasion following viral 
infections or whooping cough. The etiology varies with the age of the 
patient; this is surrrnarized below. 

Most Common Causes of Pneumonia 

Age 
o - 1 month 
1 month - 1 year 
1 - 5 years 
5 - 30 years 

Over 30 years 
D:iliilitated 
AIDS at any age 

Microorganism 
Group B streptococci and E. coli 
Respiratory Syncytial virus (RSV) 
Parainfluenza virus 
Mycoplasrra (Influenza virus 
epidEmics) 
Streptococcus pneurroniae 
Klebsiella pneurroniae 
Pne!.ETKJCYstis carinii 

Viral pneuronias usually take a rruch more l::a1ign course; they are often 
referred to as "walking pneuronia," meaning the patient is still ambulatory. 
Differences in recterial and viral pneuronias are surrrnarized below. 
MYcoplasma. pneurroniae, Coxiella burneti, and Chlarqydia psittaci cause a 
similar mild disease. Many of the differences in syrrptc:ms relates to the fact 
that the viruses and rrvcoplasrra cause an interstitial pneuronitis while most 
recterial agents are inhabiting the alveoli and bronchial tree with resultant 
inflarrItlCl.tory exudation (i. e., sputum) into the airways 

Characteristic 
Age of Pt. 
Onset 
Fever 
Cough 
Microbial Site of 
Replication 
Sputum 
Elevated WOC 
Chills 
Pleuritis 
TadwPnea 
Tachycardia 

Clinical Differentiation of Pneumonias 

Bacterial 
.Adult 
SUttien 
High 
Prcx1uctive 
Airways 

Copious; purulent 
Camon 
Camon 
Camon 
Camon 
Camon 
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Viral 
Child 
Gradual 
Mcderate 
Dry 
Interstitium 

Mcderate; rrucoid 
Rare 
Rare 
Rare 
Rare 
Rare 



Complications of Bacterial Pneumonia 

The organisms may spread contiguously to involve the pleural space 
causing pleuritis or arpyerm (recteria and WBC in the pleural space). If the 
organisms becane hermtogenous they can cause septicEmia or may localize in 
various organs and cause disease there (e.g., meningitis, arthritis, etc.) 

Immunity 

The major protective irrmune response is hurroral and antilxxlies act 
primarily via their opsonic ability. Many of the agents are encapsulated and 
the IgG and IgM neutralize the anti-phagocytic properties of these 
carrohydrates. Pn.eumJvax is a mixture of capsular carrohydrates fran 23 
serotypes of S. pneumoniae. It is presently reccmnended for patients 
particularly susceptible to pneurrococcal disease because of age, underlying 
disease (e.g. sickle cell disease) or immune deficiency. 

Diagnosis of Bacterial Pneumonia 

A Gram stain can te valuable as an early guide to therapy. Also the age 
of the patient should te taken into consideration. Sputum samples should te 
plated on blood-containing rredia (blood agar or chocolate agar). A good 
sputum specimen will contain PMNs and a relatively pure microbial population; 
samples fran the upper respiratory tract ( saliva) will have numerous squarrous 
epithelial cells and a variety of microtes present. Antibiotic sensitivity 
should te done on the microorganism isolated fran the sarrple. 

Therapy for Pneumonias 

The patient should te treated with aspirin to help with the fever and 
discanfort; oxygen and external cooling may also te required. The follaNing 
are drugs of choice for the agents listed (these same antibiotics could te 
used for treatment of infections caused 1::¥ the same organisms in other parts 
of the bXly) . 

Streptococcus 
Staphylococcus 

M'Ycoplasrra 
Legionella 
ChlaIT¥dia 
Escherichia 
Klebsiella 

Respiratory 
syncytial virus 

Influenza virus 
Pneumocy'Stis 

penicillin 
penicillinase-resistant teta lactam 
antibiotic 

(EG., Oxacillin, Methicillin; 
methicillin- resistant S. aureus 
(MRSA) can be treated with 

Vancarvcin 
Erythrarvcin 
Erythrarvcin 
Erythromycin or tetracycline 
3rd generation cephalosporin 
3rd generation cephalosporin plus an 

aminoglycoside 
Ribavirin via aerosol 

Arrantadine 
TrDnethoprDn plus sulfamethoxazole 
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SEPSIS 

The terms l::acteremia and septicemia are sanetimes used 
interchangeably. Transient l::acteremias occur every day. When it 
becanes clinically noticeable then it is usually called a septicemia. 
Septicemia is the 13th leading cause of death in the United States. 

Predisposing Factors 

Pr:i..rra:ry conditions that can lead to septicemia include urinary 
tract infection, b.rrns, prolonged intravenous therapy and septic 
arortion. Underlying diseases that predispose to septicemia and shock 
include AIDS, leukemia, diabetes, cirrhosis, and sickle cell anemia. 

Symptoms 

Fever may be the only clinical manifestation of septicemia; it is 
usually associated with chills, rnalaise, sweating, headache, ab:1cminal 
pa.in, :mYalgia and arthralgia. 

Splenanega.ly is a corrmon presentation. There is a particular 
syndrome that is associated with meningococcemia, i.e. the 
Waterhouse-Friderichsen syndrome (adrenalcortical necrosis) . 
These pa.tients also usually have a petechial rash. Many infectious 
agents can cause disseminated intravascular coagulopa.thy (DIC) and 
septic shock with associated hypotension. 

Hematogenous dissemination can result in secondary foci of 
infection in the rns, cardiovascular, and renal tissues; arthritis rnay 
also occur. 

Etiologies of Septicemia 

Group B streptococci and E. coli predominate in the neonatal 
period. Pneumococcus and Neisseria meningitidis are among the 
most corrmon in children. Staphylococci and enteric l::acteria occur in 
patients who acquire l::acteremia in hospitals. 

The most cammon cause of septicemia in asplenic or sickle cell 
patients is Streptococcus pneumoniae. Staphylococci are the main 
cause of septicemia follcwing a surgical procedure. 

Escherichia coli is the most corrmon cause of gram negative 
l::acteremia/septicemia; the origin of the microbe is the Gl or GO tract. 
The signs/symptoms include shaking and chills, prostration and 
hypotension (LPS shock). Gram negative organisms can also be introduced 
l:y needle. 'This is an etiology that might be expected in an IV drug 
user. The most cammon agent here is also Escherichia coli. Other 
etiological agents of Gram negative l::acteremia include Klebsiella, 
Pseudanonas, and Proteus. The most canon cause of Gram negative 
septicemia in a burn patient is Pseudaoonas. If the patient is an 
army recruit the organism would be Neisseria meningitidis. 
Carplications of l::acteremia and septic shock include; meningitis, 
dissEminated infection, and endotoxin shock. 
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Diagnosis of Bacteremia/Sepsis 

Fever and hypotension are the biggest clues for diagnosing 
bacteremia. The recc:mnendation is to do repeated blood cultures 
throughout a 24 hour period at 4 hour intervals. Serial blood cultures 
of 10-15 ml should be drawn during febrile periods. 

Therapy of Bacteremia/Sepsis 

Since this is a rapidly evolving condition, aggressive 
intervention is needed to avoid having the patient die. Gram stain of 
purulent exudate rna.y help determine the portal of entry and VJhat the 
agent might be. Antibiotic susceptibility testing should be done. Use 
the intravenous route and continue therapy two weeks. 

Endocarditis/Myocarditis 

Staphylococcus aureus is the most CorrrrDn cause of acute 
bacterial endocarditis in normal heart tissue. The organisms that 
causes subacute bacterial endocarditis (SBE) are viridans 
streptococci. These organisms attack previously damaged heart 
tissue. This usually infects secondarily to a previous infection. Sane 
of the predisposing factors are Rheumatic Heart Disease, valvular damage 
or prosthetic valves. La1::x:>ratory diagnosis of SBE depends on 
demonstration of alpha hemolytic streptococci that are not inhibited ty 
optochin. 

Coxsackie group B viruses are the most common viral cause of 
~arditis. They also cause pleurodynia characterized py fever and 
severe pleuritic chest pain. Group A Coxsackie viruses are prirna.rily 
associated with herpangina VJhich is characterized py fever, sore throat, 
and tender vesicles in the oropharynx. 

Septic Arthritis/Osteomyelitis 

The same agents that predominate in neonatal pneumonias and 
meningitides are also seen in these consequences of septicemia, i.e. 
group B streptococci and E. coli. In older infants and children 
to the age of five Haemophilus influenzae type b is found most 
frequently as a cause of septic arthritis; this will likely decline as 
the vaccine becomes more widely used. Staphylococcus aureus is the 
most common cause of septic arthritis and osteomyelitis in all 
other age groups with perhaps the exception of Neisseria gonozrhoeae 
arthritis as a serious sequela of gonococcal infections in sexually 
active individuals. 
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PURULENT MENINGITIDES 

'Ihe presence of large arrounts of pus characterize :rrost of the recterial 
meningitides, in distinction to those of fungal or viral etiology where the 
inflarmatory response is primarily lymphocytic or granulcnatous. Purulent 
meningitis presents a real medical anergency due to the fulminate nature of 
the disease which develops. 'Ihe infection nay be limited to the leptc:meninges 
or the brain parenchyrra nay also be infected (meningoencephalitis). 'Ihe viral 
diseases are called aseptic because the etiological agent is not recovered 
fran the patient l::¥ standard recteriological techniques, not because the agent 
is not present in the lesion. 

ETIOLOGY 

Bacterial meningitis most commonly results fran hematogenous 
dissemination of an organism which is either a member of the nonnal flora 
or is causing an infection in another part of the 1:xx:iy, usually the lungs. 
The age of the host and his inm.molc~ic status have a najor bearing on the 
type of organism causing the disease. Bacterial meningitis in neonates is 
usually caused l::¥ E. coli or group B streptococci. Both are normal 
inhabitants of the birth canal and nay colonize the skin or gastrointestinal 
tract of the infant. 

'Ihe oropharynx is usually the source of organisms causing recterial 
meningitis in children greater than 2 :rronths of age and in adults. The rrost 
caTIIDn etiological agents of acute bacterial meningitis as they are 
distributed in different age groups is presented below. Fatality rates vary 
with the agent and the age of the patient but in general are highest in 
neonates (over 50% ) and the elderly. A 10 to 20 percent :rrortality is seen in 
the other age groups. 

Common Causes of Purulent Meningitis 

Age Microbial Etiology 
less than 2 rronths Group B streptococci 

E. coli 
2 to 60 :rronths 
5 to 40 
over 40 

H. influenzae 
N. meningi tidis 
s. pnel..1lTDniae 

Approxirrate 
Incidence1 

40 
30 
602 
45 
50 

1'Ihese figures are the number of cases caused l::¥ that agent per 100 in that 
age group. 
2'Ihe introduction of the HIB conjugate vaccine is causing this number to 
decrease. In the next few years the meningococcus or the pneu:rrococcus will 
likely take over. 

136 



Brain abscesses may develop from hematogenous dissemination of 
organisms rut IIDre often are the result of trauma. (during birth, accident, or 
surgery) or by direct extension fran contiguous tissue such as the sinuses and 
mastoids. The causative organisms include peptostreptococci, staprw lococci, 
Bacteroides spp, and Group A or D streptococci. Staphylococcus aureus and 
S ~ideImd~s are the leading causes of brain abscesses following trauma 
(accidental or surgical). 

MANIFESTATIONS OF DISEASE 

The most corrmon findings in purulent meningitis are fever (often over 
1050 F, particularly in infants) headache and nuchal rigidity caused.by 
paraspinal muscle spasms reSUlting fran meningeal irritation. 'The increased 
intracranial pressure which develops as a result of the acute inflammatory 
response may cause rulging of the fontanelle. A list of the major syrrptans of 
meningitis are presented in the Table relow. 'The clinical course is highly 
variable reing dependent upon the agent, and the age and associated 
imnunologic status of the host. However, the disease is usually acute and 
death can occur within a feN hours of the onset of syrrptans. 

Clinical Findings Suggestive of Meningitis 

Symptom 
Fever 
Headache 

Stiff Neck 

Decreased mental function 
Vaniting, anorexia 

Comment 
100 - 1060F 

Generalized, persistent and 
extremely painful 
Positive Brudzinski (1) an::i 
Kernig (2) signs (3) 
Lethargy, confusion, delirium, cana 
Seen in neonates 

(1) Resistance to neck flexion when in a supine position with knees raised 

(2) Inability to straighten the leg when supine and thigh is perpendicular 
to bJdy 

(3) These will re absent in neonates 

Post-meningitis sequelae are uncommon except in the 
neonatal patient, where approximately 50 percent will exhibit either IIDtor or 
intellectual inpairment. It is important to follow these patients for a feN 
years after their acute disease in order that appropriate rehabilitative 
action can re taken should any dysfunction surface. 
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DIAGNOSIS 

Cerebrospinal Fluid (CSF) 

In patients with brain abscesses this examination reveals little and may 
in fact be contraindicated due to the potential for mechanical injury to the 
brain as a result of its displacement caused l::y intracranial and spinal 
column pressure differentials. In patients with purulent meningitis where a 
spinal tap is indicated the follONing al:norma.lities will be found. 

1. The presence of neutrophils - 400 to 20,OOOcmm, the observation of 
large numbers of lyrrphocytes VlOuld suggest Il1Ycobacterial, Il1Ycotic or viral 
meningitis. 
2. Glucose concentrations significantly lower than that in blood. 
The glucose is utilized l::y the phagocytic cellsas well as l::y most of the 
bacterial organisms causing meningitis Viral disease does not cause a 
decrease in glucose. 
3. Elevated protein concentration - associated with the inflammatory 
response. 
4. The presence of bacteria detected by Gram stain. 
5. The presence of bacterial products - most of the pathogens are 
encapsulated and the developnent of sensitive tests (e.g. ELISA) has permitted 
the identification of capsular antigens in spinal fluid. 

Bacterial cultures 

In all cases it is :i.rrperative that CSF cultures be performed, and 
antibiotic sensitivities be determined on the organism isolated. It is cc:mnon 
to centrifuge the specimen before inoculating the media. Blood cultures 
should also be done. 

THERAPY 

The fulminating nature of l:acterial meningitis precludes aI1}l delay in 
the institution of antimicrobic therapy. The age of the patient is a major 
guideline in the selection of the appropriate antimicrobial. Arrpicillin 
should be given to the very young (in the case of H. influenzae sCID2 
pediatricians add chloramphenicol to cover the 15-20% of strains that contain 
a b lactamase encoding plasmid) Penicillin is the drug to give to patients 
above 5 years of age. Modifications in antibiotic therapy should be 
considered after culture and sensitivity testing is completed. 

The intravenous route of drug administration should be used as the 
patient's condition often compromises absorption from the gut or intramuscular 
depot. Large "loading" doses are necessary as very few antibiotics cross the 
blood-brain barrier readily (an exception is chloramphenicol) and it is 
:i.rrperative to achieve l:actericidal concentrations in the CSF rapidly. 
Treatment should be continued for at least 1 week after symptoms have subsided 
and for longer periods in neonates. 
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ENTERIC DISEASES 

Acute gastrointestinal infection ranks as one of the rrost prevalent of 
ills which affects mankind, and in its canplex interactions with nalnutrition, 
this group of disorders ranks high arrong the killing diseases of childhood 
l:eing resp8nsible for 3-5 million deaths per year world wide. 

NORMAL FLORA OF THE GASTROINTESTINAL TRACT 

Caopositian. The feces of normal adults contain from 1011 to 1012 
viable l:::acteria/gram. The najority of these l:::acteria are found in the colon. 
The fluid contents of the snall intestine contain l:etween 102 to 103 
l:::acteria/ml, and in the terminal ileum the count usually does not exceed 107 . 
The l:::acterial flora of the gastrointestinal tract is established within 
several weeks after birth and rarains relatively stable for life. The 
dominant bacteria in feces are non-sp8refor.ming anaerobic l:::acilli 
(Bacteroides) although coliforTIlS, such as Escherichia coli and other manbers 
of the family Enterobacteriaceae are also normally present. 

Transient organisms are seen in the stanach and upper snall intestine, 
whereas, organisms which adhere to and colonize the mucosal surface are 
observed in the distal ileum and large rowel. Obligate anaerol:es outmrrnl:er 
facultative organisms at least 1000:1. The indigenous flora of the large 
rowel is diverse in canpostion although it is predaninated by Gram-negative 
organisms; e.g., Bacteroides, Fusobacterium and coliforTIlS. Gram-positive 
cocci and l:::acilli are also present, including lactol:::acilli, 
Peptostreptococcus, enterococci, and clostridia. 

Microorganisms Normally Found in The Gastrointestinal Tract 

Stomach and Upper Small Bowel 
(These transients are found 
throughout the GI tract) 

Lactobacilli 
Streptococci 
Bifidobacteria 
Clostridia 
Veillonella 
Colifonns 
Yeasts 

Distal ileum 

Bacteroides 

Large Bowel and feces 

Peptostreptococcus 
Peptococcus 
Propioni.1:e.cteri um 
Bacteroides 
Fusobacterium 

In addition to l:::acteria, certain parasites and viruses are classified as 
enteric agents. Although rrany of the respiratory viruses nay produce 
gastrointestinal symptoms, two najor groups associated with viral 
gastroenteritis are the Rotaviruses and the Norwalk agent. The parasites 
Entaroc>el:a histolytica and Giardia lamblia are prinary pathogens of the 
gastrointestinal tract. Other parasites, including Trichinella spiralis, 
Balantidium coli, Schistosana and Strongyloides stercoralis nay induce enteric 
disease during certain phases of their infective cycle in nan. 

139 



Function 

Nomal flora nay enhance the host defense mechanisms l::¥ 1) production of 
b3.cteriocins and antibiotics active against potential pathogens; 2) 
ccmpetition for nutrients; 3) occupation of the intestinal mucosal surface, 
thereby preventing exogenous pathogens fran attaching and 4) serving as a 
constant source of irrmunogens, continually priming the local and systemic 
irrmune systems. 'IWo negative aspects of the gastrointestinal flora are 1) a 
source of antigens which induce endotoxin tolerance and 2) large nwnbers of 
organisms potentially dangerous when l:x:JWel perforation occurs or the host 
beccme severely irrmunologically crnpranised. 

An irrportant factor in establishing enteric infection is the ability of 
the parasite to adhere to host mucosal surfaces. The adherence of recteria to 
anirral cells is dependent on specific recognition systems Receptors on the 
membranes of tissue cells interact with specific ligands on surfaces of 
b3.cteria. Lipoteichoic acid (LTA) , fimbrial protein, colonizing factor 
antigen, and other microbial surface proteins are thought to serve as ligands 
involved in host cell adhesion. Anirral strains of E. coli possessing K88 and 
K89 antigens nay bind to host cells via galactose or N-acetylgalactosamine 
moieties, respectively. HlllTBIl strains of E. coli sean to possess a rrrumose
specific lectin-like substance that binds the organisms via fimbriae to 
rrrumose residues on epithelial cells. 

Toxins of Enteric Bacilli 

Endotoxin, the LPS moiety of the Gram-negative cell wall, is highly 
toxic. The biological effects of recterial endotoxins are IT¥Yiad (see Table 
below), although no clearcut molecular-biological resis for their activities 
is known. Many effects of endotoxin appear to be mediated through host 
humoral and cellular responses. The morbidity and mortality associated with 
many infections caused l::¥ Gram-negative b3.cteria are considered related to the 
endotoxins present in the cell walls of these b3.cteria. 

Biological Effects Induced by Bacterial Endotoxins 

Pyrogenicity 
Lethal shock 
Adjuvancy 
Shwartzrran phencmenon 
'IUrrDr necrosis 
Leukopenia - leukocytosis 
Hypotension 
Plasminogen activation 
Enhancement of nonspecific 
resistance 

Mitogenic for B lyrrphocytes 
Increases interferon 
production 
Release of colony-stimulating 
factor 
Crnplement activation 
Hagemann factor activation 
Stimulation of prostaglandin 
synthesis 

Enterotaxins are usually protein substances that exert their toxic effect 
specifically in the small intestine. The choleragen of V. cholerae is 
the prototype of b3.cterial enterotoxins. A number of enterics have been shown 
to produce enterotoxic naterials which cause large arrounts of fluid and 
electrolytes to be secreted into the intestinal lumen, without daronstrable 
gastrointestinal histopathology . 
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Spectrum of Enteric Diseases 

Diseases that affect the gastrointestinal tract of man are diverse and 
multifaceted. In a few cases, the pathogenesis is well understood, although 
most of the syndromes have only recently been studied in experimental anirral 
models. The spectrum of microbial enteric infections is presented below. 

TYPE OF INTESTINAL BACTERIAL INFECTIONS 

Type of 
Infection 

Bacteria attach to 
epithelium of 
small intestine 
and cause watery 
diarrhea by 
fonning an 
enterotoxin Mllch 
induces fluid loss 
from epithelial 
cells 

Microorganism 
attaches to and 
penetrates 
epithelial cells 
of large intestine 
or ileum causing 
bloody diarrhea 
by killing cells 

Bacteria attach to 
and penetrate 
epithelium of 
small intestine. 
Invade 
subepithelial 
tissues, cause 
ulceration and 
spread 
By'stemically 

Microorganisms 

Vibrio cholerae 
E. coli 

E. coli 
Carrpy lomcter 
]e]uni 

Yersinia 
enterocolitica 
Shigella spp. * 
Salmonella ~p.* 

Salmonella typhi 
Salmonella 
cholerasuis 

Virulence 
Factors 

Adhesin 
Enterotoxin ADP 
riroBy'lates 
an adenylate 
cyclase 
regulatory 
protein, causing 
an increase in 
enzyme activity 

Adhesin 
HEmin binding 
protein in outer 
mEmbrane coats 
cells Mllch are 
then taken up to 
enterocytes 
Cytotoxin kills 
enterocytes 

Adhesin 
vi surface antigen 
Microbes survives 
in phagocytes by 
inhibiting 
oxidative 
metal:olism and 
production of 
toxic oxygen 
metal:olites 
Endotoxin 

Clinical 
Features 

Stools 
Fever 

No 
}b 

Yes 
Yes 

Yes 
}b 

water pus 

Yes 

No 

No 

* Only these 2 affect large intestine; the rest are pathogens of the small 
intestine. 
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Laboratory Diagnosis 

Laboratory diagnostic procedures include ~croscopic examination, 
culture, toxin detection, and serologic procedures. 'Ihe relative value of 
each is different for the various etiologies. 

Treatment 

In most gastrointestinal infections the goal of treatment is relief of 
syrrptcrns, with particular attention to maintaining fluid and electrolyte 
talance. 'fue effect of CCllIIDn antidiarrheal medications such as bismuth 
compounds (Pepto Bismol) or antispasmotics (lamotil) is variable depending on 
the etiology. In general, they may re helpful for the watery diarrhea caused 
l:y enterotoxins, but not for dysentery caused l:y mucosal invasion, and 
antispasmotics may re harmful in the latter instance. Ant~crobial agents 
are usually not indicated for self-l~ted watery diarrhea, but are required 
for more severe dysenteric infections. Sane enteric infections, such as 
typhoid fever, are always treated with ant~crobics. 

Antibiotic-induced Gastrointestinal Disease 

'fue prolonged administration of antibiotics, particularly those with an 
extended spectrum, may alter the existing talance in the normal flora and 
give ~nor manbers of that population (that are resistant to the antibiotic) 
an opportunity to increase in numbers to such an extent that they will produce 
disease. 'I\<x) diseases deserve mention. 

Thrush, a Candida albicans infection of the oral cavity, can occur 
following the use of broad spectrum antibiotics, particularly via the per os 
route. 'fuis same yeast infection occurs in the very young and in irrmuno
compranised patients of any age. Parenteral antibiotic administration may 
~t the overgrowth of candida cells in the vaginal tract or in the anal 
area, with resultant irritation and disease (e.g., candidal vaginitis) . 

Pseudomembranous colitis results from an overproliferation of the 
obligate anaerobic organism Clostridium difficile. This organism may re 
resistant to several antibiotics that act on other manbers of the colonic 
flora, thus giving it a selective advantage. In the presence of antibiotic 
therapy with, for example, cl~in, the clostridia reproduce and 
elaborate a potent enterotoxin that produces diarrhea with WEe infiltration 
and hernorhagic necrosis of the intestinal mucosa. van.canycin is the drug of 
choice, although merely withholding the offending antibiotic often is 
successful. 

142 



Food Poisoning 

Many gastrointestinal infections involve food as a vehicle of 
transmission. 'The tenn "food. poisoning" however, is usually reserved for 
instances in which a single meal can re incriminated as the source. This 
usually arises when multiple cases of the disease develop arrong persons whose 
only canron experience is a shared meal. 

'The IDJst canron causes of food poisoning are shavn in table relaw. Sane 
are not infections rut intoxications caused 1:y ingestion of a toxin produced 
1:y bacteria in the food before it was eaten. Intoxications generally have 
shorter incubation periods than infections and rtay involve extra-intestinal 
syrrptans (for exarrple, the neurologic darrage in rotulism). Infectious food 
poisoning does not differ fran endEmic diarrheal infections caused 1:y the same 
species. The length of the incubation period and the severity of the syrrptans 
are generally related to the number of organisms in the infecting dose. 

CLINICAL AND EPIDEMIOLOGIC FEATURES OF FOOD POISONING 

Etiology 

Intoxications 

Pacillus cereus 

Staphylococcus 
aureus 

Clostridium 
rotulinum 

Infections 

Cl. perfringens 

Salrronella spp. 

Shigella spp. 

Vibrio 
parahEITOlyticus 

Trichinella 
spiralis 

Hepatitis A 

Incubation Clinical 
Period (hr) Findings Characteristic Foods 

1-6 Vaniting, diarrhea Rice 

1-6 

12-72 

12-24 

6-48 

12-48 

12-24 

3-30 days 

10-50 days 

Vaniting 

Neuraruscular 
paralysis 

Watery diarrhea 

Gastroenteritis 

Qysentery 

Watery diarrhea 

Fever, IIlfalgia 

Hepatitis 
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Meats, custards, salads 

Irrproper ly preserved 
vegetables, meats 

Meat, poultry 

Poultry products 

Variable 

Shellfish 

Pork 

Shellfish 



SEXUALLY TRANSMITTED DISEASES 

The incidence of sexually transmitted diseases (SID) has increased 
alarmingly in the last 2 decades, and has novv reached epidEmic proportions. 
The incidence of the wajor venereal diseases is presented in the table below. 
The most serious complications of these diseases include infertility, 
congenital abnormalities, ectopic pregnancy and abortion. 

The Major Pathogens and Their Estimated Frequencies 
in the United States 

Disease 
Condylomata acuminata 

(Genital warts) 
Non-gonococcal urethritis 
Gonorrhea 
Genital herpes 
Syphilis 
Cervical carcinoma 

Epidemiology and Etiology 

Pathogen 
Papillomavirus 

ChlaIT!Ydia trachanatis 
Neisseria gonorrhoeae 
Herpesvirus type II 
Treponema. pallidum 
Papillomavirus 

Annual cases 
10,000,000 

4,000,000 
2,000,000 

500,000 
150,000 

20,000 

These diseases are contracted during sexual intercourse. The increase 
in oral and/or anal sexual contact has changed the method of spread as well as 
the types of diseases transmitted. Several enteric diseases are now 
considered S'IDs among homosexual males. It is not uncorrmon for a patient to 
have more than one SID at the same time. A partial list grouped by sexual 
incidence is tabulated belovv. 

Sexually Transmitted Pathogens of Women 

Microbe 
Gardnerella vaginalis 
Group B streptococci 
Tricharonas 
Candida albicans 

Disease 
Vaginitis 
Neonatal sepsis and meningitis 
Vaginitis 
Vulvovaginitis 

Sexually Transmitted Among Homosexual Men 

Shigella spp. 
Carrpy lo1:acter fetus 
Herpesvirus hominis, type II 
Hepatitis B 
Entamoeba histolytica 
Giardia lamblia 
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Shigellosis 
Enteritis and proctitis 
Genital herpes 
Hepatitis 
Arl"ffiiasis 
Giardiasis 



Prevention and Control 

The condcm is the most effective means of protection against venereal 
disease. Unfortunately, individuals vmo need protection the most (those with 
multiple sex partners) are the least likely to use thEm. 

Control of STD is best accorrplished by diagnosis and treatment of 
patients and their sexual contacts. Prompt reporting of all cases to the 
appropriate health agency is inperative if a thorough epidEmiological survey 
and partner contact is to be achieved. At least 3 factors are operating to 
confound attanpts at the control of these diseases. First, rrany patients are 
reluctant to seek medical assistance due to embarrassment, guilt, fear of 
complications in their personal lives, etc. Secondly, rrany cases are 
asymptomatic, particularly in females. Finally, treatment must be 
sufficient to cure the disease. Whenever possible a single dose therapy 
should be anployed as the patient's continued self-treatment will prob::lbly 
stop vmen the syrrptans moderate, vmich very likely will not coincide with a 
bacteriological cure. 

Common Presenting Complaints 

urethral Discharge of purulent material is seen in infections with 
the gonococcus, C. trachomatis, C. albicans, T. vaginalis and type II 
herpes virus. A burning pain is usually associated with urination. 

A copious vaginal discharge, characterized by the presence of large 
numbers of neutrophils and an offensive odor, is seen in wcmen infected with 
many of the same agents that cause urethritis in males. Gardnerella 
vaginalis also causes a vaginitis; characteristics of the latter include by 
a fishy odor and the presence of "clue" cells (i.e., sloughed epithelial cells 
with adherent gram negative rods) . 

Skin lesions may be of 2 types, either as a rash or an ulcer. Rashes 
are seen in candidiasis and in secondary syphilis. Ulcerative lesions occur 
in syphilis, and genital herpes. 

Complications 

The serious consequences of STDs are manifold. They rnay result fran; 
1) contiguous spread of the infection to involve the reproductive organs, 
2) hematogenous dissemination of the microorganism to other organ systems, 
3) infection of the infant either during pregnancy or while passing 
through the birth canal. A list of the more carmon complications is presented 
in the table below. Salpingitis (inflammation of the fallopian tubes) is 
probably the most serious manifestation of SID in females. It can lead to 
infertility (nearly 20% in women with 1 or more cases of salpingitis) and 
ectopic pregnancies with resultant fetal death and potential rnaternal 
mortality. 

Infant morbidity and mortality due to T. pallidum and the gonococci 
is quite low in the United States due to the fact that pregnant wcmen are 
routinely tested and treated for these agents; however, congenital and 
perinatal diseases caused by cytomegalovirus, herpes virus, C. 
trachomatis and Group B streptococci are of considerable importance. 
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At least 2 rralignancies are thought to be associated with SI'Ds of viral 
etiology. Cervical carcinana has been suggested as a sequela of Papillana. 
vi:rus infections. Hepatocellular carcinoma has been linked to hepatitis 
type B viral disease. Acquired Irrmune Deficiency Syndrome (AIDS) is 
another hurran affliction which occurs as a sequela of a sexually transmitted 
infection caused l::¥ the hurran irrmmodeficiency virus .. 

Complications of Sexually Transmitted Diseases 

Method of 
Dissemination 

Contiguous 

HEnB.togenous 

Congenital 

Perinatal infections 

Miscellaneous Genitourinary Pathogens 

Disease 

Salpingitis 
Epididymitis 

Hepatitis 
Meningitis 
Arthritis 

Abortion, birth defects, etc. 

Conjunctivitis 
Pneurronia 
Sepsis 
Meningitis 

Escherichia coli is the most common cause of uncomplicated urinary 
tract infections (cystitis and pyelonephritis), causing over 80 %of all 
disease. Klebsiella pneurroniae is #2 at 5-10%. The same two agents 
predominate in prostatitis. Adenovi:rus type 2 causes an acute 
hemnorhagic cystitis in young children. Patients with urinary tract 
abnormalities that interfere with urine flow are likely to experience chronic 
and/or recurrent infections. Hospitalized patients are susceptible to 
nosocanial infections with agents other than E. coli, although this agent 
still predominates in most urinary catheter-induced cases. 
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vmJSES 

BACl'ERIA 

PROl'OZOA 

PRINCIPAL MICRX>RGANISMS INFECI'ING '!HE HUMAN FEIUS 

Microo1'gal1isms 

Rubella virus 

Cytomegalovirus 

Human Inununo
deficiency virus 

Treponema pallidum 

Listeria monocyt:.cqenes 

Toxoplasma gondii 

Effect 

Abortion 
still birth 
Malfonnations 

Malfonnations 

AllE 

stillbirth, rnalfonnation 

Meningoencephalitis 

stillbirth, CNS disease 

'!he mnemonic for these agents is 'lORaIES 

'IOxoplasrna 
Rubella 
Cytomegalovirus 
Human Inununodeficiency virus 
Herpes 
SYPhilis 

147 



THE GRAM STAIN 
'Ihe Gram stain aids in the identification 
of bacteria aocomi.ng to their size, 
shape and groupinJ by rerrlerinJ them lOC)re 
visible. It also helps identify them by 
dividinJ the eubacteria into Gram 
positive or negative organisms. 'Ihe cell 
wall cc:mposition of Gram negative 
bacteria differs f:rcm that of Gram 
positive. since Gram negative bacteria 
have a high lipid content of their cell 
walls, one theory holds that the 
decolorizer (acetone or ethanol) 
solubilizes the cell wall thus reaching 
the crystal violet. In the cell wall of 
Gram positive organisms, the decolorizer 
is l.mable to act as a solvent thUs the 
crystal violet remains. 

step Reagent 

1. Cr:ystal violet (c. v . ) 
2. Sodium bicarlxmate 
3. Gram's iodine 
4. Acetone 
5. safranin 

Appearance of organisms, step by step: 

Gram Positive 

1. pw:ple 
2. pw:ple;alkalinized 
3. pw:ple;fixes c.v. 

in cell 
4. pw:ple 

5. pw:ple 

Gram Negative 

pw:ple 
pw:ple;alkalinized 
pw:ple;fixes c.v. 
in cell 
cx>lorlessi c.v. 
washes out because 
cell wall (lipid) 
soluble in acetone 
-thus the organ
isms are unstained 
again 
red/pink 
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Mycoplasma do not have a cell wall. 

'Iheir gram reaction would be 

Age can cause cx>nversion f:rcm Gram 

positive to negative. What tec1mical 

errors in the staininJ procedure could 

do the same? 

1. ________________________ __ 

2. ________________________ __ 

3. ________________________ __ 

'Ihe thick spore coat is resistant 

to the penetration of dyes. 'Ihey 

will appear bluelredlcx>lorless in 

a Gram stain? 



IDRmOIDGY AND GRAM RFACl'ION OF SCME BACl'ERIA OF MEDICAL IMroRl'ANCE 

Gram + 

staphylococcus 
streptococcus 

Gram -

Neisseria 
Veillonella(2) 

BACIILI 

Bacillus (1) 
Clostridium(1,2) 
corynebacterium 
Listeria' 
f1YCObacterium 

Escherichia 
Klebsiella 
Proteus 
PseudOIOC>nas 
Salmonella 
Shigella 
Brucella 
Francisella 
Yersinia 
Haemophilus 
Bord.etella 
Bacteroides (2) 

SPIROCEEI'ES 

1. only sporefonning pathogens 

Borrelia (2) 
leptospira 
Treponema (2) 

2. only obligate anaerobic pathogens in list 

Generalities 'Ihat can Be Draw From Gram Reaction Table 

Generality 

All cocci are Gram positive 

All rods are Gram negative 

All pathogens are facultative 
anaerobes 

Only bacilli have flagella 

Exceptions 

Neisseria, Veillonella 

Bacillus, Clostridia, COrynebacteria, 
Listeria, Mycobacteria 

Clostridia, Bacteroides (obligate 
anaerobes) 

None 
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Toxin 

DiPltheria 
toxin 

PseudC'IIIDnas 
exotoxin A 

Cholera toxin 

E. coli 
Heat-labile 
enterotoxin 

Botulirn.nn 
toxin 

Tetanus 
toxin 

Shiqella 
toxin 

PROPERTIES OF 
A- B TOXINS 

Enzymatic 
structure* Activity Substrate Biologic Effects 

A-B 

j 
A-BS 

A-B 

A-B 
5 

Not known 

Elongation • Stql p:rotein 
factor II synthesis (ADP-

ribosylate EF-2) 

Adenylate ... Increases adenylate 
cyclase- cyclase activity 
regulatory 
protein 

Not known .Depresses presynaptic 
acetylcholine release 
fran periPleral 
neurons 

• Depresses neurotransmitter 
(glycine) release fran 
inhibitory neurons 

• Inhibits protein 
synthesis 

* A is active (toxic) moiety, B is binding protein 
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PROPERTIES OF 
SPECIFIC PATHOGENS 

GRAM POSITIVE COCCI 

I. General Olaracteristics 

A. Senne have capsules (Group A = hyal
uronic acid) 

B. Production of hemolysis 
1. -hemolytic (viridans) 
2. --hemolytic (complete) 
3. q-hemolytic (none) 

C. catalase negative 
D. Penicillin = Drug of Choice 

STREPIOCX>CClJS PNEUmNIAE 

I. General Characteristics 

A. bile, optochin, detergents lyse 
colonies 

B. alpha hemolytic; optochin sensitive 
C. Drug of choice = penicillin 

II. Antigenic stnIcture 

A. capsular polysaccharide = 75-80 sera 
logical types 
1. SSS - specific soluble substance 

= quellung rx (capsule swelling) 
2. protective antibody = opsonin 
3. Vaccine is oc:lI1'pOSErl of SSS from 

the most prevalent 23 types 

III. Distribution 

A. Normal flora; conunon cause of lobar 
pneumonia in alcoholics, and as 
seconda1:y invader following viral 
infections (e.g., influenza) 
Hematogenous spread may result in 
meningitis in debilitated adults. 

IV. Bacterial Factors Involved in 
Pathogenicity 

A. Prime virulence factor = capsule -
antiphagocytic - content of vaccine 
(Pneurnavac) - confers opsonic 
innnunity 

'!he drug of choice for most streptococcal 

infections is -----------------------

Artificial, actively acquired imnunity 

against pneUIOOCOCX!al pneumonia is readily 

induced by a vaccine c:onp:>sed of 

'!he pneumococcus is alphalbetaJqanuna 

hemolytic. 
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I. Antigens used for Identification 
(bacterial cell wall antigens) 

A. Groop-specific C Antigens 
1. carbohydrate 
2. divide organisms into groups A-oi 

A is sensitive to bacitracin 

B. Type-specific M Antigens (protein) 
1. subdivide group A into 50 + types 
2. antiIilagocytic - v.inl1ence factor 
3. immunity is type specific 

II. other SUrface Cgnponents 

A. Hyaluronic acid capsule = anti
Iilagocytic CHO; not antigenic 

B. Lipoteichoic acid = :in'portant in 
adherence to epithelial cells 

III. Extracellular Products 

A. Erythrogenic toxin (pyrogenic ex0-

toxin) - produced by lysogenic 
strains of group A, 
1. erythema am edema 
2. three imnunologica1 types (A-C) 
3. positive Dick test irxlicates sus

ceptibility to Scarlet fever 

B. Streptolysin 0 (oxygen labile; sulf 
hydryl activated) 
1. antigenic - used to detect anti

body resultin:J fran infection (ASO) 
2. leukotoxic - cytolytic 

c. Streptolysin S (oxygen stable; sennn 
required for synthesis) 
1. responsible of heroc>lysis of 

surface colonies on blocx:l agar 
2. non-antigenic 
3. leukotoxic 

D. I:NAse 
1. 4 imnunologic types (A,B,C,D) -

type B used to measure antibody 
resultin:J fran infection 

E. Streptokinase (Fibrinolysin) -
converts plasminogen to plasmin 

F. Hyaluronidase (spreading factor) 
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Antigens of :in'portance in the serologic 

identification of beta heroc>lytic 

streptococci include 

A. group specific C carbohydrate 

B. type specific M protein 

C. both 

D. neither 

(answer at bottan of page) 

Antiphagocytic surface c::o.nponents 

of group A streptococx:i include 

A. hyaluronic acid 

B. M protein 

C. both 

D. neither 

(answer at bottom of page) 

streptococcal pili contain two 
ilnportant v.inl1ence factors: 
lipoteichoic acid = adherence 
M protein = anti -Iilagocytic. 

(answers to both = C) 



IV. rrypes of Diseases 

A. Group A (~. pyogenes) acute infections 
1. streptococcal IilarYngitis (with 

toxemia = scarlet fever) 
2. pI'lE!lImIlia 
3. pIerperal sepsis 
4. erysipelas, ~igo 

B. Group A post-infection sequelae 
1. acute glaneruloneprritis -

asscx::iated with skin or upper 
respiratory tract infections 

a) one + weeks after infection 
b) neprritogenic strains (e. g. , 

types 4, 12, 49) 
c) may be antigen-antil:xJdy reaction 

result:in;J in bimin;J of CCl1ple
ment ("1lntP.Y-bmpy" deposition of 
Ig in basement ment>rane) 

2. acute rtleumatic fever - associated 
with upper respiratory tract 
infection only: strep M protein 
cross reacts with heart tissue 

c. Non-group A Diseases 
1. caries.:- plaque caused by adherent 

dextrans of ~. mutans; glucan 
fonned fran sucrose by glucosyl 
transferase; may also predispose 
to peridental disease 

2. SUbacute eOOocarditis (oral am 
enteric strep); alpha heJrolytic 

3. MeI'lirgitis am septicemia (enteric 
strep such as ~. agalactiae = 
group B) in neonates 

I. Obligate anaerobes 

II. Mixed infections 

Non-suppurative sequalae of group A 

streptococcal infections include 

A. Scarlet fever 

B. erysipelas 

C. pIerperal fever 

D. caries 

E. Rheumatic fever 

(answer at bottan of page, left side) 

Rheumatic Fever Symptans 
Pericarditis 
Arthritis 
Chorea 
sutQ nodules 
Elevated ASO 

Two streptococcal organisms are cct1Il101ly 

associated with meningitis. CcIlplete the 

table below. 

Patient 
group 

st.rept:ococx:: 
species 

III. l?ul.nK>nary abscesses by 
aspiration fram oral cavity 

example - kids with caries s. mutans 

neonates 

(answer is E) 
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I. General Olaracteristics 
A. beta hen¥:>lytic, facultative aerdJe 
B. golden pignent 
c. coagulase produced 
D. catalase positive 

II. surface Antigens 
A. capsular antigen - antiphagocytic, 
B. protein A-antiphagocytic, :reacts with 

Fe portion of Ig 

III. Extracellular substances 
A. coagulase . 
B. alpha.toxin - heroc>lytic, leukotoxic 
c. enterotoxin - exotoxin 

1. resistant to boiling 
2. resistant to proteolytic enzymes 
3. incubation period 2-4 hrs for syItIr 

tcms of food poisoning 
4. toxin ingested prefonDed 
5. causes nausea, vardting, dian:hea 

D. penicillinase 
E. pyrogenic exotoxins (toxic shock) 
F. exfoliatin 

IV. ~ of Infections 
A. Most CXIlIla1 - pinples, boils, car

buncles, furuncles 
B. Most dangerous - septicemia, erxio

carditis, neningitis, pneumonia, 
abscesses, osteanyelitis 

c. other diseases - food poisoning (2-4 
hr incubation), nosocami.al infections 
post-sw:gery, scalded skin syndrome 
in neonates (exotoxin = exfoliatin), 
Toxic Shock Syrrlrome (Pyrogenic 
toxins A-C) 

v. Diagnosis 
A. Ol:ganism isolated on selective natia 

such as Mannitol Salt Agar 
B. Dem:>nstrate beta heroc>lysis 
c. Test for production of coagulase 

ar:rljor INAse 
D. If concem.ed with hospital epidemic, 

do bacteriophage typing 

VI. 'IheraQY 
Because of high incidence of beta 
lactamase producers (plasmid encoded) 
start with oxacillin, cefotaxime, or 
another enzyme-resistant dnlg 

Major Causes of Skin Infections 

Staphylococcus 
aureus 

Bullous irrpetigo 
Folliculitis(l) 
Furuncles 
Carhmcles 

Streptococcus 
pyogenes 

Erysipelas 
Cellulitis 
Pycx:lerrra 

(Streptococcal 
:i.rrpetigo) 

(l) PropioI2irecterium is associated 
with acne rut the primary etiology 
is l.JI1kna..Jn. 

Staphylococcal protein A acts as an 
anti-opsonin py reacting with anti-
1::x:rly ITDlecules at the Fab/Fc JX)rtion. 
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StaFhylococx::i can colonize 
nonnal heart valves: alpha 
streptococci only g:rorN on 
damaged or prosthetic ones. 

An Intoxicating story 

staphylococx::al food poisoning is due to 

ingestion of prefonned enterotoxin, thus 

the disease has a short/long incubation 

period. 

Foods COItIlOOnly incriminated include 

1. cooked meats like ham = 40% 

2. potato salad = 20% 

3. baked foods = 10% 

4. poultry = 10% 



GRAM NEGATIVE COCCI 
NEISSERIA 

I. General Olaracteristics of Genus 

A. Most species are nonnal human flora 
(NOl' goncx::occus) 

B. Pathogens occur in vivo inside FMNs 
c. Pathogens (fastidious) - grow on 

chocolate or 'Ihayer-Martin agar, 37C, 
10% (X) , produce imophenol oxidase 
which is useful in identification of 
colonies. Produce 19A1 protease. 

D. Killed rapidly by drying, sunlight, 
UV, moist heat at 55 C, phenol 

E. Penicillin sensitive: a few strains 
have plasmid directed beta lactaIDase 

NEISSERIA MENmGITIDIS 

I. Antigenic structure 
A. '!here are 4 serogroup-specific 

capsular polysaccharides (A-D) 
1. Type A majority of epidemics 
2. Anti-phagocytic 

B. Endotoxin involved in disease 
(Waterhouse-Frederichsen syOOrome) 

II. Epidemiology 

A. Man is only reservoir - up to 30% 
carriers 

B. Disease appears sporadically or in 
epidemics in military personnel 

III. PathCXJenesis 

A. gain access to nasopharynx 
B. Pili affect adherence 
C. local inflanunatory rx - organism pro

duces IgA1 protease 
D. bacteremia ~ meningitis or mening

ococcemia 
E. result in metastatic lesions in skin 

(causes purpuric rash), joints, ears, 
lungs, adrenals, etc. 

F. fulminating cases - acute adrenal 
insufficiency (Waterhouse
Friderichsen synjrome) associated 
with herrorrtlagic necrosis of both 
adrenal glarrls 
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'!he drug of choice for neisserial 

infections is ----------------------

'!he maj or vinllence factors of the 

meningococcus are 

A. endotoxin 

B. 19A protease 

C. capsular carbohydrate 

D. all of the above 

E. A and Conly 

(answer at :bottom) 

Meningococci adhere to host cells by 

means of pili/capsule. 

(answer = D) 



NEISSERIA GCN:>RROOFAE 

I. Antigenic StnIcture 

A. K antigen - cell wall polysaccharide 
lost on subculture: I-IV related 
to virulence am. colony IOOrphology; 
I am. II are virulent, contain pili 
am. are leukocyte associated). 

B. '!his variability has confOllIXled 
efforts at vaccine developnent. 

II. Pathogenicity 

A. Enter thrrugh llllCOUS membrane of 
genitourinary tract. 

B. Penetrate between columnar epi
thelia! cell. In subepithelial 
tissue cause aa.rte inflannnatory 
response resulting in purulent yellow 
urethral or vaginal discharge. 

c. pili responsible for adherence to 
cell I!'el'llbranes am. S\llVi val within 
:R1Ns. 

D. Organisms elaborate a protease which 
cleaves 19A1 at the hinge region of 
the H chain. 

III. Symptomatology 

A. Male 
1. incubation period - 2-8 days 
2. frequent, urgent, painful urination 
3. n'D.lcopunll.ent discllarge 

B. Female 
1. COlDl'IDnly asynptanatic 
2. urethritis 
3. may involve fallopian tubes; may 

cause pelvic inflannnatory disease, 
salpingitis. 

c. CUlture is required to confinn 
diagnosis in both males am. females 

IV. Diseases other '!han Gonorrhea 

A. Arthritis via hematogenous route 
B. Ophthalmia neonatonnn acquired 

passing thrrugh birth canal 

v. Therapy 

A. Penicillin = drug of choice 
B. Spectincmycin for PING (Penicillinase 

producing Neisseria gonorrhoeae) 

Gonococci adhere to host cells by ~ 

of pili/capsules. 

One of the IIDSt serious CXJll1Plications of 

gonorrhea is PID, which stands for 

The drug of choice for penicillinase 

producing N. gonorrhoeae is 
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GRAM POSITIVE RODS 

BACILIDS ANIHRACIS 

I. Pathcx:renicity of Anthrax 
A. Spore is infectious particle 
B. Penicillin = drug of choice 
C. 'Ihree routes of infection 

1. cutaneous (puncture); disease = 
malignant pustule 

2. ingestion 
3. inhalation (woolsorter's disease) 

D. vinIlence 
1. d-polyglutamic acid capsule (anti

phagocytic) 
2. Tri -molecular toxin 
a. Edema factor = adenylate cyclase 
b. Protective antigen - binds to 

host cell membrane 
c. lethal factor 

CIDSTRIDIUM GENUS 

I. Gas Gangrene: complex infection by 
anaerobic bacteria 

A. Organisms involved 

The antiphagocytic capsule of 

j}. anthracis is composed of 

The spore is the infectious particle in 

all of the following diseases except: 

1. Clostridium perfringens type, A,D,F A. tetanus 
2. Clostridium.ngyyi 
3. Clostridium septicum B. anthrax 

B. Pathogenicity 
1. Any wound contaminated with dirt 

has potential for gas gangrene 
infection due to low redox 
potential of tratnnatized tissue. 

2. Toxins and enzymes 
a. alpha toxin - lecithinase C 
b. collagenase, hyaluronidase 
c. hemolysin 
d. enterotoxin = food poisoning 

C. Treatment 
1. antisennn 
2. debridement of wound 
3. hypochlorite or H202 
4. hyperbaric oxygen 
5. penicillin, tetracycline 
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C. gas gangrene 

D. botulism 

(answer at bottom) 

(the best answer to the question above is 
D, although infant botulism is 
spore-mediated) 



II. Tetanus - organism involved -
Clostridium tetani 

A. Toxin 
1. Tetanus toxin - B chain birxls 

to cell; A chain is the toxic 
ooeity. 
a. acts at synaptic junction of 

specific intemeurons to block 
inhibitory pathways in anterior 
horn cells. 

2. Toxoid=prophylaxisi antitoxin= 
therapy; sirgle antigenic type 

B. Pathogenesis 
1. Deep wound am inflammatory response 
2. Anaerobic con:titions 
3. Very limited infection: disease is 

an intoxication 
4. Toxin production locally; spread 

through body intraaxonally 
5. causes spastic paralysis; 

opisthotonus. 

III. Botulism-organism involved -
Clostridium botulinum 

A. Pathogenicity 
1. Potent neurotoxin-H chain binds to 

cell; L chain is toxic moiety. 
a. 8 serologic types-A, B, and E 

most COlTIllDn in man. 
b. protein, heat labile, resistant 

to gastric acidity and 
proteolysis; irgested as 
prototoxin. 

c. mechanism of action - interferes 
with release of acetylcholine in 
the efferent autonomic nervous 
system and prevents the trans
mission of nerve impulses across 
the myoneural junction. 

IV. Pseud.artEmbranous enterocolitis 
Organism involved = Clostridium 
difficile 

A. Clindarnycin oral therapy is involved 
as a precipitating factor. It de
presses anaerobic gut flora which 
allows C. difficile to grow. 

B. Vancomycin is the drug of choice. 

Tetanus toxin interferes with 

Botulinum toxin interferes with 

'!he drug of choice for ~. difficile 

enterocolitis is -------------------
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I. Diphtheria causative agent -
Cor.ynebacterium diphtheriae; 
diphtheroids = normal flora 

A. Dimtheria toxin 
1. Protein of 65-70,000 daltans 
2. Production of toxin 
a. requires the presence of beta 

phage, am low iron content 
b. toxin is a PJiige-coded protein 

(lysogenic conversion) 
3. Mechanism of action 
a. Fragn¥3ll.t B - attaches to cell 

membrane 
b. Fragment A - inhibits protein 

biosynthesis by inhibitirg the 
transferase II enzyme, Elongation 
Factor 2, by ADP ribosylation. 

B. Disease is due to toxemia. No 
bacteria are fomrl in the blood, 
therefore, the therapy of choice is 
antitoxin, not antibiotics. Prophy
lactic toxoid sti.nn.llates the produc
tion of antitoxin. 

C. Pseudortenbrane that fonns in the 
throat is cc.mpose.d of fibrin, :Ro1Ns, 
dead tissue cells am bacteria. It 
may break free from the urrlerlying 
epithelium am close off the airway, 
causing suffocation. 

D. Diagnosis 
1. Observe Gram + pleomorphic rods 

in palisade arrangement in stain 
of swab of pseudomembrane. 

2. CUlture organism on Blood agar, 
!.Deffler's or tellurite agars. 

3. Demonstrate metachromatic nature 
of organism. 

4. Prove toxigenicity of organism. 
'Ibis is the definitive step; must 
use antitoxin as specificity 
control. 

LISTERIA MJ~ 
L. monocytogenes - cousin of ~. 
diphtheria - but is motile at 24 C. 
A. causes 10% of neonatal meningitis 

(nonnal vaginal flora). 
B. Cell wall lipid induces monocytosis. 
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Diphtheria toxin inhibits protein 

synthesis by ________ _ 

'Iherapy of choice for diphtheria is 

Elongation factor 2 is ADP-ribosylated 
by diphtheria toxin. The prokaryotic 
translocation factor EF-G is not. 'This 
specificity is due to the presence in 
eukaryotic EF-2 of a unique residue, 
diphthamide, which is a modified 
histidine side chain in the protein 
which is the site of ADP-ribose 
attachment. 

'!he most COlnIl'K>n listeria! infection 
in adults is meningitis; endocarditis 
and septicemia may also occur. 



ACID FAST BACILLI 

I. Mycobacterioses 

A. Organisms 
1. Mycobacterium tuberculosis (facul

tative intracellular parasite) 
2. Mycobacterium leprae (obligate 

intracellular parasite) 
3. Atypical mycobacteria e.g., M. 

kansasi « M. avium intracellulare 
4. J3(X; = bacille calmette Guerin; 

a. attenuated M. tuberculosis 
(bovine strain) 

b. vaccine vs. tuberculosis 

B. Acid fast due to high lipid content 
(mycolic acids) of cell wall 

C. Growth - most are slow growers (M. 
tuberculosis = 3-6 weeks); obligate 
aerobes 

D. Toxic product = Cord Factor (trehalose 
6,6 dimycolate) and sulfatides; blocks 
production of toxic oxygen metabolites 

E. Cell wall is rich in lipids, (e. g. , 
wax D); resistant to acids, alkali, 
and chemical disinfectants 

F. Epidemiology 

1. M. tuberculosis 
a. Man to man or animal to man 

transfer by ingestion, contact, 
or aerosol 

2. Atypical mycobacteria 
a. No man to man transfer 
b. Probable source in soil and water 
c. Portal of entry is upper respir

ato:ry tract, or through the skin 
d. M. avium occurs in AIm patients 

3. M. leprae 
a. Man is major host; agent has 

also been cul turej in annadillo 
b. Transmission by prolonged 

contact 

G. Diagnosis 
1. Observe acid fast rods in tissue 
2 • CUlture (except M. leprae) 
3. Niacin test - M. tb = positive, 

atypicals = negative 

M. tuberculosis is 

A. Acid fast 

B. Gram positive 

C. Both 

D. Neither 

(Answer at bottom) 

Niacin production is a valuable 

laborato:ry test in the identification of 

A. M. tuberculosis 
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B. M. leprae 

c. Both 

D. Neither 

(answer at bottom) 

(answer = C) 
(answer = A) 



H. Treatment 

1. First Line Drugs (atypicals may be 
resistant) 

a. Isoniazid (INH) arrl PAS First line drugs for tuberculosis include 
b. streptomycin arrl PAS 
c. Rifampin arrl ethambutol 1. ______________________________ __ 
d. INH alone for skin test converters 

2. ___________________________ __ 

2. Second Line Drugs 
a. Ethionamide 3. --------------------------------b. cycloserine 
c. Pyrazinamide 4. _____________________________ __ 

Leprosy 5. 

1. Etiologic agent: M. leprae (Hansen's 
bacillus) 

2. Two types of disease 
a. lepromatous (nodular skin lesions 

with abundant acid fast bacilli; 
lepromin negative) 

b. tuberculoid (anaesthetic macular 
skin lesions with very few acid fast 
bacilli; lepromin positive) 

3. Transmission is by direct contact 

4. Skin testing - lepromin - extract of 
lepromatous nodules 

5. Chemotherapy with I:W?SONE 

II. Actinomyces israelii 

A. not acid fast 

B. obligate anaerobe; nonnal oral 
flora 

c. lumpy jaw; cervicofacial abscess 
with "sulfur granule" exudate 

III. Nocardia asteroides 

A. Weakly acid fast 

B. aerobe; soil organism 

C. pulIronary disease in inununo
depressed patients; skin arrl 
subcutaneous infections via 
trauma 
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Drug of choice for Hansen's bacillus 

Etiologic agent associated with lumpy 

jaw is ---------------------------



GRAM NEGATIVE RODS 
I. Olaracteristics of interest 

A. Sane produce exotoxins 
B. EnterdJacteriaceae are oxidase negative '!he outer membrane of Gram negative 
c. All contain errlotoxin 

1. component of cell wall; lipopoly- bacteria contains a potent toxin, LPS, 
saccharide (lipid A = toxic part) 

2. pyrogenic; irrluces release of which st.ams for _________ _ 
endogenous pyrogen (interleukin 1) 
which acts on hypothalanrus '!he toxic llDiety is ___ _ 

3. B cell mitogen; weakly antigenic 
4. activation of alternate pathway of 

complement 
5. may trigger disseminated intra- EMB is a selective/differential/both 

vascular coagulation 
D. Eosin Methylene Blue (EMB) agar is meditnn used to purify ______ _ 

useful in isolating enteric organisms 

ESaIERIarrA. OOLl 

I. Diseases 

A. Most canunon cause of uri.nal:y tract 
infections (cysti t"~, pyelonephritis 
of pregnancy); 10 /'ml in urine 
suggests etiology of cystitis 

B. Neonatal meningitis: especially 
durin] 1st 2 IIDl1t.hs (with Gp. B 
strep); ascenting infection occurs 
in utero or organisms are acquired 
during birth process 

c. Epidemic childhood diarrhea canunon 
in developing countries 

D. Traveler I s diarrhea 

II. Inum.mologic Considerations 
A. 0 Antigens - (somatic) 
B. H Antigens - (flagellar) 
c. K Antigens - (capsule) 

III. Products Associated with Disease 
A. Adherence pili 
B. Erxiotoxin 
C. 2 enterotoxins, 1 is heat stable 

(t quanyl cyclase), the other 1 
heat labile, (t adenyl cyclase) 

IV. '!herapy 
A. Systemic diseases = aminoglycosides 
B. cystitis = sulfonamides, nalidixic acid 

from mixed flora speciInens (e. g. feces). 

Diseases produced by~. coli include 

1. ------------------------------
2. __________________ _ 

3. ---------------------------
4. ________________________ _ 

Heat labile toxin structure is A-B5: 
A is an enzyme that ADP ribosylates 
an adeny1ate cyclase regulatory 
protein, increasin] cAMP in the 
enterocyte am causin] secretory 
diarrhea; B binds to GM-1 ganglio
side in the enterocyte membrane. 

C. Diarrhea = trimethoprim + sulfamethoxazole 
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I<I.E8SIELIA 

I. Diseases caused by K. pnemnoniae 

A. Normal flora in 5% of population 
B. Important in elderly compromised by 

major surgical or medical problems 
am in alcoholics 

c. Pneurtnnia - bronchitis, bronchi
ectasis. Necrosis acc:anpanied by 
cavitation and fibrosis 

D. virulence factor = anti-phagocytic 
capsular polysaccharide 

E. Drug of choice = aminoglycosides 

I. General Olaracteristics 

A. Non-lactose fennenters, Acid am gas 
from glucose 

B. All motile, several species ~S+ 

II. Innmmology 

A. O=samatic antigen am H=flagellar 
antigen 

B. vi (virulence) antigen-foun:i on Q. 

~ 
c. LPS=endot:oxi.n=major virulence factor 
D. Iron birrling siderophores (entero

chelins) = important for growth 

III. Types of Diseases (Salmonelloses) 

A. Enteric fevers 
B. Septicemia -suppurative lesions; 

prototype = typhoid fever 
c. Gastroenteritis from contaminated fcxxl, 

poultry, poultry products like eggs, 
etc: an infection, not an intoxication; 
incubation period. = 12-24 hrs 

D. Treatment=chloramphenicol, ampicillin 

rv. 'lhree species = typhi, cholerae-suis 
am enteritidis 

A. Typhi is restricted to hmnans, the 
others are zoonotic 

B. Just one oIganism in each of the 
first two 

c. All of the "old" species are now 
serotypes of enteritidis 
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Septicemia occurs COl1'Im:>nly in infection 

with 

A. Q. typhj, 

B. Q. enteriditis 

c. Q. cholerae-suis 

D. All of the above 

E. A and Conly 

(answer at bottom of page) 

(answer = E) 



SHIGEUA 

I. General Characteristics 
A. Non-lactose fennenter 
B. Differentiated fran SalIoonella by: 

1. acid only fran carl:x:>hydrates 
2. no hydrogen sulfide 
3. non-notile (no H antigens) 

c. Ol:ganisms invade epithelial cells 
D. Disease = high fever, bloody 

diarrtlea; local infection 
E. Treat with trimethoprillVsulfa 

II. Antigenic sutnlcture 
A. Grouping is based on major cell wall 

carlJohydrate antigens (0) 

III. Toxic Metabolites 
A. All have errlotoxin 
B. Sh. dysenteriae prcxiuces an 

heat labile A-BS enterotoxin 
1. effects the colon, not the ilemn 
2. inhibits protein synthesis by 

reaction with 60S ribosome 

VIBRIO CHOIERAE 

I. General Characteristics 
A. Gram negative, ccmna shaped 
B. Motile 
c. Destroyed by heat and disinfectants 

II. Pathogenicity due to 
A. Enterotoxin (choleragen) stim 

ulates adenyl cyclase and increases 
intracellular cAMP. Increases 
the secretion of el, HC03 and H..,O. 
1. A subunit ADP-ribosylates a GrPase 

(ala diIiltheria toxin) thereby 
blocking its control of adenylate 
cyclase. 

2. B subunit binds to G1-1 ganglioside 
of epithelial cells. 

B. Adherence to the gut epithelimn in 
the jejunum and ileum; local 
infection. 

c. Motility is related to adherencei 
motile strains adhere 

III. Related ol:ganisms 
A. y. parahemolvticus causes diarrtleal 

disease; source is shellfish 
B. y. vulnificus causes diarrtleal disease 

as well as septicemia and wound 
infections; source is seawater 

v. cholerae, cont. 
IV. Disease 
A. FOUI'Xi only n man; fecal-oral 

route of transmission 
B. Nausea, marked dehydration 
c. Rice-water stools and mucus 

with 20 liters of liquid lost 
per day 

D. IDeal infection confined to the 
small intestine - no bacteremia 

E. Treatment is ~rtive with 
fluids and electrolytes 

V. InnnLmity 
A. £be to anti.Pody to microbial 

cell wall plus antitoxin 
against the enterotoxin 

<l1olera toxin has an A-ffi 
structure. A is an enzyme 
that ADP ribosylates an 
adenylate cyclase regulatot:y 
protein, increases cAMP in 
the cell, and causes watet:y 
diarrtleai B binds to a cell 
membrane GM-1 ganglioside. 

CAMPYIDBA.CI'ER JEJUNI 

A. '!his organism, related to y. cholerae 
m01:phologically and Iilysiologically, 
is probably the most conunon bacterial 
cause of pediatric diarrhea in the US 

B. Syrrptans = fever, bloody diarrtlea and 
abdominal pain. 

c. Mucosal damage (bloody diarrhea) in 
small and large intestine. 

D. Produces a cytotoxin. 

HELICOBA.CI'ER PYIDRI 

A. cause of peptic ulcers 
B. Presence associated with 

stomach cancer 
c. Strongly urease positive 
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I. E. aeruginosa produces blue-green pus 
due to production of water soluble 
pigm:mts (pyocyanin). It is a 
non-fente'lter. It produces oxidase. 

II. Clinical significance (as an oppor
tunist) 

A. Hospital acquired infections 
1. WolIrDs, blnls, etc. 
2. Urinary tract via catheter 
3. RespiratoJ:Y via nebulizers 
4. High rate of multiple dnlg 

:resistance 
5. Treabnent = tobramycin + 

cartJen.icillin 
B. ca.uses pnemronia in cystic 

fibrosis patients 
C. Produces enterotoxin which 

causes wateJ:Y dian:hea 
D. Produces exotoxin A similar to 

diPltheria (i. e., A and B fragnents; 
interferes with protein synthesis by 
adenosine ribosylating elongation 
factor II) 

E. 'll1.e pseudomonas capsule is composed 
of ca.++ alginate; it acts as an 
antiphagocytic virulence factor 
am is responsible for the micro
colonies seen in l~ of patients 
with cystic fibrosis. 

BACI'EROIDES 

I. Gram. negative, non-sporefonning, 
anaerobic rods 

II. 'lbe predcminant oJ:ganism in the 
bowel 

III. Virulence factors 
A. capsule 
B. Errlotoxin is of minor :i1nportance 

IV. Diseases = aspiration pnemronia, 
pulmonary abscesses, septicemia 

V. Treatment = clindaroycin 
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COOplete the following table: 

5al1oonella Shigella 

acid fran lactose 

acid fran glucose 

gas fran glucose 

hydrogen sulfide 

motile 

Cholera toxin causes diar:rheal di sease 

by---------------------------

Major Causes of Wound Infections 

Surgical 
Traurratic 
Unbilical 
Burns 
Bites 

Stapr.!}rlcx:cx:cus aureus (1) 
Clostridia 
C. tetani 
Pseudaronas 
Pasteurella multcx:ida 

(1) S. aureus also seen in burns 
and umbilical infections 

FUSOBACI'ERIUM 

1. Gram negative anaerobic rod 
II. Nonnal flora oIganism 

A. found in the gut and mouth 
B. Observed as cigar-shaped rods 

III. vi1::ul.ence factors 
A. Errlotoxin 
B. Synergistic growth with other 

bacteria 
IV. Diseases = abscesses, synergistic 

gangrene, periodontitis, vincent's 
angina (trench mouth, acute 
necrotizing ulcerative gingivitis) 

V. Treatment = clindaroycin 



GRAM NEGATIVE RESPIRATORY PATHOGENS 
HAEM:>mIIUS INFIDENZAE 

I. Growth factors - requires both: 
A. X factor - hematin 
B. V factor - NAn 

II. Virulence factors 
A. Polysaccharide capsule 

1. serotypes a-f (b most camnon; 
causes 90% of human disease) 
2. antiphagocytic 

B. Endotoxin 
C. 19A protease 

III. Types of infection 
A. Upper respiratory tract-life 

threatening epiglottitis in infants 
B. rower respiratory tract - pneUIOClnia 
C. Menin;Jitis in young children (2-60 

months) 
D. All of the above are caused by 

encapsulated strains; non-encap
sulated variants produce localized 
infections such as otitis media. 

IV. CUlture - growth in presence of X 
am V factors = Satellite phenomenon 

Most cases of H. influenzae meningitis in 

young children are due to capsular type 

-----; non-encapsulated strains are 

associated with ------------------

Cousins of H. influenzae cause; 

Disease Haenq>hilus species 

pink eye 

Soft chancre 

V. '!herapy - Chloranphenicol am ampicillin 

VI. Prevention - vaccine of type b capsule 
alone or coupled to carrier proteins 
such as tetanus toxoid or outer 
membrane proteins of If. meningitidis 

OORDEl'ELIA PERIUSSIS 

I. Growth 
A. CUltured by cough plate or with 

pemasal swab 
B. Require Bordet-Gengou medium 
c. Colonize ciliated epithelial cells 

of respiratory tract; non-invading 

II. Epidemiology of whooping cough 
A. Highly contagious disease of htnnans 

1. 50% of cases are tmder 4 years old 
2. 67% of deaths are tmder 1 year 

B. Antil:xxties to~. pertussis do not 
cross the placental barrier so new
borns are completely unprotected. 
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(answers on next page) 

'!he drugs of choice for H. influenzae 

meningitis include _______________ _ 

am --------------------------



III. Pathogenicity 

A. 'lhree stages of whooping cough 
1. catarrhal stage 
2. Spaslrodic (Paroxysmal) stage 
3. Convalescent stage 

B. Toxic Products 
1. carl:x:lhydrate capsule 
2. pilus; adherence organelle 
3. Lipopolysaccharide en:iotoxin 
4. PerbJssis exotoxin; responsible for 

lynphocytosis am histamine 
sensitivity 

5. Adenylate cyclase 
c. Localized infection 

IV.IImtunity 
A. Single antigenic type 
B. Killed cell vaccine available 

(opsonic immunity) 
C. New acellular vaccine conposed of 2 

hemagglutinins being developed 
1. fllnbrial HA (adherence pilus) 
2. pertussis toxin HA 

D. Excellent convalescent immunity 

UX:;IONELIA mEXJMOFHIIA 

I. cause of nosocc:mial pneumonia 
acquired fram the erwiromnent, 
e.g., water cooled, air 
corrlitioning units); not man to man 

II. Fastidious Gram negative rod 
III. Facultative intracellular parasite 

IV. Cell mediated immunity :inp:>rtant 
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Answers to "Cousins" question 
Pink eye = H. aegyptius 

Soft chancre = H. ducreyi 

vaccine irxiuced immunity in whooping 
cough is antitoxic/opsonic. 



MYCDPIASMA IN.EI.JM:>NIAE 

I. Similar to Protoplasts, Spheroplasts 
am Irforms of Bacteria 

A. Protoplasts am ~eroplasts are 
laboratory-im.uced forms of bacteria Mycoplasma, protoplasts and spheroplasts 
which contain little or no cell wall: 
irrluced by penicillin or lysozyme. all lack ____________ __ 

B. Drug of choice = tetracyclines or 
erythromycin am 

c. Pathogenesis = organisms attach to 
host cell nenbrane I s sialic acid are resistant to 
residues via a neuraminidase-like ----------
receptor. '!here is no tissue antibiotics. 
invasion, but the production of toxic 
metabolites such as ~02 cause damage 
locally. 

D. Highly plE!Cl1Drphic organisms without a 
cell wall 

E. Require cholesterol for growth; genus 
Acholeplasma do not 

III. Disease = priInary atypical pneumonia (PAP) 

IV. <l1aracteristics of PAP 

A. Non-productive cough 
B. Mi.niInal. physical findings; may be 

myalgia, no pleuritic chest pain 
c. Usually nonnal white blood cell 

count; few polymorphonuclear leuko
cytes in sputum 

D. X-ray findings show pulmonary in
vol vement out of proportion to 
physical findings 

E. Etiologic agents; M. pneumoniae, 
Chlamydia psittaci, Coxiella 
bunletti, adenovirus, respiratory 
syncytical vinls, influenza virus, 
parainfluenza vinls 

F. Histopathology is of an interstitial 
pneumonia with a mononuclear cell 
infiltrate am very little exudate 
into the alveolar space 

G. Disease caused by Mycoplasma, psitta
cosis am Q fever can be treated with 
tetracycline. other etiologies of 
PAP will not respond to antibiotic 
therapy 
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Etiologies of priInary atypical pneumonia 
include: 

1. ________________ _ 

2. -----------------

3. -----------------
4. ________________ _ 

5. ________________ _ 



V. Laboratory Diagnosis of M. pneunpniae 

A. Olltures 
1. Special media required for isola

tion; colonies are beta he.roc>lytic 
2. GrcMt:h requires 1-2 weeks 

B. serology 
1. Non-specific 

a. COld hemagglutinins 
b. streptocoocus J.C agglutinins 

2. Specific 
a. Dye reduction inhibition test 
b. Immmofluo:rescence 
c. catplement fixation 

I. Very silnilar to mycoplasma, but 
hydrolyze urea 

~ Microorganism 

o - 1 1lDIlth E. coli 
Group B streptococci 

1 - 6 1lDIlths Chlamydia 
Respiratory syncytial 
virus (RSV) 

1/2 - 5 years Parainfluenza virus 

5 - 15 years Mycoplasma 
Influenza virus 

16 - 30 years Mycoplasma 

II. Produce extremely tiny colonies (less OVer 30 years streptocoocus pneumoniae 
than 20 microns) hence also called T 
strains (T=tiny) Debilitated Klebsiella pneumoniae 

adults 
III. Etiology inplicated in non~onococcal 

urethritis 

OPmRIUNISTICPA'lHOGENS 

Source Microorganism 

Nanna! Flora (1) canlida 
staphylococcus 
Actinomyces 
PnetnnOCyStis 

Erwirornnent Klebsiella 
Escherichia 
Enterobacter 
serratia 
Pseud.aIoonas 
l£!gionella 
Aspergillus 
Fbycomyces 

1. other nonnal flora may be pathogenic when introduced into nonnally sterile areas 
ex. PID with Bacteriodes, aspiration pneumonia with oral flora, peritonitis with 
gut flora. 
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GENERALIZED GRAM NEGATIVE PATHOGENS 

ALL 3 ARE: FACIJI.JrATIVE lNTRACELII.JIAR 
PARASITES 

ZOONOSES 
'rnEA'IMENT = S'1'REPImYCIN 

YERSINIA PESTIS 

I. Epidemiology of plague 

A. Disease of aniIDals (rodents) 
transmitted to man by 
1. rat fleas (bubonic plague) 
2. direct contact with infected 

animals 
B. Man to man transmission by 

1. hmnan fleas (bubonic) 
2. direct contact - droplet infection 

(pneumonic) 
C. Most cases ocx::ur in rural populations 

in contact with wild animals 
(sylvatic) 

II. V and W antigens - associated with 
virulence, as is capsular polysacchar
ide (F I) 

III. Yersinia enterocolitica 
A. Htnnan gastroenteritis with fever I 

diarmea and cranps, usually in 
children 

B. Produces an enterotoxin similar to ~. 
coli heat stable toxin; I quanyl 
cyclase 

FRANCISELIA 'IUIARENSIS 

I. Epidemiology of tularemia 

A. Disease of rodents (rabbits and 
squirrels) 

B. Transmitted to man by contact with 
infectErl animal, by tick bites, and 
by ingestion of water 

II. 'lWo types of disease 

A. Ulceroglandular 
B. Typhoidal (must be distinguished from 

typhoid fever) 

(answers = C and E) 
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X. pestis is a 

A. facultative intracellular parasite. 

B. zoonotic agent transmitted to may by 

rat fleas. 

C. both 

D. neither 

(answer at bottan, left) 

E. tularensis is 

A. transmitted to man by infectErl ticks. 

B. an obligate intracellular parasite. 

C. susceptible to streptomycin. 

D. all of the above. 

E. A and Conly. 

(answer at left) 

GARmERELIA VAGINALIS 

I. nonnal vaginal flora 
II. causes vaginitis with fishy 

odoriferous dischaJ:ge; may be mixed 
infection 

III. Diagnosis = clue cells; epithelium 
adherent coocobacilli 

IV. treat = metronidazole (same for 
trichcm:>nas ) 



I. Introduction 

A. 'lhree species 
1. Brucella suis - swine 
2. Brucella melitensis - goats, sheep 
3. Brucella al:x>rtus - cattle 

II. Tissuetrogrism - B. abortus 

A. Infection in anil!Ial.s usually limited 
to placenta due to high concentration 
of aythritol 

1. Abortion 
2. Infection of supramammary lynph 

nodes am spillage of organisms into 
milk 

B. In man infection is usually gener
alized 

III. Clinical types of Brucella 
infections 

A. Intennittent-high fever rising to 
101-104 Ci night sweats 

B. Chronic-CNS abnonnalities seen 
C. urdulant-step wise increases in 

t:enperature over a period of days 
D. Malignant - sustained high t:enpera

ture, extreme hyperpyrexia before 
death 

IV. Pathogenicity 

A. Organisms are continually phago
cytosed by the reticuloen:lothelial 
system, then released into the blood 
stream 

B. Virulent organisms resist intracellu
lar killing 

V. Treatment 

A. CClnbination of streptanycin am 
tetracycline rec:x:mnerrled 

B. Chronic nature of the infection may 
necessitate prolcnJed period of 
therapy 
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~. al:x>rtus is a cause of al:x>rtion in 

cattle due to __________ _ 

Treatment of brucellosis involves 



SPIROCHETES 
I. Introduction 

A. organisms 
1. Genus Borrelia 
2. Genus leptospira 
3. Genus Treponema 

B. Mo~ology am Growth 

Genus 
Borrelia 

Leptospira 

Tre}X?nema 

Moniplogy 
IDng with loose 
spirals 
Fine, tight 
spirals with 
hooked en:Is 
Short with tight 
spirals 

IEPl'CSPIRA. 

Oxygen 
Requirements 

micro
aerophilic 
aerobes 

anaerobes 

A. Organism involved - L. interrooans 
B. Description of disease process 

1. Fever with jalll"rlice 
2. Infection of kidney am liver; 

acute heIoonhagic hepatitis 
c. Epidemiology 

1. Parasites of wild am domesticated 
anilnals 

2. Infection by contact with urine 
from infected an:iJna1.s or water 
contaminated with urine 

OORRELIA 

A. organisms involved 
1. ~. burgdorferi - I¥me disease 
2. ~. recurrentis - relapsing fever 

B. Reservoir am Transmission 
1. organism is perpetuated by tick

aniJnal cycle 
2. Maintained in tick by transovarial 

transmission 
3. WOUrrl created by tick bite is con

taminated with secretions and 
excretions of tick 

4. Endemic disease 
5. Reservoirs 

a. Relapsing fever = rodents, humans 
in epidemics 

b. Lyme disease = deer 
6. Vectors (ticks) 

'Ihe organism sha.m above JOOSt likely 

A. can grow in the presence of oxygen. 

B. causes relapsing fever. 

C. causes sexually transmitted diseases. 

D. causes f.Nme disease. 

E. causes acute necrotizing ulcerative 

gingivitis. 

(answer below) 

(answer = A) 

a. Relapsing fever = ami thodorus spp. 
b. Lyme disease = Ixodes darnmani 
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c. Description of Relapsing Fever 
1. abrupt onset with chills, fever 

(3-10 days), generalized pain, 
prostration am delirium 

2. free interval of 1-3 weeks followed 
by several relapses; relapses due to 
emergence of new antigenic types 

D. Borrelia also seen in vincent's 
argina, fuso-spirochetal stanatitis; 
acute necrotizing ulcerative 
gingivitis 

TREPONEMA PALLIIlJM 

stages of syphilis 

1. Primary stage 
a. lesion usually appears 10-30 days 

after infection 
b. Hunterian (hard chancre) -

indolent, indurated ulcer, usually 
single, painless; loaded with 
spirochetes 

2. secondary stage 
a. usually occurs 6-12. weeks after 

chancre 
b. invasion of skin, eyes, blood 

stream, cerebrospinal fluid 
c. ulcerating, necrotic lesions of 

skin (rash), alopecia, rnnnerous 
spirochetes 

3. Tertiary stage [months - years later] 
a. gununata of skin, bones, nervous 

system, no organisms seen 
b. cardiovascular and neurosyphilis 

4. Congenital syphilis 
a. primary and secondary stages oc::o.rr 

in utero 
b. child has latent stage upon birth 

serologic diagnosis of syphilis 
1. VDRL and RPR 

a. antibody measured (reagin) is not 
specific antibody for 1'. pallidum 

2. FTA-abs (Fluorescent Treponemal 
Antibody-Absorption Test) 
a. Sennn contains antibody to organism 
b. Fluorescent labelled antiglobulin 

reacts with Ab fixed to spirochete 
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'!he dn.Ig of choice for 
syphilis is penicillin. 
Erythrcmycin is used in 
cases of penicillin 
allergy. 

ERY'IHEMA aIRONIaJM MIGRANS 

Lyme disease is a con:tition 
of spirochetal etiology which 
is characterized by a migrat
ing erythematous rash that is 
usually followed a few weeks 
later by migratory poly
arthritis. '!he organism is 
spread by the bite of ticks. 
First described as an epidemic 
in Lyme, Conn. '!he etiologic 
agent, Borrelia burgdorferi, 
has a tissue tropism similar 
to treponemas (i. e., heart, 
nerves am bone) • same un
treated patients develop 
cardiac and neurologic 
manifestations. 

Spirochetes are readily 
demonstrated in 
prllnaty/secondary/tertiary 
syphilis. 



BACTERIA, RICKETTSIAE, CHLAMYDIAE 
AND VIRUSES 

CHARACTERISTICS IN COMPARISON 

Characteristic Bacteria Rickettsiae Viruses 
& Chlamydiae 

1. Obligate intracellular + + 
parasite 

2. Growth on lifeless media + 

3. Contain both DNA and RNA + + 

4. Multiple by fission Binary Binary Subunit 
& 

* 
Assembly 

Unequal 

5. Visible with light microscope + + 

6. Contains muramic acid in + + 
cell wall 

7. Independent metabolic + + 
activi ty 

8. Possess ribosomes + + 

9. Susceptible to antibacterial + + 
antibiotics 

* Reticulate bodies multiply and then disintegrate into elementary bodies. 
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RICKEITSIAE AND CHIAMYDIAE 

Properties of theblo groups: 

1. Considered to be bacteria rather than 
viruses because they: 

a. Contain both rNA am RNA. 

Bacterial characteristics of Rickettsia 

include: 

b. M.lltiply by binal:y fission, chlamydia 1-
also multiply by unequal fission 
invol vin;J elementary am retirulate 2. 
bodies. 

c. Contain sane metabolically active 3. 
enzymes. 

d. Contain r:il::x:lscm:!s. 4 • 
e. Resent>le Gram-negative bacteria in 

that they possess a cell wall with 5. 
imler am outer nenbranes. 

f. Are inhibited by antibiotics, e.g., 6. 
tetracycline. 

g. Are obligate intracellular microorgan 7. 
isms, intennediate in size between 
large viruses am small bacteria. 8. 

h. Each group has toxic properties 
associated with the cell. 1his 
eOOotoxin differs from lipopoly-
sacx::haride in that it can be Conplete the followin;J Table: 
detoxified, am is neutralized by 
type-specific antisera. <l1aracteristic Rickettsia 

2. '!he two groups differ, in general as Disease Transmitted by Vector 
follows: 

a. Rickettsiae (R) have an arthropod 
vector; Chlamydiae (C) do not. 

b. R are transmitted by the bite of Tissue Tropism 
the vector; C by droplet or 
contact. 

c. R diseases involve eOOothelial 
lining of blood vessels; C are 
localized infectious processes Drug of 
(e.g., lungs, eyes) Choice 

d. Tetracycline is the drug of choice 
for both. Sulfa is contraindicated 
for R am for psittacosis. 

e. Serodiagnosis of R is by Weil Felix 
agglutination am C fixation. C Serodiagnosis 
diseases are diagnosed by C fixation 
am neutralization. 

f. R have peptidoglycan in cell wall: 
C do not. 
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EI'IOIDGY AND EPIDEMIOIDGY OF RICKEITSIAL DISEASE 

Epidemic typhus 

Brill's relapsing 
typhus 

Endemic or murine 
typhus 

Tsutsugamushi fever 
(Scrub typhus) 

Rocky Mountain 
Spotted Fever 

Rickettsialpox 

AGENTS 

E. prowazekii 

E. prowazekii 

E. tsutsugamushi 

E. rickettsii 

coxiella burnetii 

ARIHROroD 
VECIDR52 RESERVOIR 

human louse Human 

None Human 

rat flea Rodents 

chigger mite Rodents 

tick 

mite 

None; human 
inhalation 
of dried 
infectious 
material, 
ingestion 
of contam
inated milk 

IXlgs 
rodents 

Mice 

cattle, 
sheep, 
etc. 

1 All except C. burneti invade endothelial cells of vasculature; thrombosis = 
rash; Treatment = tetracyclines, chloramphenicol 

2 All vectors are infected for life; some (louse & flea) die of disease 
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Agent* 

Group A: 

Chlamydia trachanatis 

Group B: 

Chlamydia psittaci 

* Treatment: Group A: 
Group B: 

ClIIAMYDIAL AGENTS 

Disease 

Trachana 

Inclusion 
conjunctivitis 

Infant pneumonia 

Urethritis 

Lymphogranulana 
veneretnn; 
salpirgitis 

Psittacosis 

SUlfonamides and/or tetracyclines 
tetracyclines 
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Mode of Transmission 

contact with infected 
htnnan or fresh fomites 

Passage out birth canal; 
ex>ntact . 

Passage out birth canal; 
ex>ntact 

Sex mediated 

Sex mediated 

COntact with sick birds 
an:l their infectious 
excreta; inhalation of 
infectious material from 
birds. 



Agent am 
Disease 

Cryptococcus neofonnans 
menin:Jitis 

candida albicans 
vulvovaginitis, thrush 

Sporothrix schenckii 
lynphadenitis 

Blastomyces dennatididis 
lUIXJ & skin 

Histoplasma capsulatum 
lung am RES 

Coccidioides immitis 
lung am brain 

Mucor & Rhizopus spp. 
Fbycarnycosis 
blood vessels am lung 

Aspel:gillus spp. 
lUIXJs am systemic 

MEDICAL MYCOLOGY 

Infectious* 
Particle 

yeast 

yeast; errlogenous 
infection 

microconidia 

-microconidia 

microconidia 

arthrosJ;x>res 

SIXlres 

APPEARANCE 

encapsulated yeast 

yeast am pseudah}'Iilae in vivo; 
add chlamydospores in vitro 

hyphae: spores in "daisy" 
clusters (Rr) 

h}'Iilae: microconidia (Rr) 
yeast; broadba.sed bud (37) ** 

hyphae: tuberculate 
macroconidia (Rr): 
intracellular yeast (37) ** 

hyphae: arthrosJ;x>res (Rr) 
spherules (37) ** 

coenocytic hyphae, 
sporan;:Jia 

septate hyphae am SIXlres 

* Only 2 d.ennatohphytes spread from man to man 1M. audouini & 1. tonsurans), 
the rest are enviroI'llOOtltal or noma! flora. **Dimorphic (37C=yeast, 24C=m:>ld) 

IroJg 
Amphotericin B* 

Ketokonazole 
Clotrilnazole 
Miconazole 

Flucytosine 

Potassitnn iodide 
Griseofulvin 
'lblnaftate 

ANI'IFONGAL DRUGS 
Agents/Diseases Mechanism of action 
Systemic fungi, e.g. Binds to ergosterol in cell membrane; 

Risto, Cocci, causes pore fonnation am cytosol 
Blasto, Crypto, leaks out 
Aspergillosis 

Most systemics except Similar to amphotericin B 
aspergillosis 

yeasts, carxtidiasis 
Cryptococcosis 

Sporotrichosis 
Dennatophytoses 

II 

Incorporated into RNA am blocks 
protein sythesis 

Unknown 
Interferes with cell division 
Unknown 

* Related polyene, Nystatin, is limited to topical use vs candida 
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MEDICAL PARASITOLOGY 

EPIDEMIOIDGY AND PA'lHOGENESIS OF 
PARASITIC ~CNS 

'IRANSMITI'ED VIA INGESTION OF OVA 

Parasite Pathooenesis 

Enterobius Adults in rectum ani colon; 
vennicularis Most cx:moon parasite of 

children; anal pruritis. 

Ascaris Adults in small intestine; 
lumbricoides light infections asyrrpto 

matic; occasional intestinal 
obstructions or abno:rmal 
migrations of adult in heavy 
infection. 

Toxocara Larvae invade various 
canis organs; mark eosinophilia; 

-t IgEJ hepatosplenomegaly, oc.ca 
sionally retinal granuloma 
due to larval migration. 

Trichuris Adults "in colon ani rectum; 
trichiura light infections asynpto

matic; heavy infections may 
cause dianhea, tenesmus ani 
rectal prolapse. 

Taenia Larvae (cysticercus) in all 
solitnn tissues; <NS damage may be 

serious. 

Ec::hi.nococcus Growth of hydatid cyst 
qranulosus damages liver or lung. 

Corrplete the Following Table: 

Aaent DJ.SeaSe 

Taenia 

Anal pruritis 

Echinococcus 

visceral larval 
migrans 

Disease = 
Toxoplasma 

ReseJ:voir = 

Muscle pain, ocular 
edema, eosinophilia 

Giardia 

B12 deficiency ani 
macrocytic anemia 

Naegleria 

Iron deficiency 
anemia 

Strongyloides 

I 
( 
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TRANSMISSION VIA INGESTION OF crSf 
EntaIroeba Primary ulcers in large 
histolvtica intestine; secc:>mazy 

Giardia 
lamblia 

ToXoplasma. 
gondii 

abscess in liver or other 
organs. 

Asynptamatic to protracted 
diarrhea. 

Usually asymptomatic in 
adults; serious CNS damage 
to fetus if IOOther infected 
during pregnancy. Obligate 
intracellular parasite. 
cat rese:rvoir. 

TRANSMISSION VIA INGESTION OF IARVAE 

Trichinella 
spiral is 

Taenia 
saqinata 

Taenia 
solium 

Diphylo
bothrium 
labnn 

Adults cause GI disturt:>
ances; larvae cause ImlSCle 
pains, ocular edema, eosin
ophilia. 

Adult in small intestine 
may cause vague GI 
disturbances 

Adult in small intestine 
may cause vague GI 
distw::bances 

Vague GI distw::bances i 
rarely vitamin Bl2 
deficiency with macro
cytic (pernicious) 
anemia. 

TRANSMISSION VIA lARVAL PENEl'RATION OF 
SKIN 

Necator 
americanus 

or 
Ancylostoma 
duodenale 

Adults in small intestines; 
light infections are 
asymptomatic i heavy 
infection plus malnutrition 
causes hypoalbuminemia and 
iron deficiency anemia. 

strongyloides Adults in small intestinal 
stercoral is mucosai symptoms vary, Le. 

TRANSMISSION VIA CERCARIAL PENEIRATION OF 
SKIN 
SChistosoma 
mansoni 

or 
~. japonicum 

Granulanatous reactions to 
eggs deposited in 
intestinal verrules or those 
trapped in liver or other 
organs. 

TRANSMISSION VIA BITE OF ARIHROFOD VECroR 

Plasmodium 
vivax. etc. 

[vector = 
Anopheles 
IOOSqUito] 

Onchocerca 
volvulus 

[vector = 
Simulium 
fly] 

WUchereria 
bancrofti 

[vector = 
Anopheles 
IOOSqUito] 

leishmania 
[vector = 
sarrlflies] 

Trypanosoma 

Fever, nusculoskeletal 
pains, severe headache, 
diarrhea; capillary 
cxx:::lusions in falciparum 
are especially dangerous. 
larvae develop into adult 
WOntlS in subcutaneous 
tissue; cause fonnation of 
turoc>r-likenodules • 
Microfilarial fonns migrate 
through eye am may cause 
blindness. 

Larva develop into adults 
in lynphatics. Host's 
:inmediate am delayed 
allergic responses to these 
causes lYITPladenitis which 
may develop to 
elephantiasis. 

Hyperplasia of cells of 
the RES. May be localized 
cutaneous ulcer or severe 
systemic disease. 
T. cruzi = Olagas' disease 
[vector = reduviid bugs] 
T. gambiense = African 
sleeping sickness 
[vector = tsetse fly] 

TRANSMISSION VIA DIRECl' a:>NTAcr AND/OR 
INVASION 

Trichomonas 
vaginal is 

asymptomatic, mucoid Naegleria 

Local, non-fatal diseasei 
usually symptomatic in 
females as vaginitis 
Travel up olfacto:ry to 
brain; cause amebic 
meningoencephalitis. 

diarrhea with malabsorption fowleri 
potentially fatal in inmmo-
logical comprised host (e. g. 
AIDS) due to autoinfection. 
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Nematcrles (Roundworms) 
Enterobius vermicularis 
(pinwo:rm) 
Ascaris lubricoides 
Trichuris trichiura 
(whipworm) 
Necator americanus am 
Ancylostana duodenale 
(hookworms) 

PARASITE OIEMJIHERAPY 

MEBENDAZOIE 

S'tl."onJYloides stercoralis --. 'JlIIABENIl1l.ZIE 

Trenatcrles (Blood flukes) 
Schis1:osana mansoni 
Schistosana japoniann > 
Schistosana hematabium 

Cestodes (Tapeworms) 

Taenia saginata > 
Taenia solium 
Dililyllobothrium latum 
Hymenolepis nana 

Protozoa 

PRAZlQUANI'EL 

NICIDSAMIDE 

EntaIooeha histolytica 
Trichomonas vaginalis 
Giardia laroblia 

---II~. MEIRONI~OIE* 

Plasroodirnn 

an.o~ for vivax 
Y malariae 

falciparum, and 
ovale 

am add 

PRIMAQUINE for vivax, am 
ovale 

Toxoplasma gondii -------t.~ PYRlM8IHAMINE** & SULFADIAZINE 

Pneumocystis carinii ----til.~ TRIMEIHOPRIM & SULFAMEIHOXAZOIE*** 

* also useful vs. anaerobes, Gardnerella, quinacrine also used vs. Giardia 
** Teratogenic - do not use in first trimester 

*** Pentamidine is used in patients who find TIS toxic 
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MECllANISMS OF ACI'ION OF ANI'IPARASITIC DRUGS 

SUlfonamides 
Tr:hnethoprim 
Mebendazole 
'lhia1.::lerrlazole 
Praziquantel 
Niclosamide 
Metronidazole 
Quinine drugs 

Blocks conversion of PABA to dihydrofolic acid 
Inhibits dihydrofolate reductase 
Blocks glucose uptake 
Inhibits ftnnarate reductase 
Induces loss of ca++ with :muscular spasms in parasite 
Uncouples phospho:rylation 
Alkylation of LNA 
Intercalates into dsLNA of blocks LNA synthesis 
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DNA VIRUSES 
HERPES VIRUSES 

P~rties Qf tOO ~ 
Enveloped dsDNA viruses with 
cubic synmetJ:Y. Mlltiply 
in the nucleus 

~s sinplex serot~ 1 & 2 

~olO9Y 
Man is tOO only host; spread 
by close contact. 

Clinical features 

Primary disease 
Vesicular lesions of the mouth, 
lips, etc seen in young children 
Recurrent disease 
The heIpes viruses have a great 
propensity to develop latent 
infections (i. e., the disease 
di~s but the virus stays 
hence recrudescence of disease 
can occur later). Cold sores 
(staDatitis) are vesicular 
lesions which may be triggered by 
fever, trauna, rrenses, stress, etc. 
Neonatal disease 
A rare but highly fatal infection 
of the neonate characterized high 
fever, jaundice and encephalitis. 
Other diseases 
The most corrmon are genital sores 
particularly with the type 2 virus; 
keratitis and encephalitis are 
more serious but less carmon. 
Bel:petic whitlow is an infection 
Qf the end of the finger. It occurs 
carm:mly in dental professionals. 

Treatrrent 

Acyclovir is a veJ:Y effective 
drug; Ara C is also useful as are 
idoxurid.ine and trifluorothymid.ine 

Diagnosis 

CUlture or inmunofluorescenca stain 
or Tzanck stain to see multinucleate 
cells with intranuclear inclusions 
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HeI:pes viruses 

1. are QNAIRNA 

2. are single/double straOOed 

3. are nakedlenveloped 

4. multiply in the 

nncleUS/<$.QPJasm 

5. have helical/cubic 

syrrrretry 

Drugs that are effective 

against Herpes sinplex include 

1. 

2. 

3. 

Most cases of genital bel:pes 

are caused by type ..lL2. 

The herpes infection at the 

ends of fingers and around 

nails is called -----
It is an 

occupational disease of 



varicella (chickenpox or Hapes zoster) 

Serotype 
'!here is only one serotype of the 

varicella-zoster virus 

Epidemiology 
1. Man is the natural host 
2. '!he overall incidence of infection is 

very high. 
3. Transmission probably follows inhala

tion of infective aerosols, or direct 
skin contact 

Clinical features 
1. '!he onset is sudden, with a rash pro

gressing fran macules to papules to 
vesicles. PUstules do not develop; 
there is no scarring 

2. '!he lesions appear in successive 
crops over 3 to 4 days 

3. '!he lesions are distributed chiefly 
on the trunk am face 

zoster (Herpes zoster or shingles) 

Epidemiology 
'!his dj sease occurs chiefly in adults, 
most of whan give a history of having had 
varicella. Infection is communicable 
fran as early as 5 days before to one 
week after the rash first appears 

Pathogenesis 
'!he virus probably persists in cells of 
the root ganglia after an attack of vari
cella, am is activated later with a 
resultant inflammatory reaction along the 
nerve followed by destnlction of the 
epithelial cells served by that nerve 

Clinical features 
1. Erythematous maculopapular lesions 

develop, am on the trunk these have a 
band-like distribution 

2. A disseminated fonn of disease is 
sometimes seen in patients who have 
received ilmnunosuppressive therapy or 
radiotherapy 
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Herpes zoster causes 

A. chicken pox 

B. cold sores 

C. shingles 

D. all of the above 

E. A am Conly 

(answer at bottom) 

Positive heterophile hemagglutinating 
antilxxties are seen in infectious 
mononucleosis caused by 

A. Cytomegalovirus 

B. Epstein-Barr virus 

C. Both 

D. Neither 

[see next page for answer] 

[answer = E] 



Infectious m::monucleosis 

Etiologic agent (Epstein-Barr) 
herpesvirus. 
EPidemiology 
1. Man is the natural host 
2. Infection is JOOSt c::cmoon in youn;J 

adults 
3. Incidence of infection is high 
4. Mode of transmission; inhalation 

of infective aerosols during 
close personal association 

5. Viruses associated with Burkitt's 
lyqilaDa an:3. ~eal carcinana 

Serodiagnosis 
'!he heterophile agglutination test 

detects a IgM hemagglutinin vs sheep RBC 

cytomegalic inclusion disease 

Etiologic agent 
cytcmegalcwirus; l11llltiple serotypes 
are known 
EPidemiology 

1. Man is the only known natural host 
2. '!he virus can be transmitted across 

the placenta an:3. cause congenital 
infection. '!he IOOde of postnatal 
transmission is unclear, but the 
virus is excreted in saliva, semen, 
milk am urine 

Clinical features 
1. Intrauterine infections may cause 

death of the fetus, or result in con
genital disease which is frequently 
fatal. In those who survive, hepato
splencmegaly with jaurrlice, blood 
dyscrasias, cerebral calcification, 
mental retardation, mircocephaly and 
chorioretinitis are carmnon sequelae 

2. Postnatal infections are usually 
syrrptanless in infants an:3. children, 
but occasionally hepatitis, pnel.mlOD
itis or acquired hemolytic anemia 
develop 

3. In patients with malignancies, AIm, 
or those receiving immunosuppressive 
therapy, hepatitis, pneumonitis, 
infectious m::monucleosis-l.ike disease 
(with negative hetrophile) ,pnel.mlOnia, 
or even generalized disease may 
develop, possible resulting fran the 
activation of latent virus 
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Burkitt's lyqilaDa occurs in yamg black 
males in Central Africa. '!he disease is 
the result of the translocation of a 
piece of chrOIoosane 8 which contains! an 
oncogene (c-myc) to the D-J joining 
region or an S switch region in the 
imrm.moglobulin H chain locus of c.hl:'alo
scme 14. Apparently this occurs while 
pre-B cell is urnergoing rearrar:gement 
of genes preparatozy to production of 
antibodies. once the c-myc oncogene 
is translocated to this genetically 
active site it gets turned on an:3. its 
product, a nuclear biIxling protein that 
is involved in cell activation, is made 
in abnonnally high aIOOUnts driving the 
the cell to repeated :replications. 

Epstein-Barr virus is associated with 
what two hmnan malignancies (see 0nco
genic viruses section)? 

1. 

2. ----------------------------

Human Herpes virus 6 
causes sixth disease 

[exanthem subitum] 

Parvorvirus B19 is 
the cause of fifth 
disease [eJ:ythema. 
infectiosmn] 

(answer = B) 



ADENOVIRlJSES 

Properties of the group 

1. Naked viruses, which. have an 
icosahedral IUlClecx::apsid, contain 
double-strarrled I.'NA am replicate in 
the IUlCleus 

2. '!here are m:>re than 40 hmnan 
serotypes, sane cause tumors in 
anllnals 

Diseases caused by adenoviruses 

A. R1aryrgo-conjunctival fever 

1. Particularly CClIlUOOIl in military 
recnri.ts; in the general population, 
only about 5% of all respiratory 
illness is caused by adenoviruses 

2. '!he m:xle of transmission is via infec
tive aerosols or fresh fanites 

3. Bronchitis am pneulTOnia sanetimes 
occur, the latter usually in infants 

B. Epidemic keratoconjunctivitis 

1. Associated with serotype 8 
2. o..rtbreaks in certain irxlustries are 

associated with minor ocular trauma 
resultin:J fram dusty atltDsphere 

c. Exanthem 

Adenovirus is possibly responsible for 
a rubellifonn rash 

D. HeIlDrrllagic Cystitis 

Particularly in children 

PARVOVIRUSES 

Properties of the group 
1. Naked, sin:Jle strarxied rnA 

Diseases caused by Parvovirus B19 
1. Fifth di sease (erythema infectiosmn) 

a. prilllarily a disease of children 
b. in individuals with chronic 

herrDlytic diseases such. as sickle 
cell disease or thalassemia B19 
infections can precipitate an 
acute, sometimes fatal, anemia. 

Adenoviruses are 

1. r:NA/RNA. 

2. single/double strarxied. 

3. naked/enveloped. 

4. multiply in the nucleus/cytoplasm. 

5. helical/cubic synunetry. 

Diseases caused by Parvoviruses include 

1. 

2. 

3. 
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PAroVAVIRUSES 

Properties of the group 

Naked viruses, which have an icx:>sahedral 
nucleocapsid, oontain ds~, and 
replicate in the nucleus 

Papilloma virus 
Several serotypes affect humans 

EPidemiology 

1. Man is the only known host 
2. '!he mode of transmission is prestnnably 

by direct contact 

Pathcx:renesis and pathology 

Replication occurs in the epithelial 
cells of the skin, virus causes a benign 
neoplasm. Papilloma #16 has a high 
association with cervical carcinoma 

Clinical features 

'!he cannnon wart - serotypes 1 and 4 
cervical carcinoma - serotypes 16 and 18 
condyloma acuminatum - serotypes 6 and 11 

Polyoma virus 

causes many different malignancies in 
several animal species 

Vacuolating virus 

A sman virus (SV40) causes tunDrs when 
inoculated into newborn animals. Also 
transfonns cells in culture 

JC virus 

Has been isolated from iImnunoca:tpransed 
iniividuals and fran the brains of 
patients with progressive 11Illtifocal 
leukoencephalopathy. Most humans have 
specific antibody vs. the JC virus 
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'!he papovavirus responsible for the 

cannnon wart is ----------------------

'!he papovavirus associated with 

progressive 11Illtifocal 

leukoencephalopathy is 

Papilloma virus serotype 16 is associated 

with 



Properties of the group 

catplex ellipsoid viruses, which contain 
double-stran:ied I:NA, replicate in the 
cytoplasm; virion contains many enzymes 
(e.g. I:NA-deperrlent RNA polymerase) 

smallpox 
Epidemiology 

1. Man is the only natural host; disease 
has been eradicated fram the planet 

2. smallpox is transmitted by inhalation 
of infective aerosols through 
personal a.sscx:iation, or by 
contaminated fomites such as bedding 

Treatment 

Methisazone, which is of value prophy
lactically, is also useful in treating 
dennal conplications following vacx::ina
tion. It blocks synthesis of certain 
viral proteins thus inhibiting viral 
replication 

Artificially-acquired immunity 
Active (vacx::ination) 

IImrunization is carried out with live 
vacx::inia virus 

Molluscum. contaqiOS\.m\ 
Epidemiology 

Infection probably occurs through minor 
abrasions, and in swimming pools 

clinical features 

Multiple discrete benign tumors appear on 
the skin anywhere except on the palms and 
soles; the lesions last for several 
months, and then disappear spontaneously 
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Poxviruses are 

1. OOAIRNA. 

2. single/double stranded. 

3. naked/enveloped. 

4. multiply in the cytoplasm/nucleus. 

5. helical/cubic/complex synnnetry. 

A Poxvirus which causes benign 

skin tumors in hUlllal1S is 



RNA VIRUSES 
ORIHCMYXOVIRUSES 

Properties of the group 
1. Enveloped viruses, helical nucleo

capsid, contain 8 distinct segments of 
si.nJle-strarrled RNA and replicate in 
roth nucleus and cytoplasm 

2. orthomyxoviruses cause influenza 

Serotypes 
1. '!here are 3 serotypes: A, B and C. 
2. Each contains 2 surface antigens (H 

and N): 
a. A hemagglutinin (H) which enables 

the virion to attach to receptors 
on the cell surface 
b.A~~ (N) which 

facilitates the release of progeny 
virus from infected cells 

3. '!he 2 surface antigens of serotypes A 
and B undeJ:go frequent antigenic 
changes (caused by point mutations) 
resulting in antigenic "drift" 

4. Antigen "shift" is a much more 
drastic change which is caused by 
reassortm;mt of RNA segzrents of the 
viral (human or animal) genome 

5. All kncMn pandemics have been caused 
by serotype bIJJ!.S; influenza virus. 
(answer at rottom, right) 

Serodiagnosis 

Using the hemagglutination-inhibition 
technique, the patient's sennn can be 
tested for antibody against a particular 
strain of virus. 

Antiviral therapy 

Amantadine hydrochloride (8yImnetrel) is 
used as a prophylactic drug before or 
inunediately after exposure to influenza A. 
It acts by blocking penetration of the 
virus into cells and also blcx::ks uncoating 
of the virus. 

Artificially-acquired immunity 
Induced by egg-deri ved virusess inactivated 
by fonna.lin or by subunit vaccines 
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Reye's syrrlrome (encephal
opathyand fatty liver) is 
associated with type B, and 
perhaps also with other 
viruses (e.g. chickenpox). 
Salicylates may also be 
involved in the pathogenesis 
of the disease. 

Influenza is an ssRNA vinlS whose genome 

is in ------------------------------
segments. It agglutinates RBCs through 

the action of its ------------------
the enzyme ________________________ _ 

facilitates progeny release. 

(Pandemics = A) 



PARAMYXOVIRUSES 

Properties of the group 

Enveloped viruses, helical nucleocapsid, 
contain sinJle-strarned RNA, am repli
cated in the cyt:cplasm. '!he measles 
virus is known to replicate in both 
nucleus am cyt:cplasm 

Parainfluenzavirus infections 

'!he viruses cause a variety of upper am 
lower respirato:ry tract illnesses; cold
like ills, phal:'yrr;Jitis, bronchitis, 
bronchiolitis am pneum:>nia. In youn;J 
children, the viruses are the COI1UlX>nest 
cause of acute lcu:yngotracheobronchitis 
(croup) 

Respiratory Syncytial virus (RSV) 
Infection 

1. In the infant, severe necrotizing 
bronchiolitis can cx::cur; 
bacterial c::atplications are COllll1K)n 

2. RSV is the IOOSt cx:mron cause of viral 
pneunoria in infants 

3. Reinfection occurs cx:mronly, but is 
usually mild am confined to the upper 
respirato:ry tract, frequently 
resultinJ in the COllll1K)n cold syOOrorre 

4. Ribavirin is used in therapy in 
patients likely to have serious 
disease am sequelae (e.g., patients 
with a histo:ry of corona:ry heart 
disease) 

1. SUdden onset of swelling of the 
parotid glarrls, usually bilateral 

2. SUbnaxilla:ry am sublingual glarrls may 
also be involved 

3. Inflammation of the testis (orchitis) 
often occurs in males past puberty, 
but testicular atrophy or sterility is 
rare 

4. Meningitis is a relatively COI1UlX>n 
c::atplication 
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Respirato:ry syncytial virus is the most 

COllll1K)n cause of ---------------------

COItplications of mumps infection include 

1. ---------------------------------
2. ---------------------------------

Paramyxovirus infections with agents such 

as RSV can be treated with -----------

'Ibis chemotherapeutic is very expensive, 

hence treatment is liInited to patients in 

which the disease may be 

life-threatening. 



Measles 
1. cytopathic effect = 111Ultinucleated 

giant cells with nonspecific cyt0-
plasmic and lUlClear inclusions 

2. Prodranal signs are ~ia, 
fever, c::x:>Ugh, coryza, conjunctivitis 
and appearance of Koplik' s spots 
in the IOOUth 

3. viremia 
4. After 3 days, a rash starts 

on the head and spreads to chest, 
trunk and limbs in the next day or 
two: the rash disappears slowly 

5. May have a transient depression of 
cell mediated inmme responses 

6. CCmplications are fairly COIDlOOn, and 
saneti.mes severe: 'Ihese include -
otitis media and pneunv:>nia 

7. Enoephalcmyelitis: rare, occurs 1 to 
2 weeks after the rash, and is ass0c

iated with a high llDrtality rate 
8. SUbacute sclerosiD:J panencephalitis 

may be a post-infection sequela 
9. May be transient depression of cell 

mediated inmmity durin;J infections 

ARENAVIRUSES 

Properties of the group 

Erweloped RNA viruses 
Rodent reservoirs: no vector; 
dj sease acquired via contact 
with rodent urine, etc. 

Lymphocytic choriomeningitis 

A disease usually manifest as "aseptic" 
meningitis or a mild influenza-like 
illness, rarely as a severe encephalo
myelitis. '!he natural host of the virus 
is the mouse 

Hem:>rrhagic fever with bradycardia, 
neurologic manifestations and shock 

Prodranal signs of n-easles include 

1. -----------------------------
2. ____________________________ _ 

3. ____________________________ _ 

4. ____________________________ _ 

5. -----------------------------

Complications of measles include 

1. 

2. -------------------------
3. -------------------------
4. ________________________ _ 
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Classification 

1. '!he arlx:JViruses encompass a hetero
genous collection of some 400 viruses 
related only by the epidemiological 
fact that they are arthropod-borne 

2. '!he so-called • arlx:JViruses • alternate 
between an irwertebrate vector and a 
vertebrate reservoir 

3. Al:ixJviruses belong to several viral 
families: Tooaviridae, Bunyaviridae, 
Reoviridae, Flaviviridae and 
others 

Epidemiology 

1. '!he cycle of transmission of these 
viruses is from arthropod to 
vertebrate host and back to arthropod 

2. '!he arthropods irwolved are cammonly 
IOOSqUitoes, but sometimes ticks, 
sandflies and gnats act as vectors 

3. '!he natural hosts, which act as 
reservoirs, include birds, reptiles, 
mammals and, rarely, man 

Arthropod-borne viral diseases belong to 

the following viral families 

1. ______________________________ _ 

2. -------------------------------
3. ______________________________ _ 

4. 

There are four major pathogens 

in the Parainfluenza group: 

BUNYAVIRUSFS 1. 

Bunyamwera viruses are enveloped, 2. 
spherical viruses with helical synnnetry. 
'!hey are similar ecologically to the 3. ______________________ __ 
togaviruses and are arthropod-borne 
(artx:JViruses) • '!he single-stranded RNA 4. 
is composed of three segments. '!he 
pathogenesis of disease is similar to the 
toga viruses (encephalitis). One group of 
this diverse family of viruses which has 
been associated with encephalitis in 
htnnans is california viruses, first found 
in California and Il'Ore recently in other 
parts of the USA 
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Arl:xJvirus encephalitis 
Most aD::xwinlses are antigenic groups A 
or B. 'Ihey are enveloped ssRNA vinlses 
with (+mRNA) genome 

1. 'Ihese encephalitides in the USA 
include Venezuelan, Western and 
Eastern equine vinlses 

2. '!he usual reservoir is birds, and the 
vector is the nDSqUito 

3. Clinical findings include fever, 
chills, headache, widespread muscular 
aches, drowsiness, nuchal rigidity, 
convulsions, paralysis, coma and 
death. (EEE has 50-70% IIDrtality rate) 

FIAVIVIRUSES 

Yellow fever 
1. 'Ihe natural host is the IIDnkey, and 

the vector is the Aedes IOOSqUito; two 
fonns of yellow fever, the urban and 
the jungle (sylvatic), are recognized 

2. In the urban type of yellow fever, man 
is the main reservoir, and the trans
mission cycle is man-IOOSqUito-man 

3. In the jungle type, the monkey is the 
main reservoir, and the cycle is 
IIDnkey-IOOSqUito-monkey with man being 
infected occasionally 

4. '!he outstanding feature in cases of 
yellow fever is the extent of damage 
to liver and kidney in severe cases 

Dengue 
1. Man is the reservoir for this virus 
2. '!he onset of illness is characterized 

by fever, chills, headache, conjunctiv
itis, lymphadenitis, severe pain in the 
back, muscles and joints ('break-bone 
fever') 

3. Fever often falls, then rises again 
within a week ("saddleback ClllVell ) 

4. Denque hemorrtlagic fever is a severe 
disease with a 10% IIDrtality which 
occurs in individuals who have passive 
maternal antibody or have recovered 
from a previous attack by a different 
denque serotype. Virus/antibody 
COIlplexes fonn early in the disease; 
they activate complement with the 
result of DIC and shock. 
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Clinical signs of viral encephalitis 

include 

1. 

2. 

3. 

4. 

5. ____________________________ __ 

6. 

7. 

8. 

9. 

ARENAVIRUSES 

1. Rodents are the reservoir 
2. No arthropod vector 
3. Man gets infected by contact, 

inhalation of infectious 
animal excreta (ICM) 

4. Man-to-man transmission also 
occurs (Iassa fever) 



Properties 

Envelc.p:!d virus, which contains single
st:raIXIed RNA, am replicates in the 
cytoplasm. 'lhere is only one serotype. 
'!he rubella virus is classified with 
Togaviruses; however, it is NOr an 
arthropexi-oozne disease, but rather is 
droplet spread 

Clinical feature of postnatal rubella 

1. 'lhere is enlargement of lynph nodes 
with conjtmetivitis, often followed by 
a fine macular rash; slight fever may 
cxx::ur 

2. '!he main risk of this infection is 
that it may occur in a non-i.mm.me 
wanan during the first trimester of 
pregnancy, with serious consequences 
for the fetus 

Clinical features of prenatal rubella 

1. 'lhe risk of corgenital malfonnations 
is greatest when the Irother is 
infected during the first trinester of 
pregnancy 

2. One or lOOre of the following features 
may be present: 
a. Blimness 
b •. Deafness 
c. Congenital heart defects 
d. Mental retardation (often with 

microcephaly) 

194 

Rubella virus is 

1. L'NAJRNA. 

2. single/double stranded. 

3. nakeq;enveloped. 

4. multiplied in the nucleus/cytoplasm. 

Replication of Rubella virus occurs in 

the following stages (see viral 

Replication section) 

1. 

2. 

3. 

4. 



RHABlXJVIR[JSES 

Prg?erties of the group 
1. Bullet-shaped enveloped viruses, which 

contain single-stranded RNA, have a 
helical nuclecx::::apsid, replicate in the 
cytoplasm, and are released by 
bldding. 

2. '!he group includes the virus respon
sible for rabies 

Rabies 

Serotvoes: '!here is only one serotype of 
rabies virus 

Epidemiology 
1. '!he natural hosts include many kinds 

of mammals especially bats and. skunks 
2. '!he usual IOOde of t.ransm1ssion is by 

inoculation (bite). Infection may 
rarely result from inhalation of 
infective aerosols from bat 
secretions 

. PathCXJenesis 
1. virus spreads along nerves to the CNS. 
2. '!he virus causes destnlction of ne1:Ve 

cells am demyelination; the highest 
concentration is usually found in the 
hippocampus 

Artificially-acquired immunity 

vaccines 
1. virus is grown in human diploid cells 

an::l inactivated. Weekly, SUbQ 
injections for 4 to 6 weeks are 
adequate. Human cell source virus has 
resulted in significant decrease in 
neurologic complications of 
vaccination 

2. Passive antibody in the fonn of rabies 
iImnune globulin is also available 

Treatment 
1. Wound nrust be thoroughly cleansed 
2. Inject rabies immune globulin (human 

origin) into the wound and I M 
3. start the vaccine :innnediatel y at 

another site 

Diagnosis 
1. Detain animal and observe for signs 
2. Examine brain for Negri bodies 195 

'!HE NEGRI OODY IS. '!HE 
lNcruSION SEEN IN '!HE 
CY'lOPIASM OF CEUS m 
'!HE HIPK>CAMFUS AND 
arnER CNS AREAS. 

'!be replication cycle of the rabies virus 

includes the following stages 

(see viral Replication section) 

1 

2 

3. 

4. 



PICDRNAVIRUSES 

'!here are 2 groups of small (pico) RNA 
viruses, the enteroviruses and the 
rtrinoviruses 

EN'l'EROVIR[JSES 

Properties of the group 

1. Naked viruses, icosahedral nucleo
capsid, contain single-stranded RNA, and 
replicate in the cytoplasm 

2. '!here are 4 subgroups: polioviruses, 

'!here are 5 virus groups classified as 

small RNA viruses 

coxsackieviruses, echoviruses, and 2. 
hepatitis A 

3. 
Pathology 
1. Most infections are subclinical 4. 

2. virus multiplies first in the pharynx, 5. 
small intestines and local lynph 
nodes 

3. Viremia follows, with spread of virus 
to the brain and spinal cord 

Polioviruses 

1. A fonnalin-inactivated viral vaccine 
(Salk) containing all 3 serotypes is 
available for injection 

2. A live attenuated viral vaccine 
(Sabin) containing either a single 
serotype or all 3 are given orally. 
It irnuces sIgA in addition to IgG and 
IgM and i.nprrt:s .i.nmtunity of long 
duration. May be dangerous in 
iImnunosuppressed irrlividuals (use 
salk vacx::ine) 

3. Clinical diseases 
a. Most cases are subclinical 
b. Aseptic neri.ngitis 
c. Poliomyelitis-an acute disease 

which causes flaccid paralysis. 
'!he virus replicates in many cells 
in the body. '!he target cells are 
the notor neurons in the CNS where 
destruction causes paralysis 
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A. Salk vaccine 

B. Sabin vaccine 

c. Both 

D. Neither 

1. Confers intestinal .i.nmtunity 

2. Confers innmmity to viremic phase of 
infection 

3. Not recarmnended for patients with 
Bnlton I s disease 

(answers on next page) 



coxsackieviruses 

'1hese viruses are classified as either A 
or B deperrlin:J on their pathogenicity for 
mice 

Clinical features 

Infection may be i.l1awarent, or result in 
illness rarginj in severity as far as 
lethal di sease. Several different fOnDS 
of illness can develop as follows: 

1. Ha:parqina (vesicular pharyngitis) is 
the CCIlIlIDIleSt manifestation of 
infection by A-serotypes 

2. "Aseptic" meningitis can be caused by 
sane A-serotypes or any B-serotypes 

3. Epidemic myalgia is a c:::c.ttm:>tl manifes
tation of infection by B-serotypes 

4. Myoca:rditis or pericarditis can occur 
in infants fran a B-serotype infec
tion, am B-serotypes ocx::asionally 
cause a myocardiopathy in children or 
adults 

Echoviruses 
Clinical features 

1. Menin:Jitis is COll1lOOnly caused by 
echoviruses, :but pennanent paralysis is 
very rare 

2. skin rashes, pharyngitis am fever may 
occur 

3. Echoviruses are a cause of a cold-like 
disease 

4. Gastroenteritis am infantile dian:hea 
have been associated with echovirus 
infection 

Hepatitis A is considered to be in this 
group . as well. (cf section on hepatitis 
viruses for more infonnation on this 
agent) 

answers 
l=B 
2 = C 
3=B 
4=A 
5 = A, B 
6=B 
7=B 
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Match the disease with the Coxsackie 

virus. 

serotype A 

serotype B 

___ 4. vesicular pharyngitis 

5. aseptic meningitis ---

___ 6. myocarditis 

___ 7. pericarditis 

(answers at left, bottom) 

C11emically pure 

picomaviral RNA 

CAN/CAN NO!' 

produce progeny 

when introduced 

into host cells. 



RHINOVIRUSES 

Properties of the group 
Naked icosahedral viruses, contain 
single-strarrled RNA 

Serotypes: 

More than 100 serotypes are known 

1. 'lhese viruses are the COIDlOOnest 
cause of the COllIllOl1 cold (rhinitis, 
rlllnorrea) 

2. Rhinoviruses usually remain localized 
in the nasal mucosa 

Artificially-acquired immunity 

In view of the rnnnber of serotypes, the 
development of a vaccine is not 
practicable 

CALICIVIRUSFS 

RNA virus which is single strarrled. 
Etiologically associated with 
sporadic acute gastroenteritis in 
children 

REDVIRUSFS 

Properties of the group 
1. Naked icosahedral viruses, contain 

double-strarrled RNA 
2. Reoviruses can be isolated from feces 

am respiratory secretions of healthy 
persons, as well as from patients with 
a variety of illnesses, e.g., 
rhinitis 

3. Rotaviruses cause gastroenteritis in 
human infants and lower animals 
a. IroSt COIDlOOn cause of viral gastro

enteritis in the us: cause 70% of 
dianheal disease seen by a US 
pediatrician. 

b. may cause 5-10% of adult dian:heas 
c. virus identified by ELISA 

CDRONAVIRUSFS 

Enveloped helical viruses, contain RNA; 
Coronaviruses are a conunon cause of a 
cold-like disease in adults, but they do 
not seem to be an inportant cause of 
acute respiratory illness in children 
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Match the disease with the virus 

A. Nol:Wal.k agent 

B. Reovirus 

c. Rhinovirus 

D. Rotovirus 

1. Rhinitis 

2. Gastroenteritis in adults 

3. Gastroenteritis in infants 

(answers at bottom) 

Viruses with dsRNA include 

1. 

2. 

Answers 
1. B, C 
2. A 
D. D 

NORWAlK AGENT 

cause of dian:heal disease in infants 
less than two years of age: disease 
occurs both in epidemics as well as 
sporoclically 



HEPATITIS VIRUSES 

viral hepatitis types A and B 

'Ihree particular fonns of viral hepatitis 
can be distinguished clinically: these 
are hepatitis type A (infectious hepa
titis or short- incubation hepatitis) = 
RNA virus; hepatitis type B (serum hepa
titis or long-incubation hepatitis) = rNA 
virus and; non A-/non B hepatitis (disease 
resembles that of type B). '!here are 
multiple causes of non A-non B hepatitis 
including Hepatitis C and E; hepatitis A 
is now enterovirus 72 

Incubation pericx:l 

Type A: 10 to 50 days 
Type B: 50 to 180 days 
Non A, Non B: 50 to 180 days 

Signs and symptoms 

'!he illness is characterized by malaise, 
anorexia, nausea, vomiting, diarrhea, 
fever and also jaundice which mayor may 
not appear between two days and three 
weeks after onset 

Type A: In young children, infection 
frequently remains inapparent or develops 
into a mild illness without jaundice; in 
older age groups, infection often leads 
to icterus or more severe disease 

Type B: '!he Dane particle is the 
infectious entity. Infection may remain 
inapparent. Many cases continue to 
chronic hepatitis with surface antigen 
carrier state. Prima1:y hepatocellular 
carc.inoma may develop 

Type C: The leading cause of 
post-transfusion hepatitis. High 
incidence of chronic liver disease; 
cirrhosis and. hepatocellular 
carcinoma ccmron. Interferon a 
awroved for therapy. 

Type D: A defective virus that 
replicates only in Hepatitis B
infected cells. Needs HBsAg for 
capsid. Delta antigen is unique. 
UnC<lllOOIl in US; seen mainly in 
Italy and the Middle East. 
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Which of the following 
agents of viial hepatitis 
can be transmitted. via 
transfusion? 

1. Hepatitis A 

2. Hepatitis B 

3. Hepatitis C 

4. Hepatitis D 

5. Hepatitis E 

[answer at bottan of page] 

Hepatitis D virus is 

defective; it needs 

which -------
is/are SUfPlied. by 

Serious, life threatening 

cooplications of hepatitis 

B and C viral diseases 

include -----------
and. ___________ __ 

'l11erapy for chronic hepatitis 

includes __________ _ 

The incubation period for 

Hepatitis B is ____ _ 

[answer = all are possible] 



+ 

+ 

Type E: Enterica1ly transmitted 
calicivirus (naked ssRNA) disease 
seen mainly in Far East. M:>rtality 
rate of 20% in pregnant waren. 

F6>idemiolCW 

All may be transmitted via blood 
during viremic stage but HAV and REV 
are also spread via fecal/oral route. 

Tahorato:r:y di agnosis 
Serun is examined in a "hepatitis 
profile" that looks for the following 
viral markers; anti-HAV I~, HBshl, 
anti -HB IgM and anti -HCV. 

'lberqw 
Inm.me serum globulin useful for HAV, 
HBV and HCV exposures. Interferona 
used for chronic hepatitis, especially 
H:V. 

PropmTlaxis 

Vaccine available for HBV'; either 
purified HB.sAg fran hunan plasma or 
recarbinant vaccine using HBsAg gene. 

The presence of HB.sAg in 

serum neans _____ _ 

The two viral hepatitires 

that are spread by the 

Fecal/Oral route are 

, and 
--------~ 

is ----------
the cause of high rcortality 

in pregnant Asian wooen. 

SIGNIFICANCE OF HEPATITIS B ANTIGENS AND ANTIOODIES rn SERUM 

Component Present in Serum 

Anti-HBs Anti-HBc 

+ 

+ + 

+ 

+ 
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Interpretation 

Prodromal period or early acute disease. 
Person is considered infectious. 

Acute disease or drronic carrier. 
Person is considered infectious. 

Convalescing from the disease or inunune. 

Immune via disease or vaccination. 

Recovered from disease and lost reactivity. 
Antibody of IgG class; low level. 

or 
Recent disease; sen.nn taken after HBsAg 
disappeared, before anti -HBs. Anti-HBc 
should be high. SUch people are 
infectious. 



SIJ:M VIRUSES 

Diseases caused by viruses am virus-like 
agents belorgirq to different taxonanic 
groups, am linked together by the fact 
that they are all characterized by 
spon;Jifonn enc::eJ;ilalopathy, am a IOn] 
incubation period. sane of these agents 
may be PRIONS, small proteinaceous infec
tious particles 

SUbacute sclerosirxJ panenceph~itis (SSPE) 
Infectious ll&lSles virus has been 
isolated fran brain tissue am lyrrph 
nodes of affected irrlividuals with a 
history of ll&lSles 

'!he disease seems to have resulted fran 
cannibalism. Kuru has been fourxi only in 
a sirqle tribe in New Guinea 

Progressive Multifocal leukoencephalopathy 

A rare dj sease of the CNS. Papovavirus 
JC has been isolated fran affected 
tissues 

Creutzfeldt,Jakob disease 

A rare disease of the CNS which has been 
transmitted to ch:inpanzees by inoculation 
of material fran the brains of patients 

Multiple sclerosis 

A CNS disease suspected to be of viral 
etiology. '!here is serological evidence 
suggesting that ll&lSles virus may be 
involved 
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Match the virus with the disease 

A. ll&lSles 

B. JC papovavirus 

1. multiple sclerosis 

2. subacute sclerosirq panencephalitis 

3. progl:essive multifocal leukoen
cephalopathy 

(answers at bottan of page) 

l=A 
2=A 
3=B 



ONCOGENIC VIRUSES 
Properties of oncogenic viruses 
1. .l\m::>n:J the RNA viruses, only 

Retroviridae are oncogenic 
a. the oncornavirus group causes 

tumors in diverse anllnal 
species; Hl'LV-I arrl II are the 
human pathOJeIlS 

b. the Lentiviruses are in the 
same family: these are the slow 
viruses of spongifonn encephal
opathies; Hum:m llnmunodeficiency 
virus is not onaJgenic (does not 
contain an oncogene) but is 
associated with certain cancers 

2. Oncogenic rNA viruses that cause 
tunors in htnnans are found ill the 
Papova, Hepadna, arrl Het:pe.SVfrus 
families 

3. It appears that some or all of the 
genes of some oncogenic viruses may 
be inte:Jrated into host rnA; the 
RNA viruses bein:J integrated by an 
RNA-dependent rnA polymerase 
(reverse transcriptase). Integration 
is essential for oncogenesis. 

Transformation in vitro 
'!he properties of transfonned cells 
include: 

1. I..oss of contact inhibition 

2. Altered cell morphology 

3. 'The presence of new antigens in 
the membrane (tumor specific 
transplantation antigens) arrl 
intracellularly 

4. 'Ihe ability to proliferate rapidly 
with concomitant high energy demand 

5. Altered chromosomal morphology 
and/or number 

6. Ability to grow in soft agar arrl 
produce b.nnors when inj ected into 
an appropriate host 

HEPArnAVIRUS 

Hepatitis B virus is associated with 
hepatocellular carcinoma in htnnanS 

Oncogenesis by DNA Viruses 

Early proteins produced during 
viral infection have many functions, 
including activation of cellular bio
synthetic processes and down-regulation 
of others. In viral oncogenesis sane of 
these proteins bind to cellular ANTI
oncogenes and inactivate their growth 
suepressing functions, thus permitting 
uncontrolled proliferation'of the infected 
cell. In roost instances the viral replica
ti ve cycle is not coopleted, so that the 
cells do not have overt evidence of the 
viral infection. Thus following a viral 
infection the cell has two paths it might 
follow - productive infection with release 
of infectious virus, or transformation to 
malignancy. 
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Rep1ication of Retroviruses 

Parental FlNAfLt.IA Genanic progeny 
~ ~ Hybrid ----->. IN\ ----> ~ ~ ~ 

PeL l l Transcriptase 

Proteins ----" Progeny 
Virus 

Retroviral reverse transcriptase 
has four catalytic functions: 

1. RNA-dependent rnA polymerase 
2. rnA-dependent rnA polymerase 
3. RNAse which degrades the RNA 

in the RNA-rnA hybrid 
4. Integrase which inserts viral 

rNA into the host genome 



roXVIRlJSES 

Mollusa.nn c::ontagiOSlllll virus in this 
group cause benign skin lesions 

HERPESV1lUSES 

1. In lower anilnals these viruses cause 
Marek's disease (a neurolymhanatosis) 
in chickens, renal carcinana in frogs 
ani other malignancies 

2. Epstein-Barr virus is associated 
with Burkitt's lynphcana in young 
African boys am ~eal 
carcinanaincertainethnicsgroups 
in southern Clrina. eonsuItption of 
cantonese-style salted fish during 
childhocrl appears to be a co-factor 

PAFOVAVIRUSES 

1. Papillomaviruses 

a. 'Ihese cause benign papillomas (warts) 
in man am other mamnalian species. 
In man, corrlylana act.nninatum causes 
genital wart which are usually benign 

b. Human papilloma virus # 16 causes 
cervical carcinana 

Polyomavirus 

It induces the fonnation of sarcomas 
am carcinomas in diverse anilnal 
species; not in htnnans 

3. SV 40 virus and Adenoviruses 

In experimental corxlitions, they irrluce 
malignant neoplasms in mice, am causes 
transfonnation in vitro of cells of 
many species. 

gag pol 

Human rnA viruses are associated with 

following cancers 

1. ----------------------------
2. __________________________ __ 

3. __________________________ __ 

REl'ROVIRUSES 

1. 'Ihese enveloped viruses contain 
single-stranded RNA; the virion also 
contains reverse transcriptase which, 
together with certain other enzymes, 
produces double-stranded rnA hono
logous to the virion RNA. '!his goes 
to the nucleus and becomes integrated 
into the cellular rnA as a provirus 
which may be transcribed by a rnA
dependent RNA polymerase to make RNA 
copies, some of which are viral genome 
and some act as mRNA 
2. '!he oncogene hypothesis proposes that 
the viral genome consists of at least 2 
sets of genes, one of which controls the 
process of oncogenesis, and the other the 
production of infectious virus; either, 
neither or both sets may be evoked by 
endogenous or exogenous factors 
3. Retroviruses can activate host 
genes (e. g., the c-myc gene) 

env 

'!he gag gene encodes capsid proteins, which are synthesized as a polyprotein 
precursor am then split by a protease. '!he pol gene encodes reverse transcriptase. 
'!he env gene encodes glycoprotein spikes in the envelope. Additional genes in the 
env region include tat which encodes a transactivator that enhances expression of 
all viral genes, rev which is required for expression of gag, pol, am env, and 
nef which down regulates HIV genome replication. 
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VIRUSES AND HUMAN CANCER 

Burkitt's lymphoma 

Specific antigen and nucleic acid of 
Epstein-Barr (E8NA) hapesvirus is 
present in cells cultured. from cases of 
Burkitt's B cell lynphana. '!his virus 
also appears to be responsible for 
infectious mononucleosis. Patients with 
Burkitt's lymphoma have a high incidence 
and high titers of antibody against EB 
virus 

Nasopharyngeal carcinona 

hapesvirus has been detected in cells 
• 1 

obtained from cases of nasopharyngeal 
carcinoma, and patients show high titers 
of anti -EB herpesvirus antibody 

carcinoma of the uterine cervix 

Papilloma virus, serotype 16, seems to be 
etiologically associated with cervical 
cancer 

Hepatocellular carcinoma 

Hepatitis B virus has been associated 
with pri1llal:y carcinoma of the liver 

Kaposi's Sarcoma 

1. Human Innnunodeficiency virus 1 (HIV), 
a Retrovirus, is etiologically 
associated with Kaposi's sarcoma and 
AIDS. It is antigenically different 
from all other retroviruses. 

2. Individuals with AIOO suffer from 
infections by opportunists such as 
Pneumocystis, candida, Cryptococcus 
and Cryptosporidimn. CMV infections 
are often activated. 

3. There will be inverted CD4: CDS 
lymphocyte ratios (due to the CD4 
"target" of this virus) and nonnal to 
elevated levels of IgG, etc. The 
disease is particularly conunon in 
harnosexuals, hemophiliacs, and intra
venous drug users. Neonates are 
involved via transplacental passage 
of the virus. Heterosexual trans
mission is conunon in Africa. 
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'!he most c::omrtK>ll mechanism of viral 
oncogenesis is insertional activa
tion of the oncogene. In neoplastic 
cells a new provirus is fourrl in 
close proximity to the c-myc proto
oncogene. '!he provirus is usually 
but always contains one r.:m (long 
tenninal repeat) units which are very 
important in integration of the viral 
OOA into that of the cell and also 
serve as an enhancer to activate 
the c-myc gene am deregulate cell 
proliferation. 

GENETIC STRUCTURE 
OF THE RETROVIRUSES 

FOUR MAIN GENES 
gag = codes for nucleocapsid proteins 
Pro = codes for protease 
Pol = codes for polymerase enzymes 

reverse transcriptase 
integrase 

Env = codes for envelope proteins 

HUMAN T-CELL LYMmOI'ROPIC VIRUSES 

A human Retrovirus has been 
isolated from numerous cases 
of adult T-cell leukemia and 
lymphoma. The HI'LV agents 
have a marked affinity for 
mature T cells. Clusters of 
HI'LV disease have been 
reported from the caribbean 
basin and the southern United 
states. 



REVIEW STATEMENTS 

These should be used to strengthen and expand your understanding of Pathogenic 
Microbiology. If you are uncertain about the veracity of a statement, please "check it out." 
This will help you strengthen your grasp of the material. You may wish to develop your own 
list. If you have a spare sheet of paper available, write down the correct statement for every 
question you miss in going through review exams. This way you can avoid marking on the 
review exam (so you can use it a2ain) and still have captured that fact for future review. 

The major virulence factor of the pneumococcus is the capsular carbohydrate. It aids in the invasiveness of the 
agent by virtue of its anti phagocytic action. The vaccine is composed of capsular antigens from the 23 most common 
types. 

Streptococcus pneumoniae produces alpha hemolysis on blood agar; the pneumococci are differentiated from the green 
(viridans) streptococci by their sensitivity to optochin. 

The antibiotic of choice for pneumococcal pneumonia is pencillin. 

Group A beta hemolytic streptococci are differentiated from other beta hemolytic streptoccci by their sensitivity to 
bacitracin. 

Two anti phagocytic surface components of Group A streptococci are the M protein and hyaluronic acid; the latter 
is not antigenic. 

Erythrogenic toxin is produced only by lysogenic strains of streptococci. 

The extracellular product of streptococci which converts plasminogen to plasmin is streptokinase (fibrinolysin). It is 
used to treat heart attack victims. 

Acute glomerulonephritis is associated with group A streptococcal infections of either skin or upper respiratory tract. 

Staphylococci are resistant to penicillin by virtue of a plasmid-conferred enzyme, beta lactamase. 

Staphylococcal carriers are identified in epidemiologic studies (e.g., hospital nurseries) by bacteriophage sensitivity 
patterns. 

Surface components of the staphylococcus which are anti-phagocytic include capsule and protein A. 

Streptococcus pneumoniae is the most a common cause of bacterial pneumonia in adults. 

Aerobic Gram negative diplococci belong to the genus Neisseria. 

N. meningitidis is divided into four serologic types on the basis of antigenic difference of the capsular carbohydrate; 
the majority of meningococcal epidemics are caused by type A. 

The acute adrenal insufficiency seen in fulminating cases of meningococcemia is called the Waterhouse-Friderichsen 
syndrome. 

The surface components of the meningococcus which are involved in its pathogenicity include the capsule and 
endotoxin. Pili are responsible for the organism's interaction with host cell membranes. 

Pili are found on the virulent strains of gonococci, types I and II. 

Gonorrhea may be an asymptomatic infection, particularly in females. Gonorrhea can be diagnosed in males (only) by 
the observation of Gram negative diplococci inside PMN's. 

In addition to "a flow of seed" the gonococcus also causes arthritis, and ophthalmia neonatorum. 

The treatment of choice for neisserial infections is penicillin; if dealing with a penicillinase producing strain of 
gonococci, spectinomycin or ceftriaxone should be used. 

Primary atypical pneumonia (as a disease entity) may be caused by various chlamydial and viral agents; however, it 
is most closley associated with Mycoplasma pneumoniae. 
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Penicillins and cephalosporins are not indicated in the treatment of mycoplasmal infections because these are 
inhibitors of cell wall synthesis and mycoplasma do not have a cell wall. Diseases caused by mycoplasma can be treated 
with tetracyclines. 

The most common serologic tests for the identification of Mycoplasma pneumoniae (although they rely on 
heterophile antigens) are cold hemagglutinins and Strep MG agglutinins. 

The two genera of Gram positive rods which form spores are Clostridium and Bacillus; the former will only grow 
anaerobically. 

The two major virulence factors of the anthrax bacillus are the polypeptide capsule and anthrax toxin. The 
anthrax toxin is somewhat unique in biology in that its lethal effect on the host is due to the synergistic action of 3 
proteins. 

Although gas gangrene can be caused by serveral clostridia, the species most commonly associated with this disease 
entity is per/ringens. 

Three toxic enzymes which are of particular importance in gas gangrene are lecithinase, collagenase and 
hyaluronidase. 

A common feature in the treatment of clostridial infections is the use of specific antitoxin. 

Gas gangrene and tetanus are both contracted via soil contamination of wounds; their clinical pictures differ markedly in 
that gangrene is an invasive process whereas tetanus is avery localized infection the symtoms of which are 
due to toxemia. 

Botulism is an intoxication caused by an organism which elaborates a potent heat labile neurotoxin in which acts 
on the autonomic nervous system and interferes with transmission of nerve impulses at the myoneural 
junction. 

The etiologic agent of Hansen's disease has not been grown in vitro. Leprosy is thought to be transmitted to man via 
direct contact or respiratory droplet. Leprosy can be diagnosed by skin testing with an extract of lepromatous nodules 
referred to as lepromin. 

Diphtheria is most effectively treated by the administration of specific antitoxin; antibiotics are insufficient alone 
because most of the symptomatology is due to the organism's excretion of toxin. 

Three classical enteric diseases are typhoid, dysentery,and cholera, caused by Salmonella, Shigella,and Vibrio, 
respectively. 

The chemical composition of endotoxin is Iipopolysacchride; lipid A is the toxic moiety. 

Escherichia coli is the most common cause of urinary tract infections. 

Capsular carbohydrate is a major virulence factor of Klebsiella pneumoniae. 

Shigella dysenteriae produces an A-B exotoxin that is an enterotoxin in man.; it inhibits protein synthesis. 

The pathogenesis of Vibrio cholerae is dependent upon choleragen, an A-B enterotoxin which increases adenyl 
cyclase activity. Rice-water stools, fluid and electrolyte loss, and eventual hypovolemic shock are 
characteristics of cholera. 

Of all the enteric bacilli Salmonella typhi is the most likely to be isolated from blood. 

An antiphagocytic polysaccharide capsule similar to that of S. pneumoniae is a virulence factor of HaemophiLus 
injluenzae. 

The etiologic agent of whooping cough is Bordetella pertussis. Heat-killed organisms are employed in the DPT 
vaccine; the acellular vaccine contains pertussis toxoid. 

Yersinia pestis may be transmitted by rat fleas and human lice. 
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Brucella abortus demonstrates a tissue tropism in cattle since the organisms localize in the placenta which 
contains a high concentration of erythritol. The virulence of Brucella is attributed to their ability to resist intracellular 
killing. 

There are three genera of spirochetes that cause human disease; Leptospira. Treponema and Borrelia. Two genera are 
zoonotic in nature (Le., infect animals primarily with man as an incidental host); Leptospira and Borrelia. The primary 
organs affected in leptospirosis are the liver and kidneys. The agents causing the other spirochetal diseases are more 
diverse in their distribution throughout the body. Leptospirosis is contracted via exposure to contaminated 
water; Lyme disease occurs after tick (Ixodes) bites. 

Scarlet fever is a local infection with toxemia (erythrogenic toxin). 

Chlamydia trachomatis is the most common cause of sexually transmitted disease in the United States. 

A rise in antistreptolysin-O titer or anti DNAse B is an indication of recent infection with Streptococcus pyogenes. 

Man is the only natural host for Neisseria meningitidis. Persons with meningococcal pharyngitis may fail to 
develop meningitis. Meningococcal petechial hemorrhages often contain Neisseria meningitidis. 

In the routine diagnosis of diphtheria, positive identification of Corynebacterium diphtheriae is made by 
demonstration of its ability to produce diphtheria toxin. 

BCG, which is used for active immunization against tuberculosis, consists of attentuated bovine tubercle bacilli. 

The production of a water soluble, blue-green pigment in a ciJlture indicates the presence of Pseudomonas 
ae rugin osa. 

The spirochetes associated with fusospirochetal infections, as well as the etiologic agents of relapsing fever, belong to 
the genus Borrelia; Lyme disease is caused by B. burgdorJeri. 

Malarial relapses are due primarily to emergence of persisting exoerythrocytic merozoites. 

Fatal malaria most often results from infection with Plasmodium Jalciparum. 

Haemophilus injluenzae causes life-threatening epiglottitis in neonates. 

One virulence factor of Mycobacterium tuberculosis is the cord factor (6, 6' trehalose dimycolate). 

During oral antibiotic therapy (e.g., clindamycin), a patient may develop pseudomembranous enterocolitis 
caused by Clostridium diJJicile. 

Enterobius is the most common helminth parasite infection of children in the United States. Enterobius female worms 
lay their eggs on the perianal skin and cause pruritis. Anal impression smears can be made to detect these eggs. 
Pinworm is treated with mebendazole. 

The potential for autoinfection makes Strongyloides a dangerous infection, especially in the immunologically 
compromised host. 

Myalgia, ocular edema and eosinophilia are symptoms associated with symptomatic trichinosis. 

Adult tapeworm infections are acquired by ingesting animal tissue that harbors the larvae stage, e.g., Taenia solium in 
pork and T. saginata in beef. Cysticerosis may occur if man ingests Taenia solium eggs. 

Diphyllobothrium latum competes with the host for Vitamin B 12, this competition occasionally results in 
pernicious anemia. 

Entamoeba histolytica may cause abscesses in the large bowel with secondary lesions in other organs, especially 
the liver. 

Giardiasis is the most common protozoan diarrheal infection of man in the United States. Symptoms include 
flatulence, foul smelling stools, nausea and cramping; the disease is common in day care centers. 

Numerous pathogens secrete an IgA protease which aids in infectivity; e.g., H. injluenzae, Neisseria gonorrhoeae, N. 
meningitidis. Streptococcus pneumoniae, mitis, and sanguis, and Bacteroides spp. 
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Candida albicans is a part of the normal flora. 

Fungi are resistant to most antibacterial chemotherapeutic agents. 

Clinical malaria is best treated with chloroquine. Primaquine is necessary to eradicate persisting exoerythrocytic 
liver stages of Plasmodium vivax. 

Metronidazole is an effective drug for treating Trichomonas vaginalis. Sexual partner(s) must also be treated to prevent 
reinfection. 

Bacteroides are the predominant flora of the gut; they are anaerobic gram negative rods. 

Actinomycosis is characterized by 1) an endogenous origin of the anaerobic infectious agent,and 2) sulfur 
granules in exudate of lesion which are really masses of Gram positive rods. 

Cryptococcus neoformans is the ONLY encapsulated yeast that is pathogenic for man. It is identified by India 
ink preparations of spinial fluid. 

Schistosomiasis is acquired by larval penetration of the skin; the larvae develop in snail hosts in fecally 
contaminated waters. 

The etiologic agent of human warts (verrucae) is a papovavirus. 

Commercially available influenza vaccine contains inactivated influenza viruses, types A and B. 

Coxsackie A and B viruses cause herpangina and myocarditis, respectively. Coxsackie viruses of Group Bare 
responsible for a considerable proportion of cases of aseptic meningitis. 

The hepatitis B surface antigen (HBsAg), when found in banked blood, renders it undesirable for use in blood 
transfusions. The incubation period of serum hepatitis usually ranges from 50-180 days. 

The finding of Negri bodies (cytoplasmic inclusions in neurons) is specific for the pathologic diagnosis of rabies. 

Rhinoviruses are acid labile and hence can not survive the acidity of the stomach; they do not colonize the GI tract as do 
the other Picomaviruses. 

Measles is prevented by administration of an attenuated monovalent vaccine. It may be included with rubella and 
mumps vaccines to produce a polyvalent product. 

Clinical signs and symptoms of measles include photophobia, cough, coryza, conjunctivitis and Koplik spots. 
Complications of measles include encephalitis and pneumonia. Subacute sclerosing panencephalitis is 
thought to be caused by measles. 

Mumps is a disease of secretory cells which may involve the pancreas. Following the initial attack of mumps, long 
lasting protective immunity is produced. Mumps is spread from the infected patient by droplets (aerosol) or fresh fomites. 

Type A influenza viruses are known to cause pandemics while types Band C influenza viruses are less likely to do so. 
Antibodies to the hemagglutinin spikes of influenza viruses are protective. 

Antigenic drift is brought about by minor changes in type A influenza viruses while antigenic shift involves major 
changes in one or more of the glycoprotein spikes. 

Translocation of the c-myc gene to one of the immunoglobulin gene loci is characteristic of Burkitt's 
lymphoma, but is not seen in infectious mononucleosis. 

Parainfluenza viruses cause bronchitis, bronchiolitis and croup in children and a common cold-like disease in 
adults. Respiratory syncytial virus commonly produces severe disease (bronchitis, bronchiolitis and pneumonia) in 
infants. 

The portal of entry of enteroviruses is the oral cavity and the viruses invade through the oropharyngeal and intestinal 
mucosa. They spread throughout the body via the lymphatics and blood. Polio vaccines must be polyvalent as there are 
3 antigenically distinct viruses. The Sabin polio vaccine contains attenuated virus which is taken orally 
while the Salk polio vaccine is formalin-inactivated and is administered by injection. 
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Coxsackie B viruses are responsible for many cases of aseptic meningitis. 

Rhabdoviruses are single stranded, RNA-containing, bullet shaped viruses; Rabies virus is a rhabdovirus. Rabies virus 
is usually spread by the bite or lick of a rabid animal. The rabies vaccine of choice contains inactive human diploid 
cell produced virus. 

Type A hepatitis is spread primarily by the fecal-oral route and type B hepatitis is spread primarily by 
injection but both viruses can be spread by either route. Hepatitis C is spread primarily by injection. Hepatitis 
E is spread by fecal-oral route 

Rotaviruses are REO viruses which are the causal agents of infantile diarrhea, a particularly severe disease in the 
very young. 

Pharyngeal-conjunctival fever is the most common syndrome associated with adenoviruses. 

Kuru (a disease seen in New Guinea) and Creutzfeldt-Jacob diseases are transmissable spongiform 
encephalopathies of humans. 

Rubella virus belongs to the Togavirus family. Lasting protective immunity is usually produced upon convalescence 
from rubella. Rubella virus is known to cross the human placenta and to infect the developing fetus. Congenital 
rubella is the result of fetal infection during the first trimester of pregnancy. Following birth, virus may be excreted 
and cause a rubella outbreak in a newborn nursery. An attenuated viral vaccine is effective in the prevention of 
rubella but should not be given to pregnant humans. 

The Epstein-Barr virus (EBV) has been recovered from Burkitt's lymhoma tissue, from human patients with 
nasopharyngeal carcinomas, and from patients with infectious mononucleosis. 

Reactivation of a latent infection in the form of shingles (Herpes zoster) occurs with the etiologic agent of varicella 
(chicken pox). Zoster (shingles) is a recurrent disease; the lesions appear unilaterally on the body, in a dermatome 
distribution. 

Herpes simplex virus may cause cold sores and aseptic meningitis. Herpes simplex virus, type 2, is associated 
with genital herpes (lesions of genital tract) and neonatal herpes. Acyclovir has been used quite effectively in treating 
herpesvirus infections, including serious systemic infections. 

Aspirin therapy in children with influenza or chickenpox is contraindicated due to the possible association of these 
conditions with Reye syndrome. 

The predominant cell in the spinal fluid in viral meningitis is the lymphocyte. This is the same cell that 
would predominate in the perivascular cuffing also noted in these diseases. 

Rotavirus is the most common cause of pediatric infectious diarrhea in the USA. Campylobacter spp. is the most 
common bacterial agent. 

Adenoviruses are the most common cause of viral pharyngitis; among the bacteria, Streptococcus pyogenes 
is the most common, and is probably the most serious in light of the sequelae which can develop. 

Retroviral RNA is transcribed into circular dsDNA and inserted into the host genome as an early 
event that precedes viral replication. Viral progeny and viral mRNA are made by transcription from this DNA. 

Parainfluenza and influenza viruses are the most common cause of infections of the larynx and bronchi; viruses 
rarely affect the epiglottitis, however Haemophilus injluenzae is a pathogen here. 
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PATHOGENIC MICROBIOLOGY REVIEW EXAM 

ISELECT THE SINGLE BEST COMPLETION FOR EACH QUESTION. 

1. 

2. 

3. 

4. 

5. 

The virulence of S. pneumoniae is primarily 
associated. with the presence of 

A. 
B. 
C. 
D. 
E. 

cell wall teichoic acid. 
pneumolysin. 
polysaccharide capsule. 
M protein. 
peptidoglycan. 

Viruses for which there are effective, live 
vaccines include 

A. influenza A and corona virus. 
B . mumps, rubella, and 

parvovirus. 
C. measles, mumps, and influenza A. 
D. rubella and measles. 

Which of the following streptococcal diseases 
is caused in part by erythrogenic toxin? 

A. 
B. 
C. 
D. 
E. 

Impetigo 
Puerperal sepsis 
Rheumatic fever 
Scarlet fever 
Erysipelas 

Which of the following would most likely be 
etiologically involved in meningitis in a 3 
week old infant ? 

A. 
B. 
C. 
D. 
E. 

Neisseria meningitidis 
Haemophilus injluenzae 
Streptococcus pneumoniae 
Streptococcus agalactiae 
Listeria monocytogenes 

Vaccine induced immunity to pnemococcal 
pneumonia is of what type? 

A. 
B. 
C. 
D. 
E. 

Antitoxic 
Bacteriocidal 
Opsonic 
Bacteriolytic 
Neutralizing 
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6. 

7. 

8. 

9. 

Individuals vaccinated with the HBsAg vaccine 
would be protected from infection by 

A. 
B. 
C. 
D. 
E. 

hepatitis A virus only 
hepatitis B virus only. 
hepatitis C virus only. 
delta hepatitis virus only. 
Both hepatitis B and delta viruses. 

What clinical condition may be produced by the 
germination of spores of Clostridium 
botulinum in the gastrointestinal tract of 
infants? 

A. Pseudomembranous enterocolitis 
B. Enteritis necroticans 
C. Lockjaw 
D. Floppy baby syndrome 
E. Rice water stools 

A key characteristic of the etiologic agent of 
bacillary dysentery is 

A. strict localization of the pathogen 
in the small intestine. 

B. 

C. 

D. 

the organism is found mainly in 
animals. 
production of a potent cytotoxin 
responsible for invasiveness. 
the organism is transmitted by 
droplet aerosol. 

What is the most common source of 
salmonellosis in the United States? 

A. 
B. 
C. 
D. 
E. 

Pet turtles 
Rare roast beef 
Potato salad 
Poultry products 
Partially cooked seafood 



10. 

II. 

12. 

13. 

14. 

Salmonella typhi differs from other species of 
Salmonella in that it 

A. 

B. 
C. 

D. 

produces enteritis localized in the 
small intestine. 
is found mainly in animals. 
has a predilection for lymphoid 
tissues in the liver and spleen. 
produces a heat-stable enterotoxin. 

E. causes acute dysentery. 

Which of the following are surface components 
of Staphylococcus aureus serves as an 
adherence molecule? 

A. 
B. 
C. 
D. 
E. 

Protein A 
Carbohydrate capsule 
Coagulase 
Teichoic acid 
Peptidoglycan 

Pseudomonas aeruginosa strains isolated from 
cystic fibrosis patients are unique in that they 

A. are Gram positive. 
B. are obligate anaerobes. 
C. contain no endotoxin in the cell 

wall. 
D. produce mucoid colonies due to 

excess extracellular polysaccharide. 
E. produce an enterotoxin. 

Which of the following vaccines could most 
safely be given to an immunosuppressed 
individual? 

A. Heptavax 
B. Sabin 
C. Yellow fever 
D. Rubella 

E. Mumps 

The most common species of Mycobacterium 
isolated from AIDS patients is 

A. 
B. 

C. 
D. 

Mycobacterium kansasii. 
Mycobacterium avium-intracellulare 
complex. 
Mycobacterium leprae. 
Mycobacterium phlei. 

E. Mycobacterium scrofulaceum. 

15. 

16. 

17. 

18. 

19. 
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A diagnostic test that is used for the 
confirmation of infection with HIV is 

A. 
B. 

C. 
D. 
E. 

radioimmune assay (RIA). 
enzyme-linked immunosorbent 
assay (ELISA). 

Ouchterlony. 
Western blot assay. 
latex agglutination assay. 

Mycobacteria resist intracellular killing due to 
which cell wall constituent? 

A. 
B. 
C. 
D. 
E. 

Lipopolysaccharide 
Lipoteichoic acid 
Periplasm 
Mycolic acids (wax D) 
Peptidoglycan 

Blood and leukocytes are seen frequently 
in the stool during 

A. cholera. 
B. rota viral diarrhea. 
C. shigellosis. 
D. salmonellosis. 
E. traveler's diarrhea. 

In cryptococcal meningitis, the level of this 
substance in spinal fluid can be diagnostic as 
well as. prognostic. 

A. Anticryptococcal IgM antibody 
B. Cryptococcal capsular carbohydrate 
C. rnA 
D. Anticryptococcal IgG antibody 

Increasing levels of anti-Histoplasma 
complement-fixing antibody in the serum of a 
patient with histoplasmosis being treated with 
Amphotericin B is 

A. 

B. 

C. 
D. 

indicative of a poor 
prognosis. 
indicative of a good 
prognosis. 
of no prognostic value. 
a signal to stop treatment. 



20. The cellular oncogene that is translocated from 25. Infectious hepatitis A 
chromosome 8 to chromosome 14 in the 
majority of the cases of Burkitt's lymphoma is A. is frequently asymptomatic. 
the B. can be caused by different serotypes 

of HAY. 
A. c-SRC gene. C. can only be transmitted by fecal-
B. c-MYC gene. oral route. 
C. c-ERB gene. D. often leads to a chronic state. 
D. c-RAS gene. 

2l. The antifungal activity of the polyene 26. Which of the following properties would allow 
antibiotic Amphotericin B is related to its the physician to distinguish between HBY and 

HAY infections? 
A. accumulation in keratinized tissue. 
B. intercalation in mitochondrial A. Jaundice 

DNA. B. Fever 
C. interaction with membrane C. Alanine amino-transaminase 

sterols. (ALT) level 
D. inhibiting cross linking in fungal D. Incubation period 

cell walls. 
E. inhibition of DNA dependent RNA 

polymerase. 
27. The most likely causative agent of amebic 

meningoencephalitis is 
22. Which of the following fungal agents is an 

endogenous cause of human disease? A. Entamoeba histolytica. 
B. Acanthoamoeba sp. 

A. Cryptococcus neoformans C. Entamoeba gingiva lis. 
B. Candida albicans D. Naegleria fowleri. 
C. Trichophyton rub rum E. Giardia lamblia. 
D. Sporothrix schenckii 
E. Histoplasma capsulatum 

28. The three genes contained by the majority of 
23. In AIDS patients autoinfection is a possible retroviruses are 

consequence of infection with 
A. gag, pol, tax 

A. Hookworm. B. gag, one, env 
B. Ascaris. C. gag, pol, env 
C. Strongyloides. D. gag, env, env 
D. Trichuris. 

24. The extra-intestinal site most frequently 29. The mode of transmission for Schistosoma is 
affected in amebiasis is 

A. fecal contamination 
A. lung. (ingestion of eggs or cyst stage). 
B. liver. B. ingestion of fish. 
C. genitalia. C. larva penetrates skin. 
D. brain. D. ingestion of pork. 
E. skin. E. ingestion of beef. 
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30. 

31. 

32. 

33. 

34. 

35. 

The chemotherapeutic agent most appropriate 
for Trichomonas infection is 

A. metronidazole. 
B. avermectin. 
C. mebendazole. 
D. praziquantel. 
E. trimethoprim and 

sulfamethoxazole. 

The major adherence factor of Neisseria 
gonorrhoeae is the 

A. 
B. 
C. 
D. 
E. 

lipopolysaccharide. 
pilus. 
capsule. 
M protein. 
teichoic acid. 

Immunity to meningococcal infections is 
related to opsonizing and bactericidal 
antibodies to 

A. 

B. 
C. 
D. 
E. 

group specific polysaccharide 
(capsule). 
type specific M protein. 
pili variants. 
endotoxin. 
IgA protease. 

Lyme disease is caused by Borrelia burgdorferi; 
the third stage of this disease is marked by the 
onset of 

A. arthritis. 
B. carditis. 
C. erythema chronicum migrans. 
D. peripheral neuropathy. 
E. atrioventricular heart block. 

The most prevalent cause of sexually 
transmitted disease in the U.S. is 

A. Herpes virus. 
B. Chlamydia trachoma tis. 
C. Mycoplasma hominis. 
D. Neisseria gonorrhoeae. 
E. Treponema pallidum. 

What organism produces a frequently 
misdiagnosed food poisoning associated with 
fried rice? 

A. 
B. 
C. 
D. 
E. 

Bacillus cereus 
Clostridium bifermentans 
Bacillus stearothermophilus 
Bacillus subtilis 
Clostridium perfringens 
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36. 

37. 

38. 

39. 

40. 

41. 

The most serious sequela following infection of 
the genital mucous membranes in women with 
Neisseria gonorrhoeae or Chlamydia 
trachoma tis is 

A. conjunctivitis. 
B. urethritis. 
C. pelvic inflammatory disease. 
D. salpingitis. 
E. proctitis. 

ST toxin of E. coli is so called because it 

A. 
B. 
C. 
D. 
E. 

is heat stable. 
resembles shigella toxin. 
causes severe temperature rises. 
is also produced by S. typhi. 
causes shaking tremors. 

The most appropriate treatment for systemic 
candidiasis is 

A. flucytosine. 
B. tolnaftate. 
C. ketoconazole. 
D. griseofulvin. 
E. nystatin. 

The most common cause of urinary tract 
infection is 

A. E. coli. 
B . S. au reus. 
C. K. pneumoniae. 
D. S. pyogenes. 
E. P. aeruginosa. 

Which of the following organisms has a cell 
wall with mycolic acids in it? 

A. P. aeruginosa 
B. M. tuberculosis 
C. L. monocytogenes 
D. S. marcescens 
E. A. fumigatus 

A violent windstorm occurred in the San 
Joaquin Valley in California; the incidence of 
coccidioidomycosis increased sharply. This 
was due to spread of highly resistant 

A. 
B. 
C. 
D. 

spherules. 
arthroconidia. 
budding yeast. 
tuberculate chlamydospores. 



Directions (Items 42-59): Each of the numbered items or imcomplete statements in this section is negatively phrased, as 
indicated by a capitalized word such as NOT, LEAST, or EXCEPT. Select the ONE lettered answer or completion that is BEST 
in each case. 

42. 

43. 

44. 

45. 

A nineteen year old female was donating blood 
at her school blood drive. Routine screening 
revealed an elevated SGPT and the presence of 
Hepatitis B surface antigen. Which of the 
following is FALSE? 

A. Close contacts of this patient 
should receive Hepatitis B immune 
globulin. 

B. This patient has acute Hepatitis 
B infection. 

C. Prognosis cannot be determined 
at this time. 

D. Immediate liver biopsy is 
indicated. 

E. This patient is at risk of 
developing li ver cancer. 

Spore formation is important in the 
epidemiology of food poisoning caused by all 
of the following agents EXCEPT 

A. Staphylococcus aureus. 
B. Bacillus cereus. 
C. Clostridium botulinum. 
D. Clostridium perfringens. 

It has been proposed that oncogenic 
retroviruses can transform cells to an 
oncogenic state by all of the following 
mechanisms EXCEPT 

A. Insertional mutagenesis 
B. Expression of oncogene present in 

virus 
C. Expression of tax gene 
D. Expression of vif gene 

The enterotoxin of Vibrio cholerae does all of 
the following EXCEPT 

A. 

B. 

C. 

D. 

is composed of 1 A-subunit and 
5 B-subunits. 
ADP-ribosylates the catalytic 
subunit of adenylate cyclase. 
localizes in the upper intestinal 
tract. 
increases intracellular cyclic-AMP. 
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46. 

47. 

48. 

49. 

50. 

Which of the following is LEAST likely to 
cause vaginitis? 

A. Trichomonas vaginalis 
B. Candida albicans 
C. Treponema pallidum 
D. Gardnerella vaginalis 

All of the following are true about hepatitis C 
virus EXCEPT 

A. may cause chronic liver damage. 
B. is the primary cause of 

transfusion associated hepatitis. 
C. is an RNA virus. 
D. contain an envelope. 
E. it is defective 

What characteristic listed below is NOT 
typical of Clostridia? 

A. Gram positive bacilli 
B. Facultative anaerobes 
C. Toxigenic 
D. Opportunistic pathogens 
E. Sporogenous 

All of the following are associated with the 
cytomegalovirus EXCEPT 

A. congenital disease. 
B. heterophile antibody. 
C. latency. 

D. inclusion bodies. 
E. subclinical infections. 

All of the following are characteristics of HIV 
EXCEPT 

A. contains it own oncogene. 
B. infects and damages cells of the 

CNS. 
C. contains several complex genes, 

including tat. 
D. is a member of the Retroviridae 

family. 



51. 

52. 

53. 

54. 

55. 

All of the following would be likely members 
of the normal bacterial flora of the oral cavity 
EXCEPT 

A. 
B. 

C. 
D. 
E. 

Staphylococcus aureus. 
Streptococcus pyogenes. 
Streptococcus salivarius. 
Neisseria pharyngis. 
Streptococcus mutans. 

Which of the following is NOT a pathway by 
which microbial toxins act? 

A. 

B. 
C. 

D. 
E. 

ADP ribosylation of host cell 
enzymes or control proteins. 
Activation of adenyl cyclase. 
Enhance neurotransmitter release 
from inhibitory neurons. 
Activation of guanyl cyclase. 
Activation of the complement 
cascade. 

All of the following are chracteristics of 
endotoxin EXCEPT 

A. toxicity due to lipid A. 
B. heat stable. 
C. part of outer membrane of cell wall 

of Gram-negative bacteia. 
D. excellent immunogen. 
E. pyrogenic. 

Etiologic agents of food poisoning include all 
of the following EXCEPT 

A. 
B. 
C. 
D. 
E. 

Clostridum perfringens 
Bacillus cereus 
Salmonella typhimurium 
Salmonella typhi 
Escherichia coli 

Factors that appear to be important in the 
virulence of Bordetella pertussis include all of 
the following EXCEPT 

A. pertussis toxin 
B. pili 
C. capsule 
D. endotoxin 
E. IgA protease 
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56. 

57. 

58. 

59. 

Factors responsible for the pathogenicity of 
Escherichia coli include all of the following 
EXCEPT 

A. 
B. 
C. 
D. 
E. 

heat-labile enterotoxin. 
capsular (K) antigens. 
lipoteichoic acid adhesins. 
heat stable enterotoxin. 
endotoxin. 

Epstein-Barr virus is associated with all of 
the following conditions EXCEPT 

A. Nasopharyngeal carcinoma 
B. Infectious mononucleosis 
C. Burkitt's lymphoma 
D. Systemic lupus erythematosus 

Which of the following is LEAST likely 
in a mother who has a primary infection of 
rubella virus during pregnancy? The fetus 
may 

A. 
B. 

C. 

D. 

E. 

fail to develop signs of infections. 
be clinically normal but shed virus 
and have an IgM response. 
have virus-host cell interactions 
manifested by thrombocytopenia, 
hepatitis, or pneumonia. 
have virus-cell interactions 
manifested by heart malformation, 
cataracts, or mental retardation. 
handle the virus well and develop 
IgG antibodies. 

Poliovirus vaccine is correctly described by 
all of the following statements EXCEPT 

A. The Sabin vaccine is a live 
attenuated virus cell-culture 

B. 

C. 
D. 

E. 

preparation. 
The Salk vaccine contains formalin
inacti vated cell-culture prepared 
virus. 
It is a polyvalent preparation. 
Active virus is excreted in the feces 
of Sabin-vaccine-immunized 
individuals. 
The Sabin vaccine does not cause 
disease in humans. 



DIRECTIONS (Items 60-77): Each set of matching questions in this section consists of a list of up to 26 lettered options, 
followed by several numbered items. For each numbered item, select the ONE lettered option this is most closely associated 
with it. EACH LETTERED OPTION MAY BE SELECTED ONCE MORE THAN ONCE, OR NOT AT ALL. 

I MATCH TIlE INFECTIOUS AGENT WITH TIlE PATIENT DESCRIBED BELOW 

A. 
B. 
C. 
D. 
E. 
F. 

Streptococcus pneumoniae 
Klebsiella pneumoniae 
Mycoplasma pneumoniae 
Streptococcus pyogenes 
Legionella pneumophila 
Staphylococcus aureus 

G. 
H. 
I. 
1. 
K. 
L. 

Pseudomonas aeruginosa 
Viridans streptococci 
Neisseria gonorrhoeae 
Streptococcus mutans 
Cryptococcus neoformans 
Serratia marcescens 

60. This 16 year old white girl from Salt Lake City has a history of repeated streptococcal infections (pharyngitis) and 
cardiac abnormalities consistent with Rheumatic fever. Three weeks following extraction of an abscessed molar 
she develops fever and flu-like symptoms. Her condition worsens, a petechial rash appears, and she is 
hospitalized with a tentative diagnosis of subacute bacterial endocarditis caused by 

61. Lower respiratory tract infection associated with I) a non-productive cough and lobar pneumonia, 2) mucoid 
sputum containing a paucity of bacteria upon Gram stain, 3) high serum titers of cold agglutinins, and 4) growth 
of "fried egg" colonies from the sputum on special laboratory agar indicates presumptive infection by 

62. A 4 year old child with a history of recurrent pulmonary infections has been brought to the Emergency room in 
obvious respiratory distress. Gram stain of the sputum reveals numerous polymorphonuclear neutrophils and 
gram positive cocci in grape-like clusters. The drug of choice to be employed until the antibiotic sensitivity 
report is received from the laboratory is methicillin. The agent most likely is 

63. A 32 year old female astronaut developed otitis media during a voyage in outer space. Culture yielded a gram 
positive coccus in chains which grew on blood agar with alpha hemolysis. The organism was catalase negative; 
growth was inhibited by optochin. The isolated organism can be identified as 

64. This 18 year old white male suffers from recurrent pulmonary problems associated with the cystic fibrosis disease 
which has plagued him all his life. He currently has pneumonia; the sputum stain reveals numerous Gram negative 
rods and PMNs. Cultures yield mixed flora with predominating mucoid colonies of a Gram negative bacillus. 
Antibiotic sensitivity tests are done on an isolate; the organism is found to be resistant to all antibiotics 
employed on the first plate. A green pigment is noted throughout the agar. The most likely organism is 

65. A 62 year old Caucasian housewife was admitted to the hospital complaining of intermittent frontal headaches, 
malaise, and vertigo. This woman was a diabetic and had been on corticosteroid therapy for approximately 6 
months. The nurses noted that the patient was disoriented at times. 
The patient's blood pressure was normal; temperature was lOOoF. Skin tests with PPD, histoplasmin, and 
coccidioidin were negative. Chest X-ray showed nothing of significance. 
Cerebrospinal fluid was obtained and the cell count showed 220 cells per cubic millimeter; they were 
predominantly lymphocytes. Total protein was slightly elevated; sugar was slightly decreased. Encapsulated 
yeast cells were observed in the sediment after centrifugation of the spinal fluid. 
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I MATCH THE OPPORTUNISTIC PA THOOEN WITH THE DISEASE. 

Disease 

66. Pneumonia in AIDS patient 

67. Post-neurosurgical meningitis 

6S. Localized skin infection in burn patient 

I MATCH THE VIRUS WITH THE NEOPLASM . 

Neoplasm 

69. Kaposi's sarcoma 

70. Primary liver carcinoma 

71 . Nasopharyngeal carcinoma 

72. Burkitt's lymphoma 

73 . Cervical carcinoma 

I MATCH THE VIRUS WITH THE THERAPEUTIC AGENT . 

74. Human immunodeficiency virus 

75 . Influenza A 

76. Cytomegalovirus 

77 . Respiratory syncytial virus 

78. Epstein Barr virus 

79. Herpes zoster 

so. Hepatitis C 
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Opportunist 

A. 

B. 
C. 
D. 
E. 
F. 
G. 

Aspergillus fumigatus 
Pseudomonas aeruginosa 
Staphylococcus epidermidis 
Streptococcus salivarius 
Pneumocystis carinii 
Candida albicans 
Streptococcus pneumoniae 

H. Neisseria meningitidis 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 

Hepatitis A virus 

Hepatitis B virus 

Hepatitis C virus 

Hepatitis D virus 

Herpes Simplex 

Molluscum contagiosum 

Papilloma virus 

Parvovirus 

Epstein Barr virus 

I. Human immunodeficiency virus 

Therapeutic agent 

A. Amantadine 
B. Acyclovir 

C. Cytoxan 
D. Adenine arabinoside 
E. Pentamidine 

F. Azidothymidine 
G. Ganciclovir 
H. Cyclosporin A 
I. Ribavirin 
J. Actinomycin D 
K. Alpha interferon 
L. Interleukin 2 

M. Methisazone 

N. Niclosamide 



KEY 

1. e 21. e 41. B 61. e 
2. D 22. B 42. D 62. F 
3. D 23. e 43. A 63. A 
4 D 24. B 44. D 64. G 
5. e 25. A 45. B 65. K 
6. E 26. D 46. e 66. E 
7. D 27. D 47. E 67. e 
8. e 28. e 48. B 68. B 
9. D 29. e 49. B 69. J 

10. e 30. A 50. A 70. B,e 
11. D 31. B 51. B 71. I 
12. D 32. A 52. E 72. I 
13. A 33. A 53. D 73. G 
14. B 34. B 54. D 74. F 
15. D 35. A 55. E 75. A 
16. D 36. e 56. c 76. G 
17. C 37. A 57. D 77. I 
18. B 38. A 58. E 78. B 
19. A 39. A 59. E 79. B 
20. B 40. B 60. H 80. K 
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