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lntroduct;on

The human body plays host to a vast number of microorganisms.
This brief introductory chapter describes the normal microbial flora
that colonize different anatomical sites, as well as the variety of
factors that can confer virul 1o selected mi g

NORMAL MICROBIAL FLORA

A

L

Normal flora the af microor-
ganisms that usually reside in the body. The microbiclogic flora can be
defined as either "resident flora,” a relatively fixed population that will

late if or flora™ that are derived from the
Io(il environment. These ml:rub:s wsually reside in the body without
invasion and can even prevent | ion by more p

a phenomenan known as bacterial interference. ‘ﬂle flora havuamman
sal functions such as vitamin K synthesis. However, they may cause inva-
sive disease in ised hosts or if di from their nor-
mal area.

Location. Microbial flora ﬁlﬁef in composition depending on their
and The ibution of normal
microbial flora is summarized in Table 1-1.
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NoTe:

NEDE commonly asks about normal oral

fiora. The most comman are the vindans,

anaerobic cocd). Stepmuians
lar is the major cause of caries.
14

in particu-

Tabie 1-1. Major species of microbial fiora found in different anatomical locations. .

l Location Major Organisms of the Normal Flora
] Skin Propi ium acnes, Staph cus epid dis,
P o ; lonization by
aureus
Oral cavity Viridans o i, Branh lla species,
s, species, F
coccus species, other anaerobes
Nasopharynx  Oral lonization by 5. pneumo-
niae, hilus species, N.
| Stomach Rapidly becomes sterile
Small intestine  Scant
Colon Bacteroides species, Clostridium species, Fusobacterium
species, £, coli, Proteus species, Pseudomonas aerugi-
nosa, Enterococcus species, other bacteria and yeasts
Vagina Childbearing years: Lactobacillus species, yeasts, Strepto-
COCCUS Species
] Prepuberty/Postmencpause: colonic and skin flora

MICROBIAL VIRULENCE FACTORS

Microbial virulence factors are gene p quired for a
pathogen to establish itself in the host. These gene products are located on
the bacterial chromoseme or on mobile genetic elements such as plasmids or
Primary pathogens express factors that allow them
to cause disease in the normal host. Opportunistic pathogens are environ-
mental organisms or normal flora that lack the means to overcome normal
host-defense mechanisms. They cause disease only when the normal host
defenses are breached or deficient. Virulence factors can be divided into sev-
eral categories.
A. Enzyme production can be of several types depending on the needs of
the organism, its requirements for survival, and the local enviranment.
1% breaks down hy acid to aid in the digestion of

tissue.

2. Protease digests proteins to enhance the spread of infections.

3. Coagulase allows coagulation of fibrinogen to dot plasma.

4, Collagenase breaks down collagen (connective tissues).

B. Toxins

1. JEXGEERINE are pr with specific enzy activities
produced by many Gram-positive and Gram-negative organisms.
Exotoxins are released extracellularly and are often the sole-cause.af
disease.
a. Some toxins have several domains with discrete biologic functions

that confer maximal toxicity. An example is A-B exctoxin, where
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the B subunit binds to host tissue cell glycoproteins and the A sub-
unit attacks a ible target.
b. Many toxins are ADP-ribosylating toxins.

2. |Endatexinlis the W molety found In the
outer L ‘When released by cell
lysis, the lipid A pnman of I:pupolymmrldt can induce septic shock
characterized by fever, a:ldoskf
tion, and (DIC).

Surface components may protect the organism from Immune resp

such as phagocytosis or aid in tissue invasion. For example, the polysac-
charide capsules of H. influenzae typr b and the ocudnc polysaccharide
capsule of rfere with phagocy Other
surface proteins, such as adhesins or fil di

pili}, are involved in adherence of invading miuowganlsms to cells of
the host.
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Bacteriology Overview 2
[ e —

This chapter reviews the essential features of bacterial
structure with an on the between i

P P

tive and G i gal . Also dit d are impaortant
concepts relating to bacterial growth, metabolism, sporulation, and
the methods by which bacteria transfer genetic information.

CLASSIFICATION AND IDENTIFICATION OF BACTERIA

A, General properties can diffarentiate prokaryotic (single-celled) organ-
isms from higher eukaryotic org. The most fea-
tures include:

1. Prokaryotes have 70Swibosomes, while eukaryotes have 80Swibo-
somes. This difference allows some classes of antibiotics to specifically
target prokaryotic protein blogynthesis,

2. Prokaryotes have a naked, single, dmlar chromasome of double-

ded DNA that ly. There is no true nucleus.
Prokaryotes lack a nuclear membrane, and their DNA does not have
bbasic proteins (histones) associated with it.

3 ¥ lack b bound organelles such as ia.

4. The cell wall of most hmrii is a unique, rigid, ptmw
that allows the ch positive and G stain- m_i Wk
ing of bacteria. Gram stain (positive vs. negative) is hmd on bio- s e S L sl = -
chemical retention of dyes by the cell's outermost layer; Gram-posi- The [jBRRSmaS) nciuding ureaplasma)
tives have a larger amount of peptidoglycan. Acid-fast staining is ::“:r;"ﬁ'mm m‘dc:n-m“;rfm;
based on the ability to resist acid decolorization due to a high con- lack muramic a<id, Both mycoplasma
tent of waxes in the cell wall. Mycobacteria species are acid fast and and chiamydia ai therefore nesstantdo

Nocardia species are partially acid fast.
5. Flagella are responsible for bacterialmotility.
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Gram-positives:

+ Thick peptidoghecan cell wall overtays
cell membrane

* No outer membrane

* Cell wall contains fipoteichaic acids
and some have teichoic acid (virulence
factor)

* Thin peptidoglycan cell wall overlays
cell membrane

* Also have an outer membrane

* Space between cell membrane and
outer membrane includes peptidoghy-
can and is cafied the periplasmic space

* Lipoprotein in the penplasmic space
connects the outer membrane to the
cell membrane

= Lipopolysaccharide (LPS) is a compo-
nent of the outer mambrane:

Lipid A = tawic portion

6. Pili or fimbriae are used for-attachment to host cells and are required .
for conjugation in Gram-negative bacteria. These structures convey
adhesive-properties to bacteria (adhesin).

B. Classification of bacteria is defined arbitrarily by the biochemical charac-
teristics andlor phenotypic features that allow look-alike organisms to be
differentiated from each other. The genus and species of an isolate can
be determined by morphology and Gram stain and by biochemical and
nutritional traits. Some specific examples include:

1. Biechemical ch istics such as specificity (e.g., B. per-
tussis grows specifically on Bordet-Gengou agar), the ability to fer-
ment specific sugars (e.g JENEEIH are lactosefermentors), and the pro-
duction of unique metabolic products (e.g.. MySbSETSHumTubEuS"
‘lasis produces niacin).

2 I the identification with specific antibodies in
diagnostic immunoassays,

3. Bacteriophage typing is useful epidemiologically in tracing the source

of epidemics.

Animal pathogenicity

Antibiotic sensitivity

L

BACTERIAL STRUCTURE .

A. The cell envelope is defined as all layers that enclose the cytosol of a bac-
terium. it is the main structural feature that differentiates Gram-positive
from Gi gative bacteria. Gi positive bacteria have a smoath or

finely surface isting of the lasmi pepti-
doglycan layer, and sometimes an outer capsule. Gram-negative bmrln
have a complex cell lop isting of a cy

{inner s ), space i gl an outer
membrane, and sometimes a capsule.

1. Capsule production is usually with because cap-

sules are antiphagocytic. Most capsules are carbohydrate in nature.

2. The slime layer is easily washed off and is less adherent than cap-
sules.

3. The bacterial cell wall is a structure unique to prokaryotes and is a
major site of anti attack (e.g.,
synthasis).

a. Gram-positive bacteria are compaosed of a thick layer of peptido-
glycan, lipoteichoic acids, polysaccharides, and sometimes, tei-
choic acid. The surface proteins bind to extracellular material.

b. Gram-negative bacteria have a trilayered nntel m:mbune
anchored to the cell b i
(lipopolysaccharide, somatic O antigen, and core polysaccharide) .
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in the outer membrane is unigue to Gram-negative bacteria.
Protein porin channels allow the flow of extracellular material
through the cells outer membrane.

4. The periplasm is the space -

It ins proteins, peptidoglycan, hydrolyti

enzymes, and plasmid The i
T : Lo

. Plasma (cell) membrane functions primarily as an csmoticsbarsies Its
compasition is 60-70% protein, 30-40% lipid, and small amounts of car-
bohydrate. If present, the bacterial electron transport chain is located
within the cytoplasmic membrane. Structures associated with the plasma
membrane are membrane polyribosome-DNA aggregates and meso-
somes. Mesosomes are convoluted structures of cell membrane impor-
tant in cell division.

C. Cytoplasmic structures

1. The nucleoid region of bacteria consists of a circular chromosome of
double-stranded DNA that lacks introns, histones, and a nuclear
membrane. In contrast, eukaryotic nuclei contain all of the above.,

. Ribosomes consist of 70% RNA and 30% protein. 705 ribosomes

are 1o ger RNA. The 705 complex can be
broken down into subunits of 305 and 505.

. Polyamines (e.q., putrescine) are located mainly in ribosomes and

prevent dissociation of the 705 ribosome.

4. Cytop g late food reserves such as glycogen,
lipids in the form of pobyf and phosphate In the
form of volutingranules.

5. Spores (end are found in
Spores promote the survival of the organism under adverse environ-
mental conditions because they resist heat and drying. Spores are
highly dehydrated and refractile. They convert into vegetative cells
via i when i of the are more favor-
able.

~

w

BACTERIAL GROWTH

How rapidly an infection can progress before host defenses respond can
determine the severity of disease. In a closed system, growth is dependent
upon the availability of nutrients, the external environment (e.g., tempera-
ture), and the growth rate of the specific species. Figure 2-1 depicts a typical
bacterial growth curve, :

KAPLAN MEDICAL
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(s i to obligate anaernbic
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because they

Figure 2-1. Growth curve in a closed system. a w lag phase: b = exponential or log
phase; 3 = stationary phase; d = phase of decline.

A, Bacterial growth in a closed system

. The lag phase is a period of mosgrowth when the organisms are
adapting to a new environment.

2. The exponential or log phase describes the dy i h,

typically at the organism’s fastest rate. It i until the i
are depleted or toxic waste products accumulate, Many antibiotics,
especially those that target cell wall synthesis, are maximally effective
during this phase.

3. The stationary phase occurs when
aceumutate, Cell number s stable (cell loss = cell formation). Different
outcomes can occur depending on the species of bacteria. Some bac-
teria stop growing but remain viable for long periods of time. Some

ganisms cannot maintain a viable, growing state. When they
reach the stationary phase, they immediately start to die. Other
organisms, if conditions do not improve, start forming spores.

4. The phase of decline is ob d when the death. due
to cell starvation or sensitivity to toxins.

SURVIVAL IN OXYGEN

Survival in oxygen Is an important parameter used to dassify bacteria, whlk

bacteria produce th ion (0;-) invth t Three
enzymes are important to detoxify this ion. Superoxide dismutase converts
the sup ide jon to hydrogen peroxide. Catalase or p idase then

balizes the hydrogs ide to water and oxygen. Obligate anaer-

obes (strict anaercbes) lack these enzymes or have such low levels that an
oxygen environment is toxic for them. Examples of obligate anaerobes are
and b

iod grow with or without
oxygen. Whether they ferment or respire is an independent issue.
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@ ENERGY PRODUCTION

Energy production requires a source of carbon. Some bacteria are very versa-

tile, requiring only a few essential nutrients. Many pathogenic bacteria have

become so host-adapted that they have lost much of their metabolic
machinery. They have many additional requirements and are termed fastidi

‘ous bacteria.

A. Siderophores are iron- (Fe®*) chelating compounds, which are essential
for growth of many pathogenic bacteria. The siderophore i a low-mole-
cular weight material, such as a eatechal that is excreted from the cell.
This molecule blnds iron and is then bound to a cell wall or outer mem-
brane protein lnd transported into the cytosol of the cell, where it is uti-
lized in energy metabalism.

B. Mechanisms of energy production
1. [FERMSATALION is the anaerobic degradation of glucose ta obtain ATP.

a. It is much less efficient than respiration for generating energy. It
can be used by obligate and End
products of f ion differ depending upon the organis
and are often useful in identification.

b. Most obligate anaerobes and all Streptococcus species use fer-
mentation. SHEEIOEECELS Species dan only-ferment because they
cannot make cytoch or catalase. they do have

and %o they can survive in an
oxygen environment.
2. [Respiratianl completely oxidizes organic fuels, and requires an elec-
4 tron transport chain to drive the synthesis of ATP.

«[&r a. Respiration produces almost twenty times as much ATP as fermen-

tation. It requires a terminal electron acceptor. The wsual electron
acceptor is oxygen; however, sitematesleatron acceptors, such as
‘niwateand fimarate, are used by some organisms.

Given a choice, bacteria will opt for respiration over fermenta-
tion. However, bacteria differ in their intrinsic ability to use fer-
mentation or respiration.

=

(D strict or pbligate aerobes only respire and must use oxygen as
a terminal electron acceptor. Mycobacterium tuberculosis is a
good example of an obligate aerobe.

@ some bacteria only ferment.
@ The majority of bacteria use the most versatile strategy, fer-
or o ding upon the
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me'gmerormphrbmarommam
on a lysogenic bacteriophage.
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SPORULATION

A. ABBSIEis a dormant structure capable of surviving prolonged periods of
unfaverable environmental forces. Spores are capable of re-establishing
the vegetative stage of growth when environmental factors become
more favorable. Spores are resistant to radiation, drying, and disinfec-
tants. Thermal resistance to denaturation is due to the high content of
“alcium and dipicolinic acid in the core. Sporesfarmation is observed in
Bacilliis and Clostridium species.

B. Initiation of sporulation is related to the guanosinestriphosphatespool.
Regulation is by means of negative feedback. In addition, the availability

of carbon and nitrogen sources are important to sporulation activity.

= and outg occur when I and nutritional
factors allow for renewed cell growth.
1, Veg growth is by the exp to such as

glucose, nucleic acids, and amino acids.

2. shctivation-of-autalysin results in autolysis of the cortex. The synthesis
of protein and structural components follows. The spore core mem-
brane develops into the cell wall.

GENETIC TRANSFER

Genetic transfer refers to three principal mechanisms that result in the
movement of genetic material into a host organism.

A, Transformation is the uptak d ion-of from the

environment.

1. Once inside the cell, homologous recombination with the chromo-
some of the recipient must occur for the transformation to be suc-
cessful.

2, ion can be induced in the y with salt and heat
shock. This technique is used to force cells to take up plasmids carry-
Ing genes of interest.

. There are natural transformers among both the Gram-positive and
gative bacteria. The medicall natural s
ers are Streptococeus species, Haemophilus species, Neilsseria gonor-
rhea, and Helicabacter pylori.

8. [Transduction is the phag # There are
two kinds of transduction: generalized transduction and specialized
transduction.

1. In generalized transduction, bacterial DNA is mistakenly packaged
inte an empty phage head. This is a very low frequency event, but

W. Once inside the recipient cell, homolo-
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. gous recombination must occur for the transduction of information
1o be successful.
2. During specialized duction, a | ic bacteriophage that is
integrated into the bacterial excises itself,

taking some chromeosomal DNA. When the phage replicates, any bu:-

terial gene that it has picked up is also replicated. These genes will be

carried into cells that the progeny viruses infect. Specialized transduc-
h

BacTERIOLOGY OVERVIEW

Uon.occurs-at.a:higher.
<. Conjugation i tne direct ransfer of it
requires It is the for wide- INTAINYTSHELL
spread transfer of genetic information between bacteria. * Transformation —» Uptake and inte-
1. Mast conjug is plasmid Ajplasiigls an gration of naked DNA fragments
| piece of circul replicate ftself. It often carries ~ —+ Phag lared
genes, such as those that encode resistance to antibiotics, and viru- :"mwzﬂ"’mm :
¥ 2 7 » Conjugation — Direct bacteria-to-bac-
lence factors, such as enterotoxins or ins. Plasmids vary in size, teria transfor of DNA & ial sax)
copy number per cell, and host range.
2. If a plasmid can exist only within a single species, it is called a mamows,
shost-range- plasmid. If it can transfer between different genera of
ganisms, it is called a ange
~¥3. Al plasmids can replicate within the appropriate host, but
not all plasmids can transfer themselves,
. a. A conjugative plasmid codes for the genes involved in transfer
between cells.

b. A monconjugative, or mobilizable, plasmid requires the help of a
conjugative plasmid to transmit itself to another bacteria.

D. (Insertlon sequences are small (1,000 bp) pieces of DNA that code for the
enzyme transposase, which allows them to jump-into-and outof DNA.

1. A consists of two inserti fianking an antibi-
otic resistance gene.

2. and insertion can insert into target DNA with-
out significant homology at the site of insertion,

3. This ability to move b h plasmids, or bacterio-
phages is an efficient mechanism for moulng genes through a bacter-
ial lation. In fact, are fi with the
formation of multiple-drug resistance g!nsrnlds

DENTAL CLINIC MICROBIOLOGY

A Sterilization and disinfection

Dental instruments are cleaned and p to remove
micreorganisms. By far, the most common processing technigue is steril-
ization, in which all life forms (bacteria, fungl, viruses and bacterial

KAPLAN MEDICAL
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spores) are killed. By contrast, dBIRBSEHBNFefers to killing of pathogenic
organisms and most microorganisms in general. Disinfection will not kill
bacterial spores, and disinfected instruments are not sterile.

. Sterilization methods

1. dutoctave (steam) - 17 51
Autoclave uses steam under pressure. Typical temperatures and times
are 121° for 20-30 minutes depending on load types.

. Dryheat (driclave)
Dry heat requires both greater temperature and more time. Typical
temperatures and times are 160° for 1-2 hours depending on load
type.

3. Exhylene oxide (chemiclave)

Ethylene oxide requires times of 8-12 hours.
4. Miscellansous

N

using long-t disinfi is a

Spores are not killed by long disinfectant soaking, unless extremely
long time periods are used. (Example: glutaraldehyde 12-15 hours).
All instruments must be cleaned before sterilization. Proteinaceous
material, in particular, blocks heat from reaching microorganisms
(example:"blood, tissue). Other factors interfering with sterilization
are*overpacked autaclaves and use an'incorrect cycle (an exposure
time which is too short).

¢ Disinf
Disinfectants, antiseptics and heat kill by a variety of actions (Table 2-1).
Table 2-1.
Material, Method Action
Steam Heat/most disinfectants Protein denaturation
Ethylene oxide Alkylation of proteins
Dry Heat Protein denaturation/des-
sication
Glutaraldehyde Alkylation/protein
precipitation
Detergent Membrane disruption
Soap Emubsification of fat/debris
= removal
| Chlorhexidine Membrane disruption
| Maercury compounds Protein precipitation
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. Disinfectant guidelines
1. Must be EPA registered
2. should kill "benchmark™ PR S " A

3. Should have the ADA seal of approval for use on dental instruments.
E. Sterilization monitors

Sterilizers need to be checked to insure that they are adequately steriliz-

ing instruments, There are two types of monitors:

1. process indicators—show that sufficient temperature was reached in
that load. Often a color change strip or sections of autoclave bag.
Does not show of high P for
period of time.

2, [Blslegical Monitars—spore strips of spore-forming Bacillus sp are
loaded with instrument load. Spores are cultured following autoclav-
ing cycle. Negative culture is expected. Usually a "teststrip™ is-auto-
claved, while a "eontrol strip™isnot(to show viabllity of spores).
Current requirement in most jurisdictions s wnlgy bialogic monitor-
Ing.

only p

. Universal precautions
Developed in the dental field following dental-related hepatitis B clus-

ters in the 1970s, Ip i is both a phil hy and a set
of procedures. All patients are assumed to be potentially infectious and
ilization/cleaning proced AT
are completed for all patients of the or
health status of the patient. ion-of LRl and
lals d nds TP e
1. d included in uni |

. Sterilization MH instruments.

. Disinfection of some instruments and “touch and splash” surfaces

. Barrier methods (gloves, masks, face shields, plastic chair covers,
light handle covers)

d. Disposable instruments (trays, prophy angles, etc.)

T
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Bacteriology: Gram-Positive Cocci

G ik - —

There are two medically important genera of Gram-pasitive cocci—
Staphylococci and Streptococci. Both are nonmaotile and do not

form spores.
Streptococc are catalase-negative.

are lase-positive, whereas

STAPHYLOCOCCUS

A. Genus characteristics and classification
. 1. Staphylococci are Gram-pasitive cocd that divide perpendicular to the
last plane of division, forming clumps or clusters. Depending on the
age of the culture, they can be observed singly, in pairs, in short
chains, or in grape-like clusters,
2. They are hardy organisms because they are relatively resistant to heat
and drying.
3. the Staphyl i are facultati o and pos-
sess both superoxide dismutase and catalase.
. Clinically, the mest important distinction is between 5. aureus and all
other species that are nonpathogenic members of the normal flora.
The coagulase test is a simple way to differentiate 5. aureus from the
coagulase-negative Staphylococcl.
. While there are six species of coagulase-negative Staphylococei, the
most numerous species on the skin is 5. epidermidis. The other coagu-
lase-negative species of clinical relevance is 5. saprophyticus.

s

w

B. Staphijlococeus aurels is a common infectious agent of humans, and
tends to cause localized or toxin-mediated disease.
1. Staphylococcus aureus should not be considered normal fiora, but it

does transiently colonize the nasopharynx, skin, and vagina of up to
30% of the population.

2. Table 3-1 izes the conditi ly caused by 5. aureus. |
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Table 3-1, Comman conditions caused by SEABRIOCOCCUS aureus .

!
| Direct infection
| Skin: Folliculitis, furuncles, carbuncles, abscesses, cellulitis, wound
infection
Deep infection: Osteomyelitis (often post-trauma andlor surgery)
Systemic infections secondary to above
Osteomyelitis, endocarditis, lung abscesses, pneumonia
Toxin-mediated disease
| Food poi scalded skin bullows igo, toxic shock
| syndrome

3. Staphylococcus aureus does not produce a single factor that is neces-
sary for virulence. The best-host defense against infections.are M.
No protective immune response is raised, so one can get infections
again and again. Multiple virulence factors include: protein A, bind-
ing protein, DNAse, i lipase,

and various it luding h fysins). 5. aureus is gy
resistant to penicillin and other [-lactase antibiotics.
4. Weatment. The drug of choice is a penicillinase-resistant-penicillin
{e.g., methicillin, nafcillin, or oxacillin) or asfirst.generation
in. Methicillin-resistant 5. aureus (MRSA) requires treat-
ment withianeomyein. @
1. The major virul factor it prodi i & viscous. !
biafitrristime).
2. When foreign bodies like IVs, catheters, and prosthetic valves are
inserted into the host, Staphylococcus epidermidis can grow on their
surface, embedded in the biofilm. This biofilm makes it difficult for
the immune system to destroy the organism.

3. Treatment is with vancomycin,

D. Staphylococcus saprophyticus /,urr
1. Causes urinary tract infections In sexually active women,
2. Treatment is with.penicillin,

STREPTOCOCCUS

A. Genus characteristics
1. are Gram-positive coccl that form chains.
2. Metabolically, the P i are because
they derive energy from fermentation only (lack cytochromes).
a. The principal end product of fermentation is lactic acid, and perhaps
because of this they are more acid-tolerant than most bacteria.
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b. Although Streptococci can live in conditions where oxygen is pre-
sent, they lack catalase. [Cafalase’is a cytochrome-containing
enzyme. that degrades: hydrogen perowide to oxygen and water.
This feature is useful for differentiating the Streptococei from
other Gram-positive onml such as the mphyhxm
Almost all lly imp i are @uxotrophs,

g they requi or more amino acids, or
nucleic acids for growth,.and therefore are not free-living in the
environment.

4

8. Classification. The most common classification scheme for the

c

Streptococci is based upon their reaction in blood agar.
1. w-Hemolysis—the red blood cells surrounding the colonies are intact,

but there is partial breakd,
dans) pigment.

of the heme,

in a green (wirk-

. f-Hemolysis—the red hlood cells surrounding the colonies are com-
pletely lysed. Bet P

i are also serologi-
cally into Lancefield groups {(A-0) based on their cell wall carbohy-
drate. Clinically, the most important group is Group A

3, yHemolysis—no hemolysis or color change of the red blood cells is
detected.

el can be from each other by their

inhibition or gruwlh in the presence of optochin or bile. This group
includes Streptococcus pneumoniae and the Viridans Streptococcl,

1. |Straptococcus pneumoniae, also known as pneumococc, grow in

jpalrs or short chains.

BacTerioLoGy: GRam-Posimive Coccl

a issi Is spread person-to-per-
son :hmugh urnanl droplets. 20-40% of normals are transiently =
coloni  nasopharyni. BgaNyTSHELL:

—b. dhummmltnmmmmon:wud’m S.mummllw_ iy £ ;
pneumonia and also causes otitls media, sinusitis, bronchitis, and o mm inhibited by optochin
bacteremia. It is the most common cause of meningitis in the « Virulence confered by polysaccharide
elderly. capsulie

—4 < Risk factors for infection due to Streptococcus pneumoniae * Clinical correlations:
include poverty, a debilitated state of health, the absence of a T ITeUmolie fEpecll i e
spleen, and certain diseases such as sickle cell anemia, Hodgkin's ~ Otitis media
disease, multiple myeloma, and AIDS. - .Qhus_ms
d. The most important factor of * H calsse in ekderty)
z _— ~ Bactereria
ae is its carbohydrate capsule. = Csmpopuhmmma&&m—
e, Prevention. A vaccine of 23 of the polysaccharide antigens exists. ceptible: elderly smokers, alcoholics,
It should be given to the elderly, those undergoing splenectomy, children, asplenics
¥ L di = Vaccine available
and those with a p g them to us o Traaurart with i BT s
pneumoniae disease, tance on the rise
KAPLAN MEDICAL 29
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Norte

Destrsnmare involved in the ability of
dental plaque (especially 5. mutans) to
adhere fo enamel.

= Pharyngitis (strep throat]
~ Scarfet fever
~ Skin: erysipeias, cellulitis, impetigo,

Secondary :
mdaaamgbn«_u@mhnm

IN.a NuTsheLe

5. agalactia (Group B):

* P-hemelytic; resistant to bacitracin

* A capsule

= Causes meningitis, sepsis, and pneu-
monia in neanates (acquired duri

passage through vaginal canal where

organisms are part of normal flora)

) in the past, all were sensi-
tive to penicillin. Penicillin resistance due to transformation with
DNA from nonpathogenic Streptococci in the oral pharynx is
becoming a problem. These cases can be treated with vancomycin
or erythromycin.
2. Miridans Streptococed are normal oral flora.
a. They produce dextran, a substance that allows them to adhere to

many surfaces. &

b. They are the major cause of Mu?tgfndmﬂﬁl {e.g., 5. san-
guis) in those with abnormal heart valves. Streptococcus mutans
causes dental caries.

. Treatment of choice is penicillin.

[ I P i are further subdivided into groups A through D

and F aﬂd G based on antibodies to a heat-stable, acid-stable carbohy-

drate in their cell walls. This antigen is called C carbohydrate or the

Lancefield antigen.

1. Group A Streptococci (GAS) contains only one species, Streptococcus:
pyogenes, but it is the most impertant Streptococcal pathogen.

a. It can be distinguished from the other f-hemolytic Streptococci
because it is inhibited by the antibiotic baditracin:
b. Clinical of 5. are d as sup- .
prative and nonsupprative.
(1) SMpwndw complications of pharyngitis include otitis media,
il lhuliti p:-' illar and pharyngeal
and ic spread, Other supprative
infections include €rysipelas (skin infection), pyoderma
UWP““‘ m-:..n!ﬂulnlx. lymphangitis, perianal cel-
lulitis, puerperal sepsis, meni ia, and ampy
2 occur weeks after initial infection.
lnflnmmun occurs in organs not originally infected. These
sequelae include acute glomerulonephritis, in which edema,
hypertension, and hematuria occur after pharyngeal or skin
infection, Also classified within this group is rheumatic fever,
occurring 7-28 days after pharyngitis and results in fever,
«carditis, and palyarthritis.

c. Transmission and epidemiology. Group A Strep is an obligate
human parasite spread person-to- respir ion
via droplets, direct contact with the skin, or fomites. Bharyngitis is
most commen in winter and spring, with the highest incidence
among preadolescents. Contaminated milk or eggs have also been
the cause of food-borne epidemics of pharyngitis. Impetigo-like
skin infections are most prevalent in summer and are often due to
the infection of insact bites.
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d. Virubence factors. The most important virulence factor te remem-

ber is M n.
 Stre (Stn ise) is part of normal
glml and intestinal !Ior.l in 25% of a given population.

a. In contrast to 5. pyogenes, 5, agalactiae are resistant to bacitracin.

b. The major virulence factor is an anti i de
capsule.

< Infants are more susceptible to disease from the organism than
adults. They aspirate the organism during passage through the
birth canal, and if they lack passive resistance from maternal IgG
antibody, disease may ensue.

d. Clinical manif include p sepsis, and meningi-
tis. Group B Streptococci and E. coli are the major causes of these
diseases in the neonatal population (under 1 month of age).

e. Treatment for 5 agalactiae is a penicillinase-resistant synthetic
penicillin.

formerly Group D. include the imp:

pathogens Emterococcus faecalls and Enterococeus faecium,

a, Both organisms are part of the normal fecal flora. These organ-
fsms were classified as Group D, f-hemolytic Streptococch; howey-
er, nemolysis is not a consistent feature because it is encoded on a
plasmid.

b. These organism can cause infection when they spread to the uri-

nary tract. When the intestine is disrupted, they are one of the

organisms found in an abscess. Enterococcus species also cause

approximately 10% of cases of subacute endocarditis,

Unlike the Streptococei, Enterococel exhibit penicillin tolerance

because they are mlub e:l. but not kiiled.mm_mmmk

Recently, st i have

3]
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Patients with heart murmixs must be
premedicated to avoid bacterial endo-
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Bacteriology: Gram Pos:tive Bacilli
RrLIETL AT :

The four most imp genera of G positive bacilll are:
Listeria, Corneybacterium, Bacillus, and Clostridium. Listeria and
Corynebacterium do not form spores, whereas Bacillus and
Clostridium do.

LISTERIA MONOCYTOGENES | SpeRE FRRAING
1- bnciflne
A. Characteristics 2. dstridiam
. 1. L ytog is a small positiv bacillus that does not Nd‘)f I RE ﬁf?ﬂ’}m’é
form spores. . L ;"r'r;’-\mb
2. Mi the i bers of 2 7
the C genis oidis*), which are part of nar- - aorynegbactering
mal skin flora,
3. Unlike the dip ids, Listeria ytog is motile at room.
and pt {2 a:
B. Listeria is a it infects

phagocyticeelis. it also pmduaw which is a beta-hemolysin
similar to streptolysin O. Listeria is most often acquired through ingestion
of contaminated meat or unpasteurized dairy products.

C. Risk factors, Groups at risk of serious disease from Listeria monocyto-
genes include
and alcoholics,

D. Treatment is@mpIElli with sulfamethoxazoleftrimethprif as an alter-
native.

CORNEYBACTERIUM DIPHTHERIAE

A. Ch C. diphtheria is a club-shaped,
Aorming, Gram-positive rod.

KAPLAN MEDICAL
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Note
The antiphagocytic of
unique in that it is
not paly-
saccharide.

&. Diitheria Rk s responsible for the clnical symp @
1. A lysogenicphage . ;
€. Clinical of ia include i iy

pper
Iting in a tonsillar grayish dh b that may spread to the
pharynx and larynx and can compromise the airway. Although the

organism is not invasive, the toxin is absorbed systemically and acts on
other tissues. Diphtheria toxin is especially toxic to the heart and can

cause cardiac failure,
D. Treatment consists of antitoxin @hd srythramyein and should be adminis-
tered as soon as possible, 404 =7

E A vaccine ining dipl Is admi d dur-
ing the first year of life. Boosters are required every ten years,

BACILLUS

Bacillus species are a group of large Gram-positive rods that produce spores.

A. Bacillus anthracis Is the major pathogenic species.

1. Spares produced by the organism persist in soil or in products from
infected herbivores for many years.

2. Encoded on a grmng are an antiphagocytic capsule and throe vird-
dence-factors that act in concert. What is commonly called Snthraey

toxdn is actually a combination of these three toxins:
a. Protective antigen (PA)
b. Lethal factor
¢ Edema factor

3. Infection ly occurs through skin-cuts-orabras
wsions, although the organism may also be inhaled.

4. Clinical manifestations of anthrax may be cutaneous or systemic.

faxiaccounts for 95% of all infections. The charac-
teristic presentation is papules that develop into ulcers with
necratic centers. Regional lymphadenopathy can occur. Edema is a
major complication, and this infection may be fatal in 20% of
untreated cases.

b. [ Systemic anthraxlis acquired through the respiratory (inhalation
anthrax-Woolsorter's disease) or_g__mrgimmiml oute and results
in lymphadenopathy and septicemia. It is aimost always-fatal:

5. Treatment and prevention

a. The drug of cholce for Bacillus anthracis infection is Benieillin!

b. Anthrax is controlled through prevention and clean-up of conta-
minated areas.

¢« In the United States, a killed vaccine is available for individuals
with a high risk of exposure and for livestock.

KAPLAN MEDICAL



BACTERIOLOGY: GRAM-POSITIVE BACILLI

B. Badillus cereus produces two enterotoxins ard usually grows in foods,
especially in cereal grains such as rice.
1. The principal dinical manifestation sfood peisoning of two types:
a. Alhértincubatiah food poisoning (1-6 hours: emetic type) causes
severe nausea and vomiting.

b. Food paisoning of (GAETHEUBETIBNI10-24 hours; diarrheal type} is

observed as abdominal cramps and a.

2. Treatment and prevention include support for food poisoning, such
as as it i If an ibiotic Is ind Jm
can be used.

CLOSTRIDIA

Clostridia are characterized as large, obligate anaerobic, spore-forming rod
A, Characteristics
1. Clostridia are usually found in the soilorhuman.Gliract

2. The four majer pathogenic species, Cl P gens, C diffi-
cile, C. tetani, and €. botulinum, produce many toxins and destructive
enzymes, includi I protease, hy and lecithl-
nase.

. Most infections are mixed, that s, an aerobic organism grows first
and reduces the environment, thus allowing the anaerobic Clostridia

o grow.
B. Clostridium perfringens is a fast growing, nenmetile organism found in
the soil and-the intestine.
1. Characteristics. There are five types, A through E, based on the pro-
duction of four toxins, alpha,-betayepsilon;.and-dota: All strains pro-
duce alpha toxin, aqmmmsmm.nu se C that is also

2. Transmission of C pen’nngcm oceurs through Mmm.d&nm
skin, bowel, or otherepithelial tisss. Infection may be due to jray-
matic injury, surgery, or septic abortiop. The organism s part of the
normal intestinal flora. Spores are frequently foundsinsail.

Clinical manifestations take on several forms depending on the site
and severity of infection. A diffusely spreading organism may cause

35

e f;
a. Gas gangren or s a life-threatening ilness charac-
terized by s 4 Gas, an end

product of Inrme'nmlon, forms in the muscle tissue and causes
F_'.m" Approximately 80% of the cases of gas gangrene are
caused by C. perfringens.
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b. mcanbetamedbyc perfringens. It is thought to

be the third most common cause of bacterial food-borne epi-
gdemics, after Staph aureus and The infecti
is by pain-and-diarhea-for-12-24.ha
systemic effects are uncommen.
<. (Skinsand softstissus infactionsfare typically localized infections.
Tissue infection is ized by lulinis, stump infoc-
tion.in. irectal jiabetic f d
decubitus ubcers:
d. m u!ually polymicrobial in origin. Intra-
inal infi may cause bowel d emphyse-
‘matous.ch PETVIE Trifie may be seen as tubo-gvarian
and pelvic abscesses and as septic abortion.
for gas gang consists of ical dek !
s Food due to the of type A is usually

self-limiting, and hence is not treated with antibiotics.

€. Clostridium difficile

5

2

Clostridium difficile is a of the nol
small percentage of adults.

The organism can preduce two heat-labile toxins, enterotoxin (exo-

| bowel flora in a

‘toxin A) and eytotoxin (exotoxin B).
Clinical C. difficile ot antibioti
ciated diarrhea and 55!6 of the cases ofumm
a. Two precipitate il
colitis ammandm
b. colitis p with a history of
nausea, iting, abdominal pain, and green diar-
rhea,
. F Py with an erythema-
Tous mucosa.
d. Diagnosis ks confirmed by demonstrating toxin in the stool,
Oral » or are the current treat-
ments.

D. Clostridium tetani
1. Characteristics

a. Spores are abundant in the goil, When they are inoculated into a
site of injury, a drop in the redox potential leads to germination.
In 50% of cases, there is no history of a wound.

b. The a plasmid-encoded neuro-
toxin that blod:s the normal inhibition of spinal motor neurons. it
prevents the release of the inhibitory neurotransmitters glycine

and gamma-amino butyric acid, leading to mmm

Death can occur from respiratory failure.
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u

. Clinical manifestations. Tetanus has four clinical presentations: |

a. [Locallinfieetion can cause persistent local muscle contraction. It has
low mortality and is noninvasive.

b. [Cephalicinfection is rare in presentation. It can follow chronic oti-
tis media and can progress to the generalized form.

c. Generalized tetanus infection is the most recognized form. It is
painful and presents with “lockjaw® progressing to opisthotonas.
Martality is approximately 60%.

d. [INecnatal tatanis infects the umbilical stump. It is the major cause
of infant mortality in developing countries.

3. Treatment for tetanus includes surgical deblld!mem of the wound. IN A NUTSHELL |

lh.:j"* ofh ““t 'ﬂ—-'ﬁd - Y| vinence factors of Gram* acil

and muselesrelaxants (curare-like drugs). The "
choice is mstronidazole. diphtheriae that inactivates EF-2

4. Prevention. Since the same toxin is found in all strains, tetanus can be mmmm
prevented by immunization with tetanus toxoid. Booster shots are inhibited in host.

required every ten years. In contrast to diphtheria, a patient who sur- Bacillus anthracis —  Antiphagocytic
vives tetanus is not immune to the disease because the minute . i
amount of toxin necessary to cause disease is not sufficient to elicit % [mw

an immune response. sk wfar:wm
E botulinum is found Iy in soil. ol
f— Bacillus cereus — 2 enteratoin
1. Characteristics
a It pmducu a powerful, heat-labile neurotoxin that is usually 0““""’“"'"““ m‘r""
.l d with improperly canned food. The toxin flecithinase)
blocks lh. release of acatylcholine from motor neurans in the =
peripheral nervous system, producing flaccid paralysis. difficile fexataxin A}
b. There are seven immunologic types of toxins, some of which are mm
s Clostridium tetani —+ Plasma-encoded neu-
2. Clinical manifestations rofain (hefancspis-
a. There are a constellation of dlinical signs assoclated with €. botu- i o dbpindiod
linum intoxication. mitters—spastic
(1) Dilated unreactive pupils (bulbar paralysis) oot
(2) Descending weakness or paralysis usually starting with the era- w{{ = e
nial nerves
(3) Progressive respiratory weakness Py
{4) Absence of fever
(5) Dry muceus membranes
{8) postural hyp |
b. mis also called floppy-baby-syndrome. \When an
infant is by the organi: low levels of toxin ‘

progressive muscular weakness and poor motor development.

can be produced, leading to failure to thrive and eventually to
Older children and adults do not seem to be afflicted. Infant bot- ‘
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ulism fs the most common form in the US. and Is the reason why .
——  infants should not be fed honey.
. In contrast to tetanus, the autonomic dysfunction that results
from botulism is not life-threatening if the patient is intubated

and approp i is used.
3. Treatment for botullsm toxin polsening includes respiratory-support.
and human-antitoxin treatment.
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Bacteriology: Gram-Negative Organisms 5
>

The Gram-negative bacteria are a very heterogeneous group with a
large number of medically relevant species. This chapter reviews
the important Gram-negative cocci (Neisseria), as well as the varl-

ous groups of Gram-negative bacilll (enteric organisms, zoonotic

g and

GRAM-NEGATIVE COCCI

Y

@ A tisen wpie T whie
1. Genus characteristics
a. Neisseria are ponmetile. nonspore-forming, Gram-negative cocg.
They are characteristically arranged in pairs (diplococi) with flat-
tened adjacent sides facing each other. On Gram stain, they
resembie coffes beang-

b. Eight species have been identified. Two of these, N. meningitidis
and N. gonorrhoeas, are pathogenic for humans.

2 'lsolation of tha path 5 The genic Neisseria are
fastidi g They are very. ible to heat, cold, and dry-
ing, so specimens require special handling.
B. N. meningitidis (meningococcus) i W N
1. Features L
a. The key virul factor for M. ingitis is its antiphagocytic
capsule. The capsule is the basks of serotyping and serves as the
antigen for vaccines.
b, Endotoxin and IgA protease are also important virulence factors.
r ission of ing is via ch The car-
riage rate in adult | tissue is app ly 10-30%.
Most carriers are w It enters the upper respiratory tract
and may i The risk of di i d disease is
KAPLAN MEDICAL 39
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greatest in individuals with late complement (C6, C7, and CB) defi-
clencies.
3. Clinical manifestations
a. Meningitis, usually of sudden and fulminant onset
b. Meningococcemia, a vasculitic purpura causing disseminated

intravascular coaguiation (DIC)
F< ocous s for Friderich ¥
drome, ch ized by I adrenal cor-

tical necrosis, and sepsis, which is usually fatal.
4. Diagnosis is made by identifying Gram-negative cocci in the spinal
fluid and confirmed by culture of the CSF or blood and demonstra-
tion of oxidase production and maltose fermentation.

5. Treatment and prevention
a. Penlellin'@ is the antibiotic of choice.
b. Carriers and close contacts can be treated prophylactically with
rifampin.
c A quadrivalent vaccine exists to capsule types A, C Y, and W135.
The vaccine does not protect against type B, which has a capsule
that is not immunogenic.

. N. gonorrhoese (gonococcus) — (isg miy ELUDSE

1. Features
a. Many strains produce f-lactamase

2. Transmission of the gonococeus is via venereal contact, but may also
involve fomites. It has an increased incidence of infection in sexually
active young adults (15-30 years old), nonwhites, low socioeconomic
groups, and urban settings.

3. Clinical manifestations are primarily associated with the urogenital
tract, although disseminated disease can occur,

2. Acutewursthritis-and gonorrivea in imenlis observed as a yellow
purulent discharge with dysuria. Ninety percent of men are symp-
tomatic. Common complications of acute urethritis include ure-
thral stricture, epididymitis, and prostatitis. Proctitis is especially
common in male homosexuals.

b. in Mewmalestis asy ic in 20-80% of cases, most
likely due to the inability to observe a discharge. Complications
include pelvic inflammatory disease (15-20% of cases), general-
lized peritonitis, and infertility.

¢ Disseminated disease can be as i b
bacterial endocarditis, and arthritis.

d. OphthalmisNseRateRImesults from maternal transmission to
the infant during birth, line, erythromycin, or
silver nitrate is given to the neonate for prevention. Neonatal

infection may cause ococcal arthritis,
daiiid o Jenococcal srfiitis

— SAIE
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GRAM-NEGAI’NE ORGANISMS

® . [PAIIGIIS; Diagnosis is established by identifying G
cocci in PMNs from the infected site and s confirmed by cul!ure

This may occur in necnates but is much more common in individu-
als who engage in oral sex,

. Diagnosis of JONGEECANTEEHINS in males is made by the observa-
tion of G i and in the urethral exu-
date. In u (uhure and biochemical testing is required due to
the presence of other Gram-negative coccal forms as part of normal

»

‘aginal flora.
5. Treatment and prevention
a, E@NFIBNBAE is the antibiotic of choice for treating infection. M. = — ===
IN A NuTSHELL
pmormmc is no longer :uueptfble to peﬂkirﬂn because of two s el b e P A
lasmid Gonococcus
e Spread  \Venersal Asrosal
b. Because . ions are so regimen 2’,‘,’.;“""‘""
should include an antichlamydial agent (e.g., :Iowline} Vacdne Mo
¢, Safe sexual practices can decrease the | | Ceftriaxone m.umn

GRAM-NEGATIVE BACILLI: ENTEROBACTERIACEAE

The family Enterobacteriaceae includes many Gram-negative, nonspore-
forming, facultative bacilll with simple growth requirements. The ma]nnl)l
of Enterobacteriaceae are normal g flora. In the i
nal tract they exist in a symbiotic rumlomhip with the hest. They synthesize
witamin K and deconjugate bile salts and sex hormones for recirculation to
the liver. They also prevent the colonization of intestinal mucosa by primary
Ci is inhil by colicin/bacteriocin synthesis and
receptor competition. The normal flora of Enterobacteriaceae, which
include Escherichia, Citrobacter, Klebsiella, Enterobacter, Serratia, and
Proteus, generally lack the virulence factors of the pathogenic species. They
act as opportunistic pathogens when they breach the narmal anatomic hal-

riers or when the host is severely P d. Opp:
Enterobacteriaceae are the most cause of intra inal sepsis
and urinary tract infections. A subset of i are

primary pathogens because they contain virulence factors capable of over- ‘
coming normal host defences. They are not part of the normal flora. This
subset includes Shigella species, Salmonella species, Yersinia species, and
some strains of Escherichia colf.

A General istics. There is no uni iy d classi- |
fication for this group. |
B. Physiclogy
1. The laceae are gani they can ferment

or respire, depending upon the conditions. |
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In A NUTSHELL

Found in GI tract (exception: Y. pestis)
Some Enterobacteriaceae:
* Matile {all except Kiebsiella and

Shigeita)
* Have polysaccharide capsule
(Kietrsinlla, Salmonelial—K antigen

Nore

Shigefla and Salmonedla typhi are the
only Enterobacteniaceae that are human-
only pathogens.

42

o

2. i are easily d yed by heat and by common dis-
Infectants or germicides. They are sensitive to drying or desiccation,
In contrast, they survive best in a high-moisture environment.
Respi Y care or i are common sources of
i d ice hines or water supplies

may harber these organisms, causing epidemics.

Antigenic structure

1. K antigens (Vi antigen) are acidic polysaccharide capsules. They are
antiphagocytic by blocking the access of complement or antibodies to
the organism.

2. H antigens are the flagellar proteins and are present only in motile
organisms. H antigen may exist in one of two phases in Salmonella.

3. 0 antigen, or somatic antigen, is the name for repeating oligosaccha-
ride units found in the endotoxin in the outer membrane of
Enterobacteriaceae.

. Pathogenicity is due primarily to endotoxin (also called LPS; the

lipopolysaccharide portion of the cell wall) present in all
Enterobacteriaceae,

1. Toxicity lies in the lipid A portion. LPS may cause endotonic shock
when the enteric bacilli enter the bloodstream (septic shock).
Endmu:k shock is charmanzed by blood pools forming in the micro-

g in hyp ion. Vital organs lack adequate
bleod supply, leading to decreased tissue perfusion, acidosis,
ischemia, and cellular hypaxia. DIC may also occur to further compro-
mise the patient,

2 ns are by some bers of the family (some E.
coli, Shigella) that exert their toxic effects on the small intestine.
Enterotoxins cause secretion of fluid into the lumen, resulting in
secretory diarrhes,

3. Pili, or fimbriae, promote adherence to tissues.

. Shigella

1. Characteristics
a. Shigella is an obligate human pathogen. There are four species of
Shigella: 5. dysenteriae, 5. fiexneri, 5. sonnei, and 5. boydii.
b. It is a slender, nonmotile organism.
2. Transmission. The primary mode of transmission is fecal-oral. These
organisms are not killed by stomach acid; therefore, only a small
number of organisms (< 100) are needed to cause disease,

w

. Pathogenesis. The site of disease is in the colon, where Shigella
invades and superficially destroys the intestinal mucosa. Virulence
factors of Shigella include adhesins, invasins, and toxins, Most are
encoded on plasmids. Finalty, like aIJ Gram-negative bacteria, Shigella
have This the local infl y
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response, but seldom causes septic shock because the organisms do
not invade beyond the submucosa,

4. Clinical manifestations (shigellosis)

a. Bacillary ch by cramps and diar-
rhea. The feces contain blood, polymerphonuclear leukocytes,
and mucus.

b. One to four weeks after the disease, a carrier state may be set up
if the organism is not cleared. Carriers experience long-term,
recurrent bouts of disease.

5. and p includes hy and electrolyte replace-
ment.,

a. Fluoroquinolones are now considered antibiotics of choice.
Alternatively, ampicillin, tetracycline, or trimethoprim-sul-
famethoxazole decreases the duration of symptoms and develop-
ment of the carrier state.

. Prevention is facilitated through personal hygiene, proper
garbage disposal, and water purification.

o

F. E. coli are motile enterobacteria. The Gl tract is a natural reservoir for E.

coli.

1. Pathogenicity in strains causing | ingitis or
ic strains is related to the preunuafu-e K1 c.upuul-rlnﬂgm. which
inhibits phag - icity is with plas-

id Ak Tl B

2. Enterotoxigenic Escherichia coli (ETEC) is a major cause of infant

death in developing countries and is the most commen cause of

“traveler's diarrhea.”

a. More than 100 serotypes of E. coli cause this noninflammatory,
secretory diarrhea, which is similar to cholera but less severe.

. The organism is acquired through the ingestion of fecally-contam-
inated food or water.

. Disease is noninvasive and occurs in the small intestine.

. Major virul factors are plasmid- ded,

o

GRAM-NEGATIVE ORGANISMS

CLinicaL CORRELATE

An examination of a fecal sample for
PMNs is a key component of the workup
uimlecmmhea .rfmey.m.nresmn

towin-producer such as E. coff ar
W cholerae.

Norte

An enterotoxin 5 a protein exofoxin that
is released locally in the intestine.

ins and pili-termed colonization factor antigens (CFA) that act as
adhesins.
3. Enteroaggregative Escherichia coli (EAQQEC) causes persistent watery
diarrhea in children and traveler's diarrhea.
a. The arganism is acquired by ingestion.
b. Virulence factors include pili, an enterotoxin, and a cytotoxin.
coli causes i diarrhea.
a. Infants, especially in the developing world, are very susceptible.

5. Enterohemorrhagic Escherichia coli (EHEC) causes bloody diarrhea,

similar to dysentery.

KAPLAN MEDICAL
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NBDE 1: MICROBIOLOGY

In A NuTSHELL

E colf:

* Most common cause of UTis

= Maost common cause of traveler's
diarrhea

= Causes neonatal pneumonia, sepsis,
and meningitis

Norte

Unlike the other Saimoneliae, 5. typh!
inhabit only the human calon,

Enteroinvasive Escherichia coli (EIEC) causes dysentery that is clinical-
Iy indistinguishable from dysentery due to Shigella.

. Other dinical manifestations of E. coli infection

a. E coll Is the most common causative organism in urinary tract
infections (UTis).

b. Neonatal pneumonia is usually the result of nosocomial infection
due to aspiration during the birth process. Sepsis may also occur,

. Neonatal meningitis is also caused by exposure during birth. Itisa
serious infection resulting in 40-80% mortality.

and p E Is based on the site,
severity, and of the i gani
a. UTI is usually treated with Bactrim (sulfa + TMP) or a fluoro-
quinolone,
b. Pneumania, meningitis, and sepsis are commonly treated with a
third- hal in such as cefs andlor an
" aminoglycoside.
€. Diarrheal syndrome Is usually treated with fluids and electrolytes

only. Bismuth subsalicylate inactivates and binds enterotoxins.

G. Salmonella. Salmonella are motile.

1.

Nontyphoidal Salmonella infections cause inflammatory diarrhea

‘with fever and variable septicemia.

a. Infection is acquired through the Ingestion of eggs. chicken, and

other contaminated food or water,

b. In contrast to Shigella, a large inoculum (> 1 million cells) is need-

ed to survive gastric acid and cause disease.

Disease is more severe in children under the age of ten.

. Known virulence factors include antiphagocytic capsules, outer
membrane protein adhesins, and LPS. LPS and outer membrane
proteins prevent complement-mediated killing during bacteremia,
Also, the organism can grow within macrophages.

Typhoidal Salmonella infections are caused by Salmonella typhi and

Salmonella paratyphi A, B, and C1. Typhoid or enteric fever is a pro-

gressive, subacute, febrile-wasting illness. It is commen in developing

countries, and the most severe manifestations occur in young chil-
dren.

a, is by i of a large i
food or water contaminated by human feces.

. The intestine shows local inflammation with mucosal ulcerations
and perforati The spread to the bl and
the reticuloendothelial system.

. LPS and other outer membrane proteins inhibit complement-
mediated killing. Vi antigen, the polysaccharide capsule, inhibits
phagocytosis and may to the of 5. typhi to
complement-mediated killing.

an

lum of bacteria in

o

n
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GRAM-NEGATIVE DRGANISMS

. d. Clinically, there are three phases of typheid fever, e
AR
(1) The first week is expressed as fever, lethargy, i and | CLINICAL CORRELATE
pain. ‘ Salmonedla causes osteomysiitss i siokle-

(2) The second week is when bacteremia occurs. Biliary and organ cell patients.
involvement arise along with a sustained fever with tempera-
ture/pulse dissociation (i.e., high fever, low pulse rate), abdom-
inal pain, rose spots, and diarrhea. This is when the Gi tract is
reinfected, |
(3) With the third week, exhaustion and fever improve unless
other arise. Complications of typhoid fever

include relapse (20%), severe bleeding, thrombaophlebitis, |

abscess f {in acute and
chronic colonization), and death (2-10%).

(3 While chi I is still a first-choice drug for
typhoid fever, the emergence of drug resistance has caused a shift
to third-g ation h ins (e.g., ceftri and

floxacin) in countries.

| (e.g., <i
H. Common opportunistic Enterobacteriaceas

1. Genus are ile, lact rods. The
colonies appear large and mucoid due to the presence of the large
capsule. The major path E causes severe

. lobar pneumonia in individuals with underlying conditions such as
alcohalism, diabetes, and chronic obstructive pulmonary disease. | Mwaemonic

2. Genus Proteus are highly motile organisms that cause urinary tract The A's of Klebsiella:

infections. Proteus species produce urease, which raises the urinary * Alcohabcs

: » Aspiration preumonia

pH to levels that promote the producl.nnn of struvite. These stones o bacesass b e i

obstruct urinary flow and serve as a hiding place for the organism. : i s i chare

Up to 10% of urinary tract infections are due to this arganism. | acterized by thick, bm';w sputum classi-
3. Other genera of Enterchacteriaceae that are normal flora, but that cally described as “currant felly” sputum.

tan cause opportunistic infections, include Citrobacter (pyelonephri- |

tis), it and Serratia ia and UTis).

GRAM-NEGATIVE BACILLI: ADDITIONAL ENTERIC
ORGANISMS

A Vibrio have a highly characteristic comma-shape morphology. They are |
naturally found in both fresh and salt water and in several cold-blooded
animals,

1. Vibrio chiolerae are the most clinically important members of this
group.

a. Pathogenicity is related to the presence of a pilus that mediates

adherence to the small intestine epithelium. It is a noninvasive
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Nore

Aerumunas and P!cﬁanamarem

#d with water sources and causes gas-

In A NuTsHELL

H. pylori and proteus bath produce
urease and create an alkaline environ-
ment.

infection with clinical effects mediated by the enterotoxin (choler- .

agen).

Transmission is via fecal-oral spread from contaminated water

and food.

. Clinical manifestations of cholera are severe, watery (“rice
water”) diarrhea (20 litersiday) with the loss of sodium, chioride,
potassium, and bicarbonate,

d. Treatment and prevention includes rapid rehydration and elec-

trolyte replacement. The antibiotic of choice is either tetracydine

=

or doxycycline.
2. Vibrio p us Iy bles V. asa
comma-shaped organism.

a. Clinical manifestations are primarily diarrhea, attributed to inges-
tion of raw or improperly handled seafood (especially shellfish).
The incubation period is 12-24 hours. Symptoms include explosive
watery diarrhea (may be bloody), headache, abdeminal cramps,
fever, and vomiting.

b. Treatment and prevention. Mild disease is usually self-limiting,
subsiding within 2-4 days with no treatment required. Organisms
are usually sensitive to chloramphenicol, tetracycline, and
cephalosporins. Adequate refrigeration of raw and cooked
seafood aids in prevention,

B. G flob and Heli ter. Campylob are small, curved Gram-
negative rods. The natural reservoirs are many domestic animals.
1. C jejuni is spread p 10 via the fecal-oral route.

a. It is a primary pathogen that causes enterocolitis, an invasive
enteritis with bloody diarrhea, crampy abdominal pains, malaise,
and fever.

Inflammatary proctitis is a clinical manifestation in homosexuals,
Reactive arthritis may follow in individuals who have HLA-B27.

It is gut flora of many domestic animals, including chickens, pigs,
sheep, goats, and cattle.

=

arn

e. The antibiotic treatment of chaice is either erythromycin or
ciprofioxacin,
2. C fetus is an opportunistic that causes b ia and

metastatic infections in immunocompromised patients.
3. Helicobacter pylori is a spiral-shaped, matile rod that produces urease.
a. Its reservoir in nature is unknown and is possibly in humans only.
H. pylori exhibits age-dependent colonization rates and familial
clustering. For example, it is present in the gastric mucosa of
fewer than 20% of people less than 30 years old but increases to
greater than 50% of people over 60 years old,
It lives in the gastric mucus in close proximity to the gastric
epithelial cells.

a

"
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d. C may be however, there is a high asso-
ciation with idiopathic chronic and acute antral gastritis, as well
as duodenal ulcer (30%).

e. Treatment consists of bismuth salts, metronidazole and tetracy-
cline, or amouxicillin.

C. Pseudomonas is a genus of Gram-negative rods that are widespread in
soil and water, They are also a minor component of the bowel flora.
Humans are very resistant to infection with Pseudonomas species. More
than ane host defense must be breached for infection to occur. The
major host defenses are intact body surfaces, normal bacterial flora,
complement lysis, and killing by polymorphonuclear leukocytes.

1. Pseudomonas aeruginosa is the most impertant member of the

genus. It is an important nosocomial infection in immunocompro-

mised and chronically il patients.

a, It possesses many virulence factors, and no single factor is decisive
for virulence. Virulence factors include:

(1) Pili-adhesin

(2) Slime layer capsule-antiphagocytic algi capsule; seen
mainly in cystic fibrosis patients

{3) Endotoxin

{4) Exotoxins A and § inhibit protein synthesis,

{5) Many enzymes (e.g., gelati I i o

elastase); elastase is an important virulence factor because it
allows the organism to invade blood vessels.
(6) R factors
b. Risk groups include immunocompromised patients and hospital-
ized patients with underlying disease. Groups at particular risk are
radiation treatment patients, burn patients, patients with metasta-
tic or metabolic disease, patients on prolonged immunosuppres-
sive or antimicrobial treatment, patients with prior instrumenta-
tion or manipulation, and patients with cystic fibrosis.
. Clinical manifestations
{1) Wound and burn infections
{2) Ecthyma gangrenosum—skin lesion with vascular invasion
leading to hemorrhage and necrosis,
(3) Ear inf otitis externa s ear, mild); in diabet-
les—malignant otitis externa
{4) Pulmonary infections—especially in cystic fibrosis patients and
the immunocompromised
(5} Corneal infections in contact wearers
(6} Urinary tract infections
d. Treatment will include antipseudomonal penicillin {e.g., ticari-
cillin, illin) and ide (e.g.. in)

KAPLAN MEDICAL
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IN A NUTSHELL

Pertussis toxin, cholera toxn, and the
heat-labile toxin of E. colf (LT) oll work by

£, cali heat-labile toxin activate the stim-
watory unit of G protein (G, ); perfussis
touin activates the inhibitory unit of G
protein (G,

RESPIRATORY PATHOGENS
A, Haemophilus
1. C t ilus are small pi phis bacilli.
a. Many species of Haemophilus are normal flora of the human
pharynx.
b. The major pathogen of the group is Haemophilus influenzae.
(= typing in ifus inff is based on the polysaccha-

ride capsules. Disease due to Haemophilus influenzae is caused
chiefly by serotype b. This capsule type prevents phagocytosis of
the organism.

2. Clinical manifestations. Diseases caused by Haemophilus influenzae
type b include meningitis, otitis media, and epiglottitis. Primarily chil-
dren under the age of 5 are affected.

a itis. Until the devel of a vaccine, Haemeophilus
influenzae type b was the most comman cause of bacterial menin-
gitis in the 3-month to &-year age group.

b. Acute epiglottitis occurs with rapid onset and can compromise the
alrway.

¢ Nontypable strains cause pneumonia and otitis media.
Haemophilus dbm-yi is the cause of the venereal disease chan-
croid, It is by painful, i d, ragged ulcers
confined to the genitalia and perianal areas.

3 d for hill i
includes cefotaxime or i for ingitis or epiglottitis, and
amaxicillin plus ¢ te for life-th ing ill

due to fi is enc { in greater than 30% of
isolates,

4. Prevention, A vaccine now exists for Haemophilus influenzae type b.

B. Bordetella

1. Characteristics. Bordetella are very small, Gram-negative fastidious
coccibacilli, They are strict aerobes,
a. B. pertussis causes whooping cough, and 8. parapertussis causes a
relatively mild disease, parapertussis.
b. B. pertussis contains many virulence factors.
(1) Attachment to the host is mediated by pili, also called fimbriae
or filamentous hemagglutinins.
{2) Toxins include pertussis toxin, adenylate cyclase toxin, tracheal
cytotoxin, and lipopolysaccharide.
¢, Clinical manifestations. Whooping cough is the dinical manifesta-
tion of B, pertussis infection. This disease is highly communicable
by the respiratory route, and humans are the only known reser-

KAPLAN MEDICAL



wvoir. Whooping cough develops in three stages following an incu-

bation period of 7-10 days.

(1) Catarrhal or prodromal state occurs as a mild upper respiratory
infection.

(2) Paroxysmal cough, followed by the characteristic whoop on
inspiration, then develops.

(3) Convalescence is characterized by a slow decline in the
“whoop.” This stage lasts for months.

d. and p ¥ is the drug of choice for
Bordetella pertussis infection. However, antibiotic treatment has
no effect on the course of disease if treatment is begun after the
catarrhal stage. The best protection is immunization. There are
two vaccines for pertussis, a killed-cell vaccine and an acellular
vaccine.

€. Legionella is a genus of Gram-negative bacteria that has over 40 species.

GRAM-NEGATIVE ORGANISMS

CLinicaL CORRELATE

The most imp: is Leg a Hhul
parasite that uses the complement receptor to infect macrophages and
then multiplies within the phagosome. It causes a wide spectrum of dis-
ease in humans.

1. Characteristics
a L hila ts widely distributed in aquatic environ-
ments.
b. It is an aerobic organism that requires iron and cysteine for
growth,

2. Transmission Is by aerosols.
a. The source for humans is often air-conditioning equipment, respi-
ratory devices, shower heads, or whirlpools.
b. It is not transmitted person-to-person.
. Risk factors include Immunocompromised status, alcohol abuse,
and cigarette smoki
. Clinical manifestations, Disease caused by Legionella pneumophila
wvaries greatly in its intensity. Infection can be asymptomatic.
a. Pontiac fever is a mild, febrile illness without pneumonia caused
by Legionella pneumaphila.
It causes a mild, atypical pneumonia that may progress to
Legionnaires' disease.
c. Legionnaires’ disease is a severe, often fatal, pneumonia.
4. Treatment. The drug of choice for Legionella pneumophila is ery-
thromyein,

=
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Wi have now reviewed all three ele-
ments of the DPT vaccine:

= Diphtheria

* Perfussis

= Tetanus

49



Bacteriology: Anaerobes 6
>

Obligate anaerobes are bacteria that require a reducing environ-
ment. They cannot survive in an envirenment that contains oxygen

because they are unable to detoxify the superoxide anion.

GENERAL CHARACTERISTICS

A. Morphalogy and physiology
. 1. This group includes G positive and G gative cocci, bacilli,
and coil-shaped spiroch that are often pl hi

2. What unites these diverse organisms is the inability to detoxify the
superoxide jon, The most essential enzyme in this process is superox-

In A NuTsHELL

ide dis which lyzes the ion of the superoxide ion _-
to hydrogen peroxide, The hydrogen peroxide can be further Omgammrmmkmm@s-
processed to water and oxygen through the action of catalase or per- mutase. Therefore, they cannat survive

oxidase. Almost all obligate anaerobes lack these enzymes and hence ikt s caimoy o
require a reducing environment.

3. The greatest natural defense against anaerobic infection is healthy
tissue that has a high oxidation-reduction potential and hence will
not support the growth of the anaerobes.

4, Obligate bes are normal inhabi of bic niches in the
oral cavity, the vagina, and the gut. They can cause opportunistic |
infections in tissues adjacent to thelr normal habitat when they are
displaced due to tissue injury or vascular compromise.

B, Pathology |
1. The primary pathology is frequently purulent abscess formation.

2. Culture of the abscess most often reveals a polymicrobial infection
with multiple facultative and anaerobic species.
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C( INICAL comsurs

Bacteroides are part of the normal gas-
trointestinal flora, They can cause disease
when there is a brealk in the surface of
the mucosa,

Nore

Frevotelia (Bacteroides) melaninogenicus
i suspected to be a primary factor in
adult chronic perodanititis

Norte

Fusobacteria are often found in diseased
pockets.

perodontal

52

C Tn Tr ludes surgical d plus { .
Penicillin G, clind, i and are usual-
ly the most effective antimicrobials. Cefaxitin is also effective against
maost anaerobes.

ANAEROBIC GRAM-NEGATIVE BACILLI

A. Bacteroides are the primary of the colon, g for 30%
of fecal isolates. Bactercides are the most frequent cause of anaerobic
infections, and Bacteroides fragilis is the most common clinical infectious
isalate.

15 ides fragilis is a G ti spore-forming, il
bacilli,
a. Itinhabits the intestinal and genital tracts.
b. It has four majer virulence factors.

(1) Unlike other group members, B. fragilis contains a polysaccha-
ride capsule that is antiphagocytic and chemotactic. Capsular
antigen alone can produce an abs(m

(2) Since it is a Gi gath des fragilis con-
tains endotoxin (although it Is much less toxic than the endo-
toxin produced by E. coli).

(3) It can produce a small amount of superexide dismutase, allow- .
ing it to survive oxygen exposures for long periods of time.

(4) Ba. ides fragilis ins [ that confer resis-
tance to penicillin.

. Clinical include intr. i includ-
ing abscesses and peritonitis. It is a primary cause of Gram-nega-
tive bacteremia,

d. consists of i with clind in ar chl
phenicol al ives. Surgical debri and drainage may be

¥ to i the
2 laninogenicus, formerly des melani

is a small coccobacilli that can be found primarily in the oral pharyro.

a. ©On blood agar, it forms black plgmented mlonlu.

b. The virul factors of i include an
armphaqocylk clpwle and collagenase.

c. F feus is an agent in oral and pul-
manary Infections.

B. Fusobacteria are pleomorphic, Gram-negative rods with tapered ends.
They normally inhabit the mouth, gastrointestinal tract, and female gen-
ital tract.

1. Fusobacteria do not have a capsule but do possess an extremely
potent endotoxin.
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2. Fusobacterium nucleatum ks the most common isolate. Itkmlmpor-
tant agent in oral i lung and other p
monary infections.

3. Fusobacterium necrophorum is often found in liver abscesses. It con-
tains both a leukocidin and a hemalysin.

4. Most isolates of Fusobacteria are susceptible to penicilling, cephalo-
sporing, and clindamycin.

ANAEROBIC GRAM-POSITIVE BACILLI

A

Spore-forming. Clostridium species were discussed previously in the

Gram-Positive Bacilli chapter.

Nonspore-forming

1. Proplonibacteria normally inhabit the skin. These organisms may
infect shunts and prosthetic devices and are a cause of acne.

2. Actinomyces—see next chapter.

ANAEROBIC COCCI

A

. Anaerobic Gram-positive coeel

1. Peptostreptococci are the only genus of anaerobic cocci that are
impartant in clinical infections.
8. They are almost always isolated from a mixed infection.
b. As a group, they are freq from oral,
respiratory, and female genital tract infections.
c. Peptostreptococci are sensitive to penicillin, cephalosporins, dlin-
damycin, and metronidazole.

bic G ive cocd. species are small bacteria
that resemble the Nemem species. Part of normal mouth, nasopharynx,
and vaginal flora, they are rarely a cause of infection. They may be con-
fused with Meisseria on Gram stain.

KAPLAN MEDICAL
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Bacteriology: Mycobacteria and Actinomycetes 7

The mycobacteria are acid-fast bacilli notable for the high-lipid con-
tent of their cell wall. They are responsible for tuberculosis
(Myobacterium tuberculosis), disseminated disease in AIDS patients
(M. avium-intraceliulare), and leprosy (M. leprae). Actinomycetes

are Gi posith ganisms with a ch istic branching fila-
ment growth pattern that resembles fungl. These organisms are
dant in sail. The Actinomy include two genera of clinical

Shi di

MYCOBACTERIA

a. Obligate aerobes and acid-fast bacilll (AFB). Once stained, M.
tuberculosis resist decolorization with an acidic alcohol rinse
(hence the name acid-fast, based on ability to retain the stain).
This property is dependent on the waxy lipid cell wall, which
includes mycolic acids.

. The cell wall contains lipoproteins or glycolipoproteins essential
for tuberculin activity and confers the ability to induce Type IV
hymmm lDTH. delayed type hypersensitivity).

. M is sl g, requiring 20-60 days before

growth can be visualized; I\s doubling time is 18 hours,

o

. Antigenicity

Purified-protein derivative (PPD) of the cell wall is the preferred anti-
genic material for skin testing.

KAPLAN MEDICAL
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chapter of the
review book.
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CLinicaL CORRELATE

The primary lung infection is usually
found subadjacent to the pleura in the
lower part of an upper labe or in the
upper part of a lower lobe of one lung
ing the greatest flow of afr.

. Pathogenicity

a. Cord factor is associated with virulence and the characteristic ser-
pentine grouping pattern llm 1: seen in \urul.ont strains. Cord fac-
‘tor inhibits poly L elicits granu-
loma fi ion, and attacks mitochondrial b

b. Sulfatides act synergistically with cord factor and protect the
microorganism from attack by the hydrolytic enzymes of the lyso-
some.

Epidemiology. M. tuberculosis is found only in humans. It is more

in lower soc ic groups. There has been a rapid,
recent rise in cases in the U.S., partially related to the AIDS epidemic
and to immigration patterns.

. Transmission

a. Oceurs primarily through droplet nuclei inhalation.

b. The most infectious person is one with untreated cavitary pul-
maonary tuberculosis who is actively expelling bacilli.

€. The risk of infection is much greater than the risk of disease (i.e.,
more people are infected than have clinical disease) because the
disease may be related to weakened immune responses.

b, F is on First, delayed-
type hypersensitivity (a T-cell immune response) occurs within 3-4
weeks after infection and with positive reaction.

ired cellular ity is i with i " of protec-

tion from reinfection.
a. Primary infection
(1) Exudative type occurs when the organism is inhaled and
spreads via alveolar macrophages, to the hilar lymph nodes.
Hematogenous dissemination may occur at this time; however,
signs of infection are minimal and immune-competent hosts
will limit the arganism to the v location.
(2 Pmducﬁnty‘pn is characterized by the tubercle forms (with or
ion) and d ds on the host's immune

response.

(3) The primary site of infection forms caleified lesions (referred to
as Ghon Delayed-type ity develops and
infection becomes qui in pul y as well as
sites {the PPD test is now positive). Immunocompromised or
debilitated patients may have progressive primary disease from
Iocal sites or more distant sites without the disease becoming

quiescent.
b. Is usually
In Ilmg lpm. due to the higher oxygen tension (PO3). Tubercle
oCcurs ly with necrosis, and fibro-

sis. Secondary infection results from either a breakdown of quies-

KAPLAN MEDICAL

e



10,

BACTERIOLOGY: MYCOBACTERIA AND ACTINOMYCETES

cent foci or from new infection, despite the acquisition of cellular
(T-cell) immunity.
Clinical features of

The clinical p may include
such as fatigue, weight loss,
anorexia, weakness, fever, and night sweats.

a. Pulmonary TB. Eighty-five percent of cases are pulmonary,
although infection may involve any organ of the body. Pulmonary
disease may present with cough, hemoptysis, and pneumonitis.

b. Miliary or disseminated masses develop anywhere, but some sites
are favored, signifying an advanced stage of the disease. These
favored sites include bone and joints (osteomyelitis), meninges
{meningitis), kidneys, peritoneum, and lymph nodes.

Diagnosis

a. Abnormal chest x-ray

b. Acid-fast bacteria (AFB) in sputum; culture of M. tuberculosis.

€. Skin testing
(1) PPD-5, the designated standard (purified-protein derivative), is

injected under the skin. Tuberculin tests should be read from
48-72 hours after intradermal injection.

{2) The interpretation is based on diameter of induration and
recorded in millimeters: 10 mm or greater in diameter of
induration is considered positive for M. tuberculosis infection
{but not necessarily active disease); 5-10 mm is considered as
doubtful significance.

Treatment. Treatment should be for 2 pericd of 6-9 months with a

combination of at least three antituberculous drugs. If the patient is

HIV-posith should be for a longer period

(9-12 months). The of drug-resistant strains, p ty

In large metropolitan areas, is a growing problem that can best be

controlled by sensitivity testing of the isolate from the patient. When
i is d d, additional drugs P

ciprofloxicin) may be added to the regimen.

Prevention

a. INH prophylaxis of household contacts of patients with newly
diagnosed active disease or treatment of recently converted
{within the past two years) PPD-pasitive individuals.

b. BCG immunization. This treatment is given only to PPD-negative
individuals in countries where incidence of tuberculosis is high. It
is used to establish cell-mediated i to TB, although it
must be remembered that individuals will become skin test-posi-
tive for PPD (thus its utility as a di ic tool).

KAPLAN MEDICAL
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Eighty percent of pulmonary T8 cases in
adults are due to reactivation of an
Infection acquired years or even decades
earfier.

Ciinicat CORRELATE

Emergence of mul
strains has prompted the Centers !ot
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B. Mycobacterium bovis

1. M. bovis is the etiologic agent of tuberculosis in cattle. It can also
cause human TB, usually through the ingestion of unpasteurized,
contaminated milk.

2. The most common clinical manifestations are lesions in the cervical
and mesenteric lymph nodes with possible dissemination to the
bones and Joints. Pulmonary TB is also possible through the inhala-
tion of infected droplets (for example, by dairy farmers).

3. M. bovis will result in a positive PPD skin test.

4, The BCG vaccine is derived from a live, attenuated M. bowis strain.

Nentuberculous mycobacteria (“atypical”). The nunlub!rtulcm mycobac-

teria i 20 species, i g M. kansasii, M. mar-
inum, M. mmhrwm M. fortuitum-chefonel, and most importantly, M.
Al flulare. They cause iosis. The agents of mycobac-

teriosis are not spread from human to human; they are emvironmental

agents.

1. General of non-T8 There is no known
primary animal host. The organisms wsually cccur as natural inhabi-
tants of the soil.

2. Clinical manifestations
a. Pulmonary disease is usually found in older white men with
chranic b hitis and h L gens include M. kansasii,
M. avi flulare, and M. fortui heloni complex.
b. Lymphadenitis is caused by M. scroful: and most

occurs in children.

. Cutaneous lesions are caused by M. marinum when this organism
contaminates an open wound; the disease is called "swimming
pool” granuloma.

d. Disseminated disease can arise from M. kansasii or from M.
avium-intracellulare, particularly in patients with acquired
immunodeficiency syndrome (AIDS).

3 Tn Many of the b ia are resistant to the usual anti-
tuberculosis drugs. Antibiotic regimens may require as many as six
drugs, including rifampin (which is quite effective against M. kansasif)
and clarithromycin (effective against M. avium-intracellulare com-
plex). Surgical resection is also recommended on occasion.

D. Mycobacterium leprae

1. Species characteristics
a. Cannot grow in vitro on any culture medium.
b. Organisms are acid fast and induce a delayed-type hypersensitivity
in patients.
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. 2. Leprosy (Hansen's disease)

a. Leprosy is endemic in Africa, South and Southeast Asia, and South
America, Small endemic areas are found in the U.S. (Hawaii, Texas,
California, Loulsiana, and Florida).

b. Transmission is through contact with organisms from nasal secre-
tions or ulcer exudates from infected individuals. Lesions classical-
ly involve the cocler regions of the body, including the skin of
nasopharynx, cartilage, eyes, testicles, and larynx. Incubation peri-
od for the infection to progress to clinical disease is 5-7 years.

¢ Disease forms
(1) Tuberculoid leprosy is indolent and nonprogressing, Clinical

findings show mature granuloma in the dermis, which akso
contains epithelioid cells, giant cells, and lymphocytes (pre-
dominantly Tppy cells).

(2L leprosy Is a progressive and Invasive disease.
Pathologic examination shows foamy histiocytes with an
absence of epitheliold and glant cells. Cell-mediated immunity
is suppressed (negative lepromin skin test) and T& (suppressor
cells) lymphocytes infiltrate the skin lesions. Numerous acid-
fast organisms are present in the lesions. Schwann cells are
infected, but less nerve damage occurs in comparison with
tuberculoid leprosy. Skin lesions are of an Invasive and nodular

[ ] nature.

d. Immunity to M. leprae is mediated primarily by CD&* T cells. The
disease is marked by a low infectivity rate and occurs more fre-
quently in indivi with ive cell i
Tre requires long-t (3-5 years) antibioti to
eradicate the organism. Tuberculoid leprosy responds to dapsone
plus rifampin. Lepromatous leprosy is treated with dapsone plus
rifampin and dlofazimine. Close contacts should also be treated,

ACTINOMYCETES

A {Acti are characterized by
their filamentous form.

A. Actinomyces. Several species from this genus can cause actinomycosis. CLiNicAL CORRELATE
The most important species are A. israelii and A. naeslundii.

1. Species characteristics mm !k:rw-::w mﬁ
a. A, israelii are anaerobic, nonacid fast, Gram-positive bacilli. toath with a sinus tract
b. They are part of the normal oral flora (not found in soil) and are
usually pathogenic only after oral trauma.
2. Clinical (termed
a. Cervicofacial actinomycosis causing lower jaw involvement fol-
lowing the development of dental caries (about 50% of actinomy-
. catic infections) or after dental work. Pyogenic abscesses may
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Nore

Comman extension of oral infections will

In A NUTSHELL

* Actinomyces are anaerobes; Nocardia
are not.

* Nocardia are partially acid-fast;
Actinomyces are not.

develop with swelling, 4 and eryth 5 les con-
sist of G positive mycelial by
and leukocytes. Osteomyelitis (bone infection) is a frequent
occurrence. Chronic, poorly healed oral cavity abscesses will
!pl!ad by direct extension. Fortunately, the incidence of oral
is is declining due to imp oral hyglene practices,

b. Thoracic actinomycosis Is caused by the extension from cervicofa-
cial infection in approximately 20% of cases.

€ Is due to of the
intestinal mucosa, such as a ruptured appendix or perforated
ulcer.

d. Pelvic actinomycosis arises in women with intrauterine devices.

g s made by of secretions or tissues for gran-
ules. Crushed “sulfur granules” contain Gram-positive, id-fast
rods.

4. consists of p or ampicillin for several weeks.

Infection may require surgical drainage since antibiotics achieve poor
penetration through abscesses.

B, Nocardia. N. asteroides is the most common Isclate found in soll and
aquatic environments.
1. C N dia are aerobic, Gram-positive, partially acid-
fast filamentous organisms.
2. Clinical manifestations (nocardiasis)

a. Half of patients have underlying disease. It is an opportunistic
infection in patients with hematologic malignancies. Seventy-five
percent of cases occur in males,

b. Infection begins as a chronic lobar pneumenia following inhala-
tion of the organism and may be subclinical.

€. The central nervous system is the most common site of metastatic
infection, occurring h logically. The kidneys and skin may
also become involved (in metastatic infection). Abscess formation
is the most common pathologic finding.

3. Treatment is usually with sulfonamides and may require surgical
drainage of abscesses,
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Bacteriology: Rickettsiae and Chlamydiae

» S —

ia and Chlamydia are obli i lar parasites.

Rickettsial diseases include Rocky Mountain spotted fever, typhus,
cat scratch disease, and @ fever. Chlamydia are responsible for ocu-
lar trachoma and are the number one cause of sexually transmitted
diseases in the United States.

RICKETTSIACEAE

@ - General characteristics and physiology

1. Rickettsiaceae are a family of small, pleomorphic Gram-negative coc-
cobacilli.

2. The Rickettsiaceae family comprises four genera: Rickettsia,
Bartonella, Coxiella, and Ehrlichia. The members of the family share
several unique characteristics.

a. all are d by ar ds, except .
{where direct contact is the mode of transmission); Coxiella bur-
netil is acquired by humans primarily through aerosol inhalation,
although it has an arthropod vector in its natural hosts.

. Most species are obligate of

cells (Rickettsia) or leukocytes (other genera).
€ Most cause zoonotic disease with humans as an accidental host.
Chi b is the ion; it is a human path
with no reservoirs.
d. All are susceptible to tetracyclines (e.g., doxycycline).
B. Rickettsial diseases

1. Rocky Mountain spotted fever (RMSF) is caused by R. rickettsii and
accounts for 95% of rickettsial diseases in the US.
a. Epidemiology. RMSF is found throughout the United States, par-
ticularly in the south-central and eastern portions of the country.

KAPLAN MEDICAL
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b. Transmission. The arthropod vectors of R. rickettsii are various .

species of ticks. The bite of the infected tick transmits the organ-
ism. The reservoirs for the agent include rodents, dogs, and ticks.

Epidemic typhus (louse-borne typhus) is caused by Rickettsia

prowazekil.

a. Transmission. The agent is transmitted by the human body louse.
Rickettsia prowazekii are found within the louse feces and enter
individuals via skin excoriations. The louse is the vector, but not a
reservoir, for Rickettsia prowazekii (humans are the primary reser-
wvoir).

b. Brill-Zinsser disease is the recurrent form of R prowazeki/ infec-
tion. R. prowazekii can remain dormant in lymph nodes.

. Endemic or murine typhus is caused by R typhi cycled by the rat and

its ectoparasites (through feces).

a. Transmission. The rat flea is the most common vector. It becomes
infected when it feeds on the reservoir—the rat—during the
acute part of the rat’s iliness. Organisms are passed in the flea
feces and can be scratched in at the site of the bite.

b Clinical manifestations are similar to but less severe than in epi-
demic typhus.

. Serub typhus is caused by R. . It occurs end in
Asia,
a, R is itted by mites g
Because there is transovarial passage of the organism, the mite is
a reservoir as well as the vector. Other reservoirs include rats, field
mice, and shrews. Humans are accidental hosts.
. Q fever is caused by Coxiella burnetii,

a. Transmission. Q fever does not have an arthropod vector in the
human disease cycle. It is spread mainly by inhaling infected dusts,
by handling infected hides or tissues, or by drinking milk contami-
nated with Coxiella burnetii. The organism is widely distributed in
nature. Reservolrs include ticks, small wild animals, sheep, cows,
and goats.

. Clinical features
(1) Q fever is characterized by vague symptoms such as fever and

chills, headache, malaise, and myalgia. It is unique among the
rickettsial diseases in that it does not cause a skin rash.
{2} Many cases are asymptomatic or present with a self-limited

febrile illness.
(3) The dassic presentation of the disease is as a pneumonia with
fever and no pul Atypical anda

rapidly progressive pneumania also occur,
() Chronic Q fever can manifest as myocarditis or hepatitis.
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BACTERIOLOGY: RICKETTSIAE AND CHLAMYDIAE

6. Human ehrlichiosis is caused by Ehrlichia chaffeensis. It has a tick vec-
tor. The clinical course can range from asymptomatic to fatal. The
classic presentation includes fever, headache, and myalgia. Important

y features are i and anemia.
Fewer than half of patients develop a rash.

7. Bartonella henselae causes cat scratch disease (a benign local lym-
phadenopathy that follows contact with cats) and bacillary
anglomatosis. The latter occurs in AIDS patients and is characterized
by proliferative vascular lesions in the dermis (resembles Kaposi's sar-
coma) and internal organs.

CHLAMYDIAE

A. General characteristics and physiology

1. € are obligate I infecting birds and
mammials.

2. They possess a Gram-negative envelope that contains a genus-specific
lipopalysaccharide but lacks muramic acid.

3. Their genome is very small, so they lack the capacity to carry out
many metabolic pathways, Including the production of ATP. This
makes them dependent upon their host for energy.

4. Three species of Chlamydia are pathogenic for humans: C. trachoma-
tis, C. psittact, and C. pneumoniae (TWAR).

5. The life cycle of Chlamydia contains hologically distinct infec-
tious and reproductive forms. The infectious form is known as the
elementary body (EB). It is incapable of The

lar form capable of binary fission Is called the reticulate body (RB).
This form is not infectious.

8. Chiomy B de Chinmudl " 5 by Fomnitesy
sexually, or perinatally. It only infects humans. Infected cells develop oval
vacuolar inclusions that contain glycogen and hence will stain with
iodine.

C Ch fia psittaci, Ch ia psittaci is itted by of the

organisms from infected birds and their droppings.

1. Risk factors. Anyone coming in contact with an infected bird s at
risk, but those who have close contact with birds such as veterinari-
ans, pet store employees, poultry farmers, or bird handlers are at an
increased risk,

. Clinical features. The disease has a 5-to-15-day incubation period.
Severity of the lliness ranges from asymptomatic disease to a fatal
systemic illness with severe pneumenia.

a. P include a cough and rales.

~
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Q fever is an outlier among the
Rickettsiaceae:

. ndhesnn{h;nananmwm
* It does pof cause & rash.

In A NUTSHELL

Organism ¥eclor Disease
R. rickettsli  Tick Rocky Mountain

R. prowazekil Louse  Epidemic fyphus

i
g
i
|

R. tsutsu- Mite Sorub typhus
gamushi

E.chaffeenls Tick  Efviichiosis

C bumetll  None O fever [n rashi)

B.henselae  None  Cat scratch fever
and bacillay
Angiomatoss

In A NUTSHELL
Birds + pheumonia — think C. psittaci
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b. CNS manifestations are characterized by severe frontal headaches. .
Toxic encephalitis may occur, leading to death.

D, C iae. Ch i ly TWAR) is a
human-only pathogen that is believed to be transmitted by inhalation,
This org: is a cause of i and a relatively mild
atypical fthough life-th ing have occurred.
E. Treatment. The drugs of choice for Chlamydia infections are
(doxyeyline), or erythromycins.
KAPLAN MEDICAL



Bacteriology: Spirochetes
r— -

The spirochetes are motile, helically colled organisms that divide by
transverse fission. Spirochetes contain an axial fibril, an outer
sheath, a protoplasmic cylinder (cell wall and membrane), and cyto-
plasm. There are three genera of spirochetes that can cause disease
in humans: Treponema (syphilis, yaws, pinta, bejel), Borrelia {Lyme

disease, fever), and Leptospira (lep This chapter
focuses primarily on the two most clinically relevant spirochetes:
Treponema pallidum, the etiologic agent of syphilis, and Borrelia
burgdarferi, the tick-borne cause of Lyme disease.

TREPONEMA

A. Treponema pallidum is the most important species of spirochetes. It has a
capsule-like outer coat and a tapered end. Organisms are highly motile
and constantly rotate about an axial filament. An important characteris-
tic is that T, pallidum does not grow on artificial media and therefore
cannot be cultured in the laboratory. T pallidum is the etiologic agent of
syphilis.

1. Transmission and epidemiclogy
a. Syphilis is primarily a sexually transmitted disease. It can also be
transmitted across the placenta and rarely, from blood transfusions.
b. Risk groups include individuals with multiple sex partners and
infants born to infected mothers.
2. Clinical manifestations
a. Primary syphilis arises within 2-10 weeks after exposure.
Organisms spread locally from the site of inoculation to the lymph
nodes and bloodstream. A chancre forms at the site of inocula-
tion. Initially, the chancre is a firm, painless reddish lesion with a
raised border. The center usually erodes into an ulcer that heals
. within 3-6 weeks without scarring. The chancre contains numer-
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CLINICAL CORRELATE

Syphilis infection at birth can cause
Hutchinson's incisors in offspring.

o

n

a

ous 5p may be In females owing
to poor vl;uallulion of the genitourinary tract. Lymph nodes may
be enlarged but it , disease progs to the
secondary stage.

. Secondary syphilis occurs 1-3 months after primary syphilis.

di i d disease and include
rash, fever, sore throat, headache, and generalized lym-
phadenopathy (especially in the eputmcnlear region). White
patches occur on mucous yl ). Cond;
lata occur In moist areas, including the anus, vagina, axilla, and
mouth. These lesions are highly infectious and are teaming with
treponema.

. Latent syphilis develops in 30-40% of infected individuals.

Mucocutaneous relapses are most common, with the lesions
remaining infectious. After two years, contagious lesions rarely
develop.

. Tertiary (late) syphilis arises in approximately 30% of untreated

cases of primary syphilis.
(1) Benign tertiary syphilis is marked by indolent granulomatous

lesions (; in the skin, tissue, liver, or
skeletal system, Spirochetes are rarely seen.
(2) Cardi syphilis Is d as aortitis and occurs

10-20 years after untreated primary disease, Medial necrosis
can occur with the destruction of elastic tissue. Saccular or
fusiform aneurysms may develop and rarely dissect.

(3) Neurosyphilis. Can occur more than 20 years after the initial
Infection. Dne or more CSF abnormalities may be apparent.
Other g are "Argyll-Rob pupils® and
tabes dorsalls. In the former condition, the pupil constricts on
accommaodation but falls to react to light. Tabes dorsalis is
observed as a wide-based gait with long *slapping™ motions
aof legs upon ambulation,

Congenital syphilis results from the transplacental transmission of

spirochetes to the developing fetus. It most commonly occurs if

the mother has primary or secondary disease. There is approxi-
mately 25% mortality if left untreated, with a high incidence of

bortions and stillbirths. Adeq of the
maother will prevent disease in the fetus. Early manifestations in
the b include h il Iy, h ytic anemia,
preumonia, skin lesions, and snuffles {obstruc!ed nasal breath-
ing). Late may include Hutch s triad (abnor-
mal teeth, interstitial keratitis, eighth-nerve deafness), saddienose
deformity, mulberry molars, and central nervous system and
developmental abnormalities.
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3, Serology diagnostics use two methods of analysis: antigen nonspecif-

ic and antigen specific. While darkfield microscopy can be used to
visualize organisms from lesions, these serologic tests are the most
common method of diagnosis.

a. tests use as the antigen and can be
performed as a complement fixation (CF) test or as a flocculation
test (called VDRL or RPR assays).

; ibody tests ibody, FTA)
are specific for treponemal antigens. The assay detects specific
antibodies and is used for the confirmation of positive nontre-
ponemal tests. Once positive, it remains positive for life and
therefore cannot be used to monitor therapeutic response.

4. Treatment and prevention

a. Penicillin is still the drug of choice because all treponemes are
highly sensitive organisms.
b. Spread can be minimized through use of safe sexual practices.

BORRELIA

A. General characteristics
1. Borrelia are transmitted by arthropods to humans.
2. Borrelia are coarse, Irregular coils that are very flexible and motile,
B. Lyme disease
1. Transmission and epidemiology. Lyme disease is caused by Borrelia

burgdorferi,

&, The organism resides in tick vectors (Ixodes) that have fed on
infected deer or mice reservoirs.

b, The highest incidence of disease is found during the spring and
summer when the nymph and adult stages of the tick require
blood meals.

¢ The disease was first described in Lyme, Connecticut, and is now
found throughout the U.5. and in Europe and Australia.

d. It is not uncommon for the patient to have no memory of a tick
bite.

2. Clinical manifestations

a. The hallmark initial finding is erythema chronicum migrans (a red
macule, progressing to annular erythema with central clearing—
“bull's-eye”) at the site of the tick bite. The rash occurs within the
first 10 days of infection and fades within 3-6 weeks. Infection,
however, is still active. Constitutional symptoms include fever,
headache, malaise, d hy, and mild
irritation. These early symptoms typically last for approximately
four weeks.

KAPLAN MEDICAL
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b. Untreated infection may lead to late neurologic and cardiac dis- .
ease.
(1) Neurclogic symptoms Include severe headaches, meningitis,
cranial nerve paisies, and painful peripheral neuropathies.
These symptoms resolve after several months.
{2) Cardiac include fl ing cardiac arrhy
| {resolving after several weeks), myocarditis, and pericarditis.
| ¢ Late-stage disease is marked by arthritis, occurring weeks to years

after disease onset.

‘ 3. Diagnosis of Lyme disease is made from the clinical picture and a his-
tory of tick bite or exp In with y identifi-
cation by serology.

4. Treatment consists of doxycycline for early disease; also amaonicillin,
cephalosporins, and erythromycin,
€ Relapsing fever is named for its Igenic shifts and

It is caused by B. recurrentis and is transmitted by the human body louse.

1. Clinical manifestations

a. The incubation period is il one week (3-10 days) and
is marked by the acute onset of high fever, severe headache,
myalgia, ph cough, and ingl y are
associated with spirochetes in the bloodstream.

b. The initial fever lasts 3-6 days and can be assoclated with hemor- .
rhage, rash, and neurologic manifestations.

. The initial fever is followed by an afebrile period of 4-10 days.

d. Subsequent fevers are less intense and last a shorter period of
time. Antigenic shifts occur during this time. The afebrile times
allow a new virulent variant 1o emerge and cause disease.

yein rapidly beads

2. with or ery
10 recovery.
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Bacteriology: Mycoplasma and Ureaplasma

[ Mycoplasmataceae are the smallest free-living organisms. They are
prokaryotic cells resembling Gram-negative bacteria, but they lack
the cell wall. The family ins the genera I and

The organisms are classified into one or the other gen-
era based on the ability to hydrolyze urea, The species of medical
imp in humans are ! I

| hominis, and Ureaplasma urealyticum. Disease in humans involves
the respiratory and urogenital tracts.

MYCOPLASMATACEAE

A. General characteristics and physiclogy

1. holaateall

P gl ang and pleamor-
phic. They lack cell walls and are therefore penicillin-resistant.

2. They are

ganisms that are mainly

3. These organisms are unique among the prokaryotes because they
require sterols for growth and because their cell membranes contain
cholesterol.

B. Mycoplasma pneumoniae

1. Epidemiology and Iycop iae is found
throughout the world. Transmission occurs via aerosol droplets.
Clinical illness is more likely in ages 5-20.

2. Pathogenesis. Once in the upper respiratory tract, Mycoplasma pneu-
maniae are found among the cilia of the epithelial cells.

. Clinical manifestations. M. pneumaniae is the most common cause of
jpreumonia in young adults (walking pneumanial.
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IN A NUTSHELL

of,

* Cold agglutining flght) used in

» Treatment: erythromycin, tetracyciine,
or fluoroquinclones

70

a. Frequent clinical manifestations of this atypical pneumonia
include nonproductive cough, low-grade fever, and an insidious
headache.

. Nonpurulent otitis media or bullous myringitis occur in about
20% of patients with mycoplasmal pneumonia. The presence of
these condith itantly with p itis in a teenager is
a strong i of M.

4. Diagnosis is primarily based on clinical findings and serolegy.

5. Treatment consists of macrolides (e.g., erythromycin or azithromycin),

tetracyclines, or fluoroquinolones. Since the family Mycoplasmataceae
lacks a cell wall, all members are resistant to the i-lactam antibiotics.

Mycoplasma hominis
1. Sexually transmitted agent
. A major source of infection in pestpartum women.

. Clinical ions include tal and postpartum fevers
and bacteremia, as well as pelvic inflammatory disease.

-3

W

B

. Treatment with tetracyclines; in contrast to other Mycoplasma, it is
resistant to macrolides.

. Ureaplasma urealyticum

. Sexually transmitted agent

. Unlike other Mycoplasma, it produces urea
." A minor cause of nongonococcal urethritis
. Treated with tetracycline or erythromyein

S
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Virology
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Viruses are the smallest agents of infection, ranging from 20-300
nm in diameter and consisting of either RNA or DNA surrounded by
a protective proteln shell (capsid). The protein shell may be sur-
rounded by an envelope containing lipid and protein. Virus multi-
plication occurs only within host cells, and is accomplished by the

separate sy and subseq of parts.
Some viruses have the unigue capacity to become latent and even
to integrate their genomes into the host cells. In this situation, the
integrated viral genome is replicated as part of the host genome
and is transmitted to each daughter cell without production of
infectious virus.

CLASSIFICATION AND IDENTIFICATION

Classification and identification of viruses is made on common characteristics
shared by viral families (such as the presence of single- or doubl

IN &4 NuTsHELL

viral nucleic acids, DNA or RNA).

hology is based on and

See Figure 111,

1. Terminology
a. Virion describes the complete infectious virus particle,

. P (nucleic acids, enve-
lope, etc.) common to the viruses and is a basis for viral dlassifications.

b. Capsid is the protein shell that encloses and protects the nucleic
acid genome (either RNA or DNA), The individual protein units
are called capsomeres. These structures protect the viral genome
from destruction in the extracellular environment. Capsids also
control the host range and cell tropism of the naked viruses
because they are the molecules that adsorb to the cell surface.

KAPLAN MEDICAL

Viruses:
* Smallest infectious agents

* Oniy one type of nucleic acid (DNA or
RNAJ

* No metabolic activity cutside of iving

cefls; obligate intracellular parasite
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. Nucleocapsid denotes the protein shell plus the nucleic acid. .
d. Peplomeres are the protein spikes found in the envelope of some
viruses.

2. Nucleocapsids have characteristic symmetry that s usually helical or
icosahedral (see Figure 11-1).

NUGLEIC ACID
et ]— NUCLEOGAPSID

ENVELOPE

GLYCOPROTEIN SPIKES

ENVELOPED HELICAL NUCLEQCAPSID

NUCLEIC ACID
cnr:m{
| CAPSOMERE

ICOSAHEDRAL NUCLEOGAPSID

Figure 11-1. Viral nucleocapsids. @

2. A helical nucleocapsid is marked by an extended nucleic acid cavi-
ty surrounded by helically arranged proteins with an outer lipid
envelope. Examples of viruses with helical structure include ortho-
and il and rhabdovi

b. h y is marked by d nucleic acids form-
ing a central portion of cuboidal nucleocapsid structure. The
L may be d or naked. of
icosahedral symmetry include parvovirus, adenovirus, herpesvirus,
and picornavirus.

‘ 3. pes are lipid ining structures vy some viral par-

ticles.
a. Envelopes are derived from nuclear or plasma cell membranes
| Ired during viral The viral | Is usually
acquired when the viral nucleocapsid buds through the hest's
membrane.
‘ b. Envelopes lack rigidity and appear heterogeneous by electron

micrescopy.
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c. Viral g are in the viral outer
envelope. Glycoproteins serve an important role in antigenic
structure and host immune responses. These viral attachment pro-
teins (VAP) mediate viral binding (see below) and entry into host
cells.

d. Lipids are the major component of the viral envelope. They are a
complex mixture of phospholipids, glycolipids, and neutral lipids
that are a part of the host cell membrane in which the virus multi-
plied.

4. Virus classification is based on nucleic acid composition such as the

presence of single-stranded or double-stranded DNA or RNA,
Positive-sense RNA (+RNA) serves directly as mRNA, while negative-
sense RMA (-RNA) must use an RNA polymerase to synthesize a com-
plementary positive strand to serve & mRANA.

5. Viral proteins are important in the initial contact with the host cell;

they dictate which cells will be infected. Viral proteins also determine

the antigenic structure of a virus and protect the genome against

host nucleases.

a. Hemagglutinins are viral proteins that agglutinate red blood cells.
The futinin of virus p attachment of the
virus to host cells. It can also function in the fusion of the virion
with the host cell membrane. They are excellent vaccine antigens.

b, Enzymes serve several biologic functions for the virus.

() acts to hydrolyze sialic acid. It helps release
virus particles from the cells in which they were formed to fur-
ther propagate infectivity.

(2) RNA polymerase is required for viral replication of negative-
sense RNA viruses. This enzyme must be brought into the cell

VIROLOGY

NOf!

mmmmgp:zowm of
HIV is used to monitor the course of HIV
infection. The level of the capsomere pro-
fein p24 & used to determine the virus
load i the biood.

uses

* Al DNA viruses have double-stranded
DNA grcept Panvowviruses (ssk
mpan‘ﬂawrm has s regions in the

L] .ﬂ.lrm»lwumhewammahedla'
Poxviruses

it nucieocapsid gxcept
.;apanofuuwnon._ ; 3 ¥ » Al viruses with helically symmetrical
(3) Reversa " in gle-strand: ids are RNA viruses

ed RNA into doubl ded DNA. DNA can then
be integrated into the host genome by an integrase enzyme.

Viruses are

thetic and boli inery for

on the host cell to pmvlde the syn-

1. The replication cyde of the virus may either lyse the hest cell or form

a stable Interaction that allows the host cell to survive, A stable inter-

action causes the viral genome to become incorporated into the host

cell. The virus may be latent (e.g., herpesvirus) or it may continue to

multiply without causing overt disease. The cycle of viral replication

has discrete stages:

a. Adsorption, or attachment, ks the first step. It is highly specific,
invalving the attraction and physical interaction of viral surface
proteins (capsomere or peplomere units) with a hest cell surface

KAPLAN MEDICAL
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| receptor. Adsorption is host-specific and tissue-spacific (e.g., .
| poliovirus attaches primarily to CNS and Gl tract cells).
b. Penetration and uncoating follows the adsorption step and is typ-
ically medi by receptar-specific The virus usually
loses its coat or envelope directly after penetration. Uncoating
separates the capsid {and envelope) from the nucleic acids.
c. The synthetic pariod begins when uncoating is complete. Its time
i course is variable depending upon the virus. Specific mRNA must
be transcribed from viral nucleic acid by host cell mechanisms.
\ Macromolecular synthesis begins with an eventual accumulation

of viral components (including empty capsids or nonenveloped
nucleocapsids). Minus-strand RNA viruses, double-stranded RNA
viruses, and DNA viruses initiate nucleic acid synthesis to produce
mRNA, whereas positive-sense RNA viruses can immediately initi-
ate protein synthesis. This stage is marked by an orderly sequence
of synthetic events {with some proteins synthesized early and oth-
ers later in the synthetic processes).

d. Production of viral proteins

| {1) In positive-sense RNA viruses like polio, the viral RNA (mRNA)

_— is read directly by the host cell ribosome, and enzymes for RNA

AN “% L synthesis are produced. Other proteins that are synthesized at

Posithe-sense RNA wiruses are mAMA this time will inhibit host biosynthetic processes, while still
and can directly encode all the profeins others will serve as capsid (structural) proteins. .
m ::r mﬁgﬂ’z’m viruses ; (2) In other viral groups, the viral genome { -RNA, double-strand-
or DNA-dependent RANA palymerases to ed ANA, or DNA) must first synthesize the messenger RNA mol-
produce mANA for viral replication. ecules. They do this by an RNA-dependent RNA polymerase

(transcriptase) that is contained in the virion and encoded by
the viral genome In the case of RNA viruses; or by transcription
of the viral DNA to synthesize the mRNAs necessary for pro-
tein synthesis. Some of the proteins will be structural units
(capsomeres, peplomeres) and others will be enzymes neces-
sary for progeny DNA synthesis (DNA polymerase).
e. Replication of viral genome (nudleic acid)
(1) Plus-stranded RNA viruses can immediately begin protein syn-
thesis without nucleic acid replication or transcription events.
‘ RNA synithesis will occur when sufficient amounts of RNA poly-

merase are formed (using the host cell machinery for synthe-
sis). A minus-strand copy is made from the parental strand
NoTte | RNA that serves as the template (replicative intermediate) for
—_—_—— the transcription of plus-strand progeny.
* All DNA viruses replicate entirely in the ‘ (2) Minus-strand and double-stranded RNA viruses must first syn-
5 L“‘:‘N‘: mb’m‘:ﬁ NG thesize mRNA for the eventual translation into viral proteins.
qu&ammpt!:mi Eﬂ Mm The minus-strand acts a5 & negative template for synthesis of
and retroviruses. mMANA. These viral genomes carry RNA-dependent RNA poly-
merase required to synthesize mRNA from the (~) strand.

| @

74 KAPLAN MEDICAL



(3) Double-stranded RNA viruses (RED and Rota) synthesize a posi-
tive strand of RNA from the negative strand of the parent.
This acts both as mRNA and as the replicative intermediate to
make the negative-sense RNA that will be assembled with a
complimentary positive strand to make the progeny genome.

(4) Retroviruses use the negative strand of the DNA intermediate
to make positive-sense progeny RNA.

(5} Doubl ded DNA viruses by the same process
employed by the host cell; each strand serves as the template
for synthesis of the complimentary DNA copy. Hepatitis B virus
contains a viral RNA dent DNA poly (a reverse
transcriptase) that uses the viral mANA as a template to syn-
thesize the missing portion of the viral genome, which ks then
duplicated by host cell DNA polymerase.

(6) Single-stranded DNA viruses (parvovirus) synthesize a double-
stranded intermediate to use as the replicative template for
the single-stranded DNA progeny.

f. Viral assembly occurs toward the end of the synthetic period.

Complete intracellular virus assembly begins. The viral

VirRoLoGY

and capsid ble, forming viral off-
spring.

g. Release of the complete nucleocapsid is the final stage of the
replication cycle.

(1) Enveloped viruses are released gradually by a budding process.
Nucleocapsids bud through virally altered membrane patches,
thus gaining viral specific glycoproteins,

Iv 4 NUTSHELL

Viral growth cycle:

= Attachment of virus to cell

* Penetration of cell

= Uncoating of viral genome

= Transcription of genome info mANA
« Translation into proteins

* Replication of viral genome
(2) Poxviruses and naked capsid viruses burst out rapidly from the = Assembly of particles into new vinses
cell, causing the cell to disintegrate. * Release of virus
DNA VIRUSES
A. Adenoviruses
1. Ch i i are medi ized, linear, double d =
od DNA viruses with a naked icosahedral nudleocapsid. ‘I‘My:omaln Muemonic
fibers that serve as viral attachment sites. There are 41 ad o o Wi o A AR i

ypes, with app one-third ing for the bulk of
human disease.

2. Transmission usually occurs person-to-person through respiratory and

ocular secretions (usually infecting mucous membranes or lymphoid
tissue). Humans are the only known host.

KAPLAN MEDICAL

(there are fewer) and know that all the
rest are ANA viruses. To help remember
the DNA viruses, think about how
HHAPPP you will be once you finish
studying. ﬂ!eroughparmrecaiwngmr
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a. T helper cells are CD4 positive. There are two distinct subsets of T
helper cells with different functions. One function is to

BAsIC IMMUNOLOGY

Nore

B o and diff iate into antibody-pr

ducing cells. A second function of CD4* T cells is to promote cyto-

toxic T-cell (CDB* cells) responses.

{1) Activation and proliferation of T helper cells depends on

h of specific peptides and MHC class Il

melecules on antigen-presenting cells such as macrophages or
dendritic cells.

(2) Activated T helper cells produce lymphokines, differentiation
factors, and inflammatory cytokines.

b. Cytotoxic T cells are also CDB positive. They lyse cells carrying spe-
cific antigens such as virus-infected cells and tumor cells. Cytotoxic
T cells act by recognizing foreign antigen and MHC class | mole-
cules with their T-cell receptor.

€. Suppression is a function of both CD8 and CD4 cells.

3. Natural killer (NK) cells represent 10-15% of lymphocytes in peripher-
al circulation.

a. NK cells kill certain tumaor cells {without damaging normal tissues)
and defend against viral infection. Unlike T cells, NK cells recog-
nize foreign antigen that does not have to be presented on MHC
molecules.

b. MK cells mediate antibody-dependent cellular toxicity (ADCC).
This function allows NK cells to kill opsonized, or antibody-coated,

target cells.
© NK cells are activated by cytokines such as i gamma,
LYMPHORETICULAR SYSTEM

The lymphoreticular synem (Figure 1-1) comprises the primary lymphoid
organs, in which is and lymphopolesis occurs, and ¥
lymphoid organs, in which immune mponses occur. Primary or “central”
lymphold organs in children and adults include the bone marrow and thy-
mus; in the fetus, the spleen and liver are alse primary organs.
Hematopalesis occurs in the bone marrow, producing mature erythrocytes,
platelets, monocytes, granulocytes and B cells, as well as precursors for T
cells, NK cells, dendritic cells, and mast cells. The T cells finish maturation in
the Wmlu. whereas the rest finish maturaum in the periphery. The major

ar hoid organs and tissues include the lymph
nodes, spleen, and the mucosa-associated lymphoid tissue system (MALTS).
MALTS includes the gut-associated lymphoid tissue (GALT), bronchus-associ-
ated lymphoid tissue (BALT), and submucosal lymphoid tissues of the geni-
tourinary tract. The purpose of secnndary lymphoid organs is to trap and
present antigen to circul In sti ing adaptive immune
responses. These secondary tlssunr- or organs protect all surfaces and fluids

KAPLAN MEDICAL

There are two subsets of helper T cells
Thi releases IL-2 and IFN-y, whereas Th2
releases other interleuking fe.g, 4, 5, 6,
10). Thi cells stimulate proliferation and
cytowic responses, wheneas Th2 cefls
stimulate B-cell maturation, differentia-

In A NUTSHELL

= T helper cells — CD4*
» Cytotoxic T calls — CO8*
Another T-cell subset is the cell responsi-

bie for the delayed-type hypersensitivity
(Tomy) cell, which has CD4 in its
membrané.

Nnrf
ADCCrruybemeckawbynxcen‘s

easinophils or neutrophits, all of which
have Fc receptors.
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ViroLoGY

1. ot istie pesvi are large, doubl DNA viruses
with an d pesvi are char-
by latent infections with of disease (increas-

ingly prevalent in immunocompromised patients). |

2. Herpes simplex virus, types 1 and 2 (HSV-1 and H5V-2), cause oral
and genital lesions by infecting epithelial cells. Upon the resolution
of acute iliness, latent infections are commonly found in neurons.

Humans are the only known host. Direct contact with the infected

lesion or are for i el T e

a. H5V-1 is typically acquired early in life. It is usually assoclated with NoTte
oral lesions (“fever blisters”) and with neurclogic disease, HSV-1 is m_ofrl‘ﬂ_&l’fd AT
the leading cause of sporadic encephalitis in the U.S. Note that diagnase primary ginghostomatitis in
H5V-1 can cause genital lesions as well. young patients, Painful oral lesions and

b. HSV-2 is acquired after the onset of sexual activity, It is associated Fver VR be cameant it 8y pRRet
with genital lesions and with disease. It is i gg:wam.mm.sw-m
through sexual contact.

. Primary may be asy or by vesic-
ular lesions with edema, leading to ulceration and crusting. The

lesions heal without scarring. Infection is characterized by primary
gingivostomatitis (HSV-1) or by primary herpes genitalis (HSV-2).
Neonatal herpes may be acquired in utero or during birth.

. Recurrent infection occurs at the site of primary infection, It
involves the activation of latent virus from neurons of cervical or
sacral ganglia. Stresses that lead to reactivation include hormonal
changes (menses), fever, sunlight, physical trauma, and immune
suppression,

e. Diagnosis is made by identification of the clinical lesions as well as
with viral isolation by tissue culture. The Tzanck smear will demon-
strate multinucleated giant cells on the stains of scraped lesions
(differential includes varicella-zoster virus). Immunofiuorescent
stain of the lesions will d viral
bodies. The Latter test is preferred.

. Antiviral treatment with acyclovir is instituted upen diagnesis in
serious infections.

-9

=

3, Varicella-zoster virus (VZV) is isolated from patients with chickenpox
and shingles. Shingles is reactivation of latent varicella infection. |
a. Chickenpox (varicella), caused by herpes zoster virus, is a mild self- |

limited illness in children expressed as fever followed by a macular

then papular eruption on skin and mucous membranes.
Chickenpox usually occurs in and is highly i |

The virus is spread by resp ¥ with approxi a
2-week incubation period. The papules are pruritic and become
vesicular on skin and mucous membranes (all stages of the lesions

KAPLAN MEDICAL 77
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CLiNicaL CORRELATE

Due fo severe splenomegaly. patients
with mononucieasis may underga splenic
rupture during physical exam.

m A Nurmm

Epstein-| mm
* Herpes virus

* Causes infectious mononucleosis

* Hairy oral leukoplakia in immunocom-
jpromised patients
* Associated with Burkift’s lymphoma
and nasopharyngeal carcinoma
mmanl‘ibodﬁ Monaspot fest

Atypical lymphocytes

78

are found simultaneously). Disease is more severe in adults, with
in p

Encephalitis is a rare but severe complication.

b. Shingles is a recurrent infection, usually in adults, that may be

d by trauma, ph drugs, or | i

Shingles occur from virus that remains latent in the senm gan-
glia of spinal or cranial nerves. Severe dermatomal pain occurs
with vesicular eruption, fever, and malaise. Pain and neuralgia
may precede dermal eruption b.l 1-3 days. The pain may persist
for months y in older patients.

<. Diagnosis is primarily made by serologic my and by the history
of exposure to the virus. Scrapings of lesions stained with fluores-

will reveal multinuc,

cein-labeled antivaricella
giant cells with viral intranuclear inclusions.
d. Treatment and prevention

(1) Varicella infections can be treated with acyclovir.

(2) Immunosuppressed patients can be treated prophylactically
with human varicella-zoster immunoglobulin (VZIG).

{3) An attenuated varicella vaccine was approved for use in the
U5, in 1995, Children should be vaccinated between 12 and 18
maonths of age because maternal antibody can interfere with
attenuated viral vaccine efficacy.

4. Epstein-Barr virus is the etiologic agent of infectious mononudecsis
{IM}. IM ks spread by saliva and respiratory secretions and is initiated
in the oropharynx. EBV replicates in epithelial cells prior to infecting
the B . EBV is i with Burkitt's lym-
phoma and it in parti Lati Itis
also the etiologic agent of hairy oral le:nphlelu in immunocompro-
mised hosts.

a. Clinical manifestations |ast 2 4 weeks and include fatigue,

malaise, tender itis, fever,
and sp gal patitis and ingitis are less frequent clini-
cal sy Atypical lymp with a foamy cytoplasm

(Downey cells) are noted on peripheral blood smear.

b. Nonspecific serologic responses to EBV lnfeﬂlon are due to the
viral infection of B i that arise
will agglutinate sheep and horse red l:lood cells {as measured by
the classic Paul-Bunnell test).

. Specific antibodies also arise to the viral capsid proteins. Igh class
antibodies indicates recent infection, while IgG antibodies persist

for more than one year.

d. Diagnosis. Ten percent or more of patients fall to make het-
erophile ibodies. In these individ is is made by
ELISA assay, isolation of virus, and/or nucleic acid hybridization
technalogy:

KAPLAN MEDICAL



e. Treatment is supportive. Acyclovir can be used in severely ill
patients.

5. Cytomegalovirus (CMV)

a. CMV infection of nonimmunecompromised (normal) humans elic-
its a mononucleosis illness that is clinically indistinguishable from
EBV-mononucleasis. The majority of human infections are subclin-
ical (with no overt symptoms) but may lead to life-long latent
Infection. CMV has a 4-8 week incubation period. Less common
clinical include ia, hepatitis, is, and
meningoencephalitis,

b. lliness in immunosuppressed patients (cancer, transplant [especial-
ly kidney], chemotherapy-induced, and AIDS patients) is often due

to the of acquired infectl in
the immunosuppressed is more severe and is marked by fever,
d P A galy, and Igi
| and inal

may also arise in immune compromised individuals. CMV retinitis
is seen in AIDS patients.

. Congenital disease arises when the fetus acquires CMV virus

causing lon disease. Infectl

can be acquired during any trimester. A severe fatal form of the

illness is by large i fear i bodies in

salivary glands, kidneys, brain, fiver, and lungs. Periventricular cal-

cifications are seen in the CNS; the infant will be deaf and have

ag| lesions (blueb: muffin baby).
d. Antiviral treatment is instituted in severe disease with ganciclovir.
Maononucleosis in normal patients is usually self-limiting without
antiviral treatment.

6. Human h rus-6 (HHV-6) is a lymphotrophic human

It is thought to be the eticlogic agent of pediatric “sixth disease,” or
roseola infection (exanthem subitum),

D. Poxviruses

1. Characteristics. Poxviruses are the largest of all the viruses. They are

linear double-stranded, DNA-enveloped viruses that replicate entirely
in the cytoplasm of infected cells. They appear ovoid or brick-like in
shape. The virion contains several enzymes for replication, including
both DNA and RNA pelymerases.

Variola virus (smallpox virus) is confined to humans and is spread by
direct person-to-person contact. Smallpox is now officially considered
after years of vaccination,

il i causes umbil like skin lesions and

satellite nodules on the periphery of the parent nodule. In children,

KAPLAN MEDICAL
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Note

Other erythemas are measies, rubella,

scarfet fever, roseola, and exanthem
subiturn (HHV-G).

Norte

Polioviruses are polycistronic, which
means that the RNA is read as large
polyprotein messages {1.e., no stop
codons fn the genome), The indhidual
proteins are produced by the action of a
wviral protease that “chops up” the
polyprotein product of translation. Smiar
replicative processes occur in HIV; the
newest AIDS drugs being used (oday are
protease inhibitors.

CLinicar CORRELATE

Poia vaccination schedule: curmently 1PV
is given at the first two visits to the pedi-
atrician (less than 4 months of age)
together with DFT, Hib, and Hep B, This
s followed by two doses of OPV. A
booster may be given when starting
school,

80

the lesions are more commonly found on the trunk, face, or limbs. The .
sexually transmitted virus will be expressed as genital lesions.
The disease is typically benign and self-limiting but may require up to
three years to resolve (particularly genital lesions). The lesions may be
ini P AIDS) patients,

4. Cowpox is an occupational disease transmitted to humans by contact
with infected cow udders. Infection is usually restricted to fingers and
hands and s self-limited. The disease is usually milder in vaccinated
individuals.

E. Hepadnaviruses are DNA viruses that include the hepatitis B virus (HBV),
which is discussed in the separate section below on hepatitis viruses.

F F i are small singh ded DNA viruses. ype B19 is the
only human pathogen in the family. It causes erythema infectiosum
(“fifth disease”) in children (characterized by slapped cheek rash), aplas-
tic crisks in individuals with chronic hemolytic diseases such as thalassemia
and sickle cell (the virus infects premature RBCs and kills them), and fetal
infections that may cause hydrops fetalis or stillbirth of fetuses that are
profoundly anemic.

RNA VIRUSES

A. Picornaviruses are small, positive, single-stranded RNA viruses with a
naked nucleocapsid. The RNA genome is positive sense (can serve as
mRNA), and replication of pi i occurs in the plasm of the
host cell. The picornaviruses can be divided into enteroviruses (poliovirus,
coxsackie A and B, echovirus, and enterovirus) and rhinoviruses.
Enteroviruses are acid-resistant and are able to survive in the Gi tract;
rhinoviruses are acid-sensitive.

1. Polioviruses bind to receptors in the gut and on neurons, Disease
occurs only in primates, with the majority of infections expressed as
subclinical disease,

a. Transmission. Poliovirus is excreted in the feces and transmission
occurs primarily by person-to-persen contact and via contaminat-
ed water sources.

b. i iovirus is ingested, in h |
and intestinal mucosa, and drains to the cervical and mesenteric
lymph nodes. Transient viremia ensues, and the virus then spreads
systemically. CNS involvement may lead to the destruction of
motor neurons in the spinal cord, resulting in flaccid paralysis.

. Pravention. Live attenuated virus vaccine {oral; OPV; Sabin) or the
killed virus vaccine (IPV; Salk vaccine) are used to induce immuni-
ty. Both vaccines induce serum antibodies; only the oral vaccine
induces gut immunity and sigA synthesis. .

KAPLAN MEDICAL



. Echoviruses (Enteric Cytopathic Human Orphan) consist of 32 serotypes
recognized by viral capsid antigen differences. All echoviruses infect
the gastrointestinal tract, although not all cause human disease,

a. and Ecl are acquired by
gestion or inhalation. The initial infection occurs in the throat,
followed by gastrointestinal tract infection. The incidence of clini-

cal disease is increased in the summer months.

b. Clinical Disease is as aseptic
fever, rash, enteritis, common colds, and/or acute hemorrhagic
junctivitis. Less include paralysis, plevrody-
nia, itis, iy ditis, and respit y illness.

. Coxsackieviruses are divided into A and B groups according to their
pathogenesis in suckling mice. Coxsackie A causes diffuse myositis of
skeletal muscle; Coxsackie B causes focal necrosis of skeletal muscle
and degeneration of brain and other tissues.
a ission and epidemiol idemics occur in the summer
and fall. Coxsackie is transmitted by nasopharyngeal secretions
and by the fecal-oral route. Coxsackie infection is usually an
asymptomatic or benign (liness with the following exceptions:
. Clinical manifestations
(1) Coxsackie A may cause herpangina, with headache, sore
throat, dysphasia, stiff neck, fever, anorexia, and abdominal
pain. Discrete vesicles are seen in the oropharyna. It is also the
etiologic agent of hand-foot-and-mouth disease.

{2) Coxsackie B may cause myocarditis, pericarditis, and pleurody-
nia.

(3) Both viral groups may cause meningitis in humans.

o

. Enterovirus 72 is the etiologic agent of hepatitis A. It is discussed in
the section on hepatitis viruses. Other enteroviruses are associated
with exanthema and aseptic meningitis.

are i mast fi y with the commen cold.

a and Rhinovi infect human hosts
only and are commonly isolated from the nose and throat. The
incubation period lasts 2-4 days, with clinical iliness lasting up to
a week. Over 100 serotypes have been identified, each conferring
type-specific immunity.

. Clinical manifestations include upper respiratory tract irritation,
headache, nasal discharge, cough, malaise, chills, and myalgia. Fever
is usually limited or it as s cervical

c and p ' is supportive. The large

number of serotypes makes a vaccine impractical.

o

KAPLAN MEDICAL
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include viruses A, B, and C. Orthomyxoviruses .

are modium-tiud negativesense, single-stranded, segmented RNA with

an enveloped nudeocapsid.

1. f viruses are | of eight separate segments
of RNA.

2. Classification into types A, B, and C is based on NP protein and M
protein antigens.

3. Antigenic variation is an important mechanism for the virus to evade
immune system destruction and is the reason for yearly change in
vaccine composition.

4. is by i occur with drifts,
whereas pandemics arise from antigenic shifts.

5. Clinical Infl type C causes sy of the
common cold with an incubation period of 1-4 days. The symptoms
of Influenza types A and B are more severe and include:

a. Fever, chills, myalgia, and lassitude, all occurring abruptly
b. Sotelhml. headache, nasal congestion, and dry cough

c A ion to viral or bacterial
fecti pecially hyl ). These usually
occur in the elderly and debilitated. .
d. Influenza B is one of the many viruses associated with Reye's syn-
drome.

6. Treatment and prevention
a. Treatment is effective only in type A infection and consists of
dine or ri dine, which d the duration of

symptoms.

b. Vaccines composed of inactivated virus are designed to elicit
immunity against the existing serotypes in the population,
Vaccines change from year to year based on the particular sero-
logic determinants of the virus,

are RNA viruses with an enveloped

leocapsid. i are genetically stable (no antigenic shifts

or drifts). Inl‘t;al Infmmn is via the respiratory tract. These viruses are the
most common cause of respiratory infections in children.

e viruses are and are spread by aerosolized
droplets. Parainfluenza is the etiologic agent of croup.
a. Adults usually have neutralizing antibody to all four major
serotypes. However, reinfection may occur despite the presence of
lizh ibody. Reinfections are typically mild compared
with the pnmaqr leecunn which usually occurs during the first 6
years of life.

KAPLAN MEDICAL



b. Clinical manifestations are usually associated with febrile illness
(viremia is uncommen). They include laryngo-tracheobronchitis
{eroup), or an obstruction due to swelling of larynx and trachea,
bronchiglitis and pneumonia.

c B symp i | air reduces sy
3. Measles virus is a highly gi hildhood infection
characterized by fever and maculopapular exlﬂﬂ‘loll\. Rubeola is
itted by respi i The virus multiplies in the
oropharynx then spreads to lymphoid tissue followed by further viral
hroughout the reti | | system. Infection leads

m permanent immunity because only one antigenic type exists.

. Clinical manifestations. Koplik spots, bluish-white specks on a red
base found on buccal mucosa, are pathognomenic for measles.
Other clinical symptoms include an abrupt onset of anorexia, nau-
sea, fever, malaise, coryza, conjunctivitis, and cough. A macu-
lopapular, erythematous rash, lasting about 5 days, originates on
the face and may spread to the torso.

. Complications of measles infection include encephalo-myelitis
(1 in 1,000 cases), p ia (in i defici ), oti-
tis media, and P (SSPE). S5PE
Is a fatal discase developing many years after acute infection.
Measles infections are also thought to precede the onset of
multiple sclerosis. These complications are thought to be due to
an autoimmune responte against nervous tissue that is induced
by the measles virus,

c. Treatment and prevention

{1} A live, attenuated vaccine is available as part of the measles-
mumps-rubella vaccine, which is administered at 15 months
and again at entry to school.

{2) Unvaccinated children exposed to measles can be treated with
pooled serum globulin because most donors have measles
antibedies in their serum.

o

4. Mumps virus causes an acute contagious, nonsuppurative parotitis

(either unilateral or bilateral). Less frequent clinical sequelae include

orchitis, Mcurrlng in 20-35% of postpubertal males, and aseptic
, 85 many as hird of cases are

Mumps is p by i with live virus as

part of the measles-mumps-rubella (MMR) vaccine.

5. Respiratory syncytial virus (RSV) is the primary cause of lower respi-
ratory tract infections in infants.
a occurs via
by fomites.
b. RSV replicates in the upper respiratory tract and persists in older
children and adults. In infants and young children, the virus

it can also be spread

KAPLAN MEDICAL
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Crinicat CORRELATE

Children suffering from croup often have
a characteristic “barking ™ cough.

Narte

Kopiik spots = measkes = paramyxovinus

Nore

MMR vaccine is given at 15 months to
avord interference with viral replication
by traces of maternal antibody.
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IN A NUTSHELL

Paramyxoviruses:
® Farainfluenza
* Measies
* Mumps
* RSV

spreads to the lower respiratory tract, causing bronchitis and
pneumonia.

€. The spectrum of disease ranges from commen cold-like symptoms
to severe lower respiratory illnesses (especially in infants).

P d immune fi tons will allow and prolonged
Infections with RSV,
d. includes supportive care and lized ribavirin in

more severe cases. Virus-specific immunoglobulin injections are
also being employed in the treatment of severe disease.

D. Togaviruses elicit diseases that range from febrile iliness to encephalitis

or severe bleeding disorders. Togaviruses contain positive, single-strand-
od RNA in an enveloped nudeocapsid with gly h
in the envelope.

1. Alphaviruses multiply in many arthropods (arthropod-borne) and ver-
tebrates. They are zoonotic agents spread to man by insect vectors.
Alphaviruses include encephalitis viruses.

a. Eastern equine encephalitis (EEE) virus causes a severe disease
with 50-70% mortality. The iliness is marked by the abrupt onset
of headache, fever, and nuchal rigidity, with nausea, vomiting,
and drowsiness. The individual may be left with neurologic
deficits.

b. Western equine encephalitis virus causes less severe disease and is
seen more in children.

2. Rubivirus or rubella (3-day measles) is the virus causing German
measles. It |s the only togavirus not transmitted by an arthropod vec-
tor.

a. Rubella consists of a single antigenic type that resembles measles.

However, rubella is an infection of shorter duration and the dis-
ease is much less severe. The virus infects the upper respiratory
tract and then spreads throughout the bedy via a viremia.
A morbilliform rash occurs 2-3 weeks postinfection.
. Congenital rubella. Rubella virus may be transmitted across the
placental barrier. This has serious consequences if it occurs in the
first trimester. If the fetus survives, neurologic and other congeni-
tal abnormalities are common, including mental retardation,
heart abnormalities, blind) motor and
encephalitis.

Live attenuated virus vaccination is effective for prevention of

infection (as part of MMR [measles-mumps-rubella]).

F -

a
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Flaviviruses are very similar to tog. and
Iphavi They are arth b viruses.

1. Yellow fever is a q b flavivirus infection with an incuba-
tion period of 3-6 days.

a. Two viral forms exist: urban (human reservoir) and jungle (mon-
key reservoir) types; both may result in severe disease affecting
liver and kidney (with icterus and hemorrhage).

b. Yellow fever is characterized by the acute onset of fever, jaundice,
proteinuria, vomiting (vomitus is characteristically black), and the
hemorrhage of internal organs with necrosis. Severe symptoms
may lead to hypovolemic shock and death.

c. A safe and effective attenuated vaccine (strain 17D) Is available.

2. Dengue fever is also a borne iliness by fever,
rash, gla, and lymphadenopathy. Only the more severe form
invalves ) i i i Several types are

gnized and clinical lications may result in death (10% fatali-

1y rate). Dengue fever occurs primarily in the tropics.
yavi are (=) singl ded RNA viruses with an
i are by arthropod vec-

tors (mosquitos) and humans are only accidentally infected hosts.

. California encephalitis viruses cause an abrupt fever and severe
bifrontal Other lae include CNS invoh requir-

ing prolonged convalescence but with low morbidity and mortality,

2. Hantavirus causes hemorragic fever and acute respiratory distress
syndrome with a high case fatality rate. They are natural pathogens
of rodents. Humans become infected by inhalation of infectious urine
or feces,

Rhabdoviruses include only one significant human pathogen, Rabies
wirus. Rabies is a bullet-shaped ped virus with single (5]
RNA. It has a with pi g glycoprotein spikes; the virus
replicates in host cell cytoplasm. The rabies virus is of a single immuno-
legic type eliciting neutralizing antibodies against the surface glycopro-
teins.

1, is dependent on the persi af the virus in a wild

animal reservolr (e.g., skunks, raccoons, bats, foxes), making this virus
practically impossible to eradicate.

2. Pathogenesis. The virus enters through breaks in the skin produced
from the bite of a rabid animal. The virus replicates in the muscle and
tissue with an incubation period of 2-16 weeks. The virus

maves through the axoplasm of peripheral nerves to the CNS, includ-
ing the basal ganglia. Rabies may also inhabit the salivary glands and

KAPLAN MEDICAL
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other tissues along its through the
nerve pathways. Negri bodies, the cytoplasmic viral inclusions in neu-
rons of the hippocampus, are pathognomic for the infection.

w

. Clinical manifestations. The clinical course is described in four dis-
crete phases: prodrome, sensory, excitement, and paralytic. Prodrome
symptoms Include paresthesia at wound site, irritability (including
fever and a change in mood or temperament), and a flu-like fliness.
Pharyngeal spasms may arise, g in drocling (| hobia)
Terminal disease involves seizures, coma, and, mtunlly. death.

'y

Diagnosis is confirmed by the recovery of virus from saliva, by serolo-
gy (direct i fl ), of by i il of Negri
bodies in neural tissue (especially Ammon’s horn).

5. Treatment and prevention
a. Vaccines consist of inactivated virus from Infected human diploid
cells. Pets and high-risk individuals should be vaccinated, as
should anyone with a history of being bitten by an animal that is
possibly rabid.
b. Human rabies immuneglobulin (HRIG) should be given immedi-
ately in cases of probable infection.

. Retroviruses are diploid (+) slnﬂt-ﬂrandud RNA, enveloped viruses asso-

ciated with tumars, and disease (AIDS).

1. Retroviruses contain two copies of single-stranded RNA, and viral-
encoded reverse [ doubl DNA from
the RNA.

]

. The viral genome encodes three groups of proteins: Pol protein
{reverse transcriptase and integrase), Env protein (type-specific enve-
lope proteins), and Gag protein (type-specific viral core proteins).

. This viral family includes human T-cell leukemia viruses (HTLV 1, 1)
and human immunodeficiency virus (HIV). HTLV viruses are catego-
rized as oncoviruses, whereas HIV is considered a lentivirus and is not
oncogenic.

w

4, Oncoviruses. These viruses encode oncogenes that promote cell
groewth. The most important oncogenic retrovirus is human T-lym-
photropic virus 1 (HTLV 1). This virus infects CD4* T cells (helper and
delayed-type hypersensitivity). Infection can progress to acute T-cell
lymphocytic leukemia (ATLL) (aka adult T-cell leukemia). HTLV Il caus-

es hairy cell leukemia.

5. HIV is the eticlogic agent of acquired immunodeficiency syndrome
(AIDS). AIDS was initially recognized as a clinical syndrome in 1981
followed by the isclation of HIV in 1983. HIV is a nononcogenic retro-
virus that infects millions of people worldwide. HIV infects helper T
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cells via attachment to cell surface proteins (termed CD4), resulting in
severe immunodeficiency. The virus also infects macrophages via an
interaction with CD4 and CCRS on the macrophage membrane.
Patients are prone to opportunistic infections, malignancies, and
wasting syndromes, Total CD4 T-cell counts are directly correlated
with the degree of disease and Opps infecti
typically occue when the CD4 count drops below 200.

HIV is asa 0 geni i irus).
HIV has a cylindrical, conical capsule that contains two positive, sin-
gl RNA with a glycoprotei lope. The gp120
glycopratein spike from this and is the ligand for

the CO4 molecule. Reverse transcriptase enzyme, critical to its replica-
tion, is inside the virion particle. The envelope proteins demonstrate
considerable variation from virion to virion. This property makes it
difficult for immune responses to dear the virus and complicates the

ViroLoGY

BRIDGE TO IMMUNOLOGY

HIVis discussed in detall in the HIV and
AIDS chapter of this book.

Note

development of a vaccine, Besides HIV, the lentivi i also
includes SIV (simian), FIV (feline), and BIV (bovine) immunodeficiency
viruses. Although this viral family shares common features (such as
genes for reverse tramscriptase), these viruses are infectious only in
their respective species.

HEPATITIS VIRUSES

Hepatitis viruses include both DNA (hepatitis B) and RNA (hepatitis A, C, D,

E, and

G) viruses.

A. Hepatitis A virus (HAV) is a picornavirus,

~

& W

Als fecal-orally after a 15-t0-40-
day incubation period. Hepatitis A is associated with epidemi
endemic spread of infection (usually occurring as familial or institu-
tional outbreaks). Most childhood infections are asymptomatic, but
adult disease can be severe.

. There are typically no extrahepatic manifestations, and there is no

chronie hepatitis or carrier state. Infection is not associated with
either cirrhosis or hepatic carcinoma. Fulminant hepatitis occurs only
in 1-4% of clinical infections.

. Diagnosis is made by the presence of anti-hepatitis A IgM.
. There is a killed virus vaccine against hepatitis A that is recormmended

for individuals traveling to endemic areas, food handlers, and day-
care workers. Pooled gamma globulin can be administered to travel-
ers if there is insufficient time for active immunization.

KAPLAN MEDICAL
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Nore

Hepatitis 8 vaccine is standard prevention
for all health care workers exposed to
biood and body fluids in their normal
work. Doses are usualy: initial, one
month and six manths el
m:«unb-\'\lﬂrm.nysasrmorrhe
vaccing ensuras no possibility of exposure
to other viruses from the vaccination.

Nore

Currently, there is no standard for the use
of Hep A ar Hep C vaccine in health care
wovkers.

2 " Downe Parkicle”
B. mmﬂasﬂm(mﬂlnnammlﬂmmmﬂmwnh
ingl It is classified as a

1. Characteristic viral antigens include:
3. Surface antigen (HBsAg) is found on the surface of the virien. Its
presence in serum indicates active viremia (infectivity).
< b. Core antigen (HBcAg) is found in the capsid.
¢ E antigen (HBeAg) is another epitope found in the capsomere
proteins,

2. Antibodies to HBV-specific antigens are diagnostic markers of disease
activity.

a. Antibodies to the surface antigen (HBsAg) are considered protective
antibodies and are detected after the disappearance of the virus.

b. Antibodies to HBcAg are not protective. They are detected just
after the appearance of HBsAg and are used to confirm infection
when HBsAg and anti-HBsAg are absent (window phase).

(5 to HBeAg are with a low risk of infectivity.

3. Transmission is parenteral or sexual. The majority of affected patients
recover from the illness.

4. dlinical manifestations include: anorexia, nausea, vomiting, headache,
fever, abdominal pain, dark urine, and sometimes jaundice.
a. Liver function tests will indicate elevated transaminases, hyper-

bilirubinemia, and elevated alkaline phosph

Pathalogy is observed as the accumulation of inflammatory cells

and pareﬂdwmal neaask in liver,

(4 include
and dermm.lﬂs.

d. Ten to fifteen percent continue to carry the virus and may devel-
op chronic persistent hepatitis or chronic active hepatitis with
subsequent fibrosis, cirrhosis, and hepatocellular carcinoma.

-

gia, arthritis, nephritis,

Prevention. Recombinant HBsAg vaccine is available and is recom-
mended for all individuals at risk {e.g., health care workers). It Is also
now part of the p for h Children
should receive three doses: one at birth (up to 2 months), one at 2-4
months, and a final dose at 6-18 months. Children born of hepatitis B
carriers should be injected at birth with hepatitis B-specific
immunoglobulins (HBIG).

€. Hepatitis C virus (HCV) is a positive-sense, single-stranded RNA virus clas-
sified as a itis iated with post. hepatitis, HOV
has been characterized as the etiologic agent for the majority (> 50%) of
non-A-non-B (NANB) hepatitis infections. Screening of blood for HOV has
significantly reduced the incidence of transfusion-related hepatitis. HOV
develops a chronic carrier in nearly 50% of patients and is associated with
cirrhosis and hepatocellular carcinoma.
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D. Hepatitis D (delta agent) is a defective RNA virus that can replicate only
in cells concurrently infected with hepatitis B. This virion requires the
presence of hepatitis B enzymes to replicate. It occurs in italy and in the
Near East.

. Hepatitis E is caused by a single-stranded RNA virus that is similar to
Norwalk agent (calicivirus). Clinically, it causes a disease similar to hepati-

m

VIROLOGY

Note

Not surprisingly, yet another hepatitis
wirus was recently identified (1996).
Hepatitis G (HGV) is an RNA virus associ-
ated with bath acute and chronic hepati-
tis. It has a giobal distribution and is

tis A, but it can become fulmi in preg: women (20% ity
It is spread via the fecal-oral route. It occurs primarily in the Far East.

KAPLAN MEDICAL

by transfusion, it appears to
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Mycology
>

Fungi are eukaryotic organisms that can be classified as either yeast
or molds based on their morphology and their mode of reproduc-
tion, The simplest way to review medically important fungi is to
divide them into groups based on their clinical presentation: cuta-
neous mycoses, subcutaneous mycoses, systemic mycoses, and
opportunistic mycoses.

INTRODUCTION

A. Morphology. Fungi are eukaryotes possessing a cell wall (composed of

glucose and mannose polymers called chitin) and a cell membrane (con-
taining ergosterol). Capsules are found only with Cryptococcus neofor-
mans. The fungi are divided Into yeasts or molds based on shape and
mode of reproduction.

1. Yeasts have round or oval morphology and reproduce by budding.

2. Miolds have tubular structures called hyphae. Molds grow by branch-
ing and longitudinal extension to form mycelial structures. Hyphae
can be either septate (divided into nucleated cells) or nonseptate
{coenocytic).

Dimorphic fungi grow in the host as a yeast-like form but grow as
maolds at room temperature in vitro.

W

. Reproduction can be sexual andlor asexual. Asexual spores form through

mitosis. This form of reproduction is referred to as an “imperfect” state.
Mast pathogenic fungi are found only in the imperfect state.

Immunity. The T-cell response is protective In fungal diseases; antibodies
are not, although they may have some role in serodiagnosis.

KAPLAN MEDICAL
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Nore

Candida foundm your dental patients
may indicate AIDS, other immunasup-
jpressian, recent antibiotic use, or other

Cumc.ﬂ. N'ars

Mmdbammmbempednﬁ
by gauze a5 a form of diagnosis.

92

OPPORTUNISTIC MYCOSES L

The opportunistic fungi are those that cause disease in immunocompro-
mised patients (AIDS, chemotherapy, transplants). Unlike the systemic
mycoses, these fungi are sometimes normal flora and are not limited to cer-
tain geographic regions.

A. Candida. Candidal infections may be cutaneous or systemic.

1. € albicans is the major pathogenic species.

Candida are normal inhabitants of mucocutaneous body surfaces,

soll, hospital environments, and some foods. C. albicans colonizes

normal skin, and most diseases are endogenous in origin, Occasional
person-to-person spread occurs (e.g., newbarn thrush),

. Invasive disease results from host alterations, leading to a change in
the | status of the org, Factors imp: in the inva-
siveness of Candida include predisposing illnesses (such as diabetes
rn!llll.usl. damaged mucosal surfaces {such as those caused by

L. P of the i status (as in
i ised individuals), and the use of steroids or antibi-
otics.

4. Clinical manifestations depend on the site of infection.

a. Oropharyngeal infection {includes thrush) is observed as discrete
or mﬂfluenl white pl!d!ll on the tongue and buccal mucosa.
Mi of scraping
Tuatmem. consists of nystatin suspension, oral ketoconazole, or
miycebex troches,

Vaginal infection is frequently seen in diabetes mellitus, antibiotic

and in preg: y. It s i with thick yellow-
white discharge and intense pruritus. Nystatin suppositories are
beneficial. Imidazole drugs (topical or oral) are also therapeutic.

<. Gastrointestinal colonization causes disease in malnourished or
immunecompromised persons or in persons undergoing pro-
longed intra-abd, | surgical Clinical p
may include diffuse ive and erosive gastritis,
or multiple superficial ulcerations of the small and large intestine.
Stool and throat cultures may not be diagnostic because of fre-
quent i by Candida. consists of nystatin,

and low-d photericin B,

. Invasive, disseminated infection occurs, particularly in patients
with leukemia, lymphoma, and AIDS. The Gl tract ks probably the
most commen portal of entry. Symptoms include fever, shock,
hypotension, and prostration. Renal infection occurs usually from
hematogenous spread and may result in renal failure.
Endecarditis occurs in drug abusers,

]

reveals

&

a
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e. Chronic p cuta-
neous disease that is refractory to treatment and can be disfigur-
ing.

5, is is made by d. ion of fungal in the

tissue or by culture and biochemical identification (e.g., urease posi-
tive).

[ Systemic includes k le or
amphatericin B is used less frequently. Flucytosine is also valuable in
systemic disease. C usually ds to topical
miconazole.

. C is is due to with Cr fi c
is an lated yeast that by budding. C.

nneoformans is found worldwide in avian feces (particularly pigeon drop-
pings), in soil, fruits, milk, and wood products. Immunosuppression due
to malignancy or AlDS predisposes to this disease.

1. Pulmonary disease is common since this is the primary portal of entry.

MycoLogy

Nore

Disease is usually transient and not severe if the patient is otherwi
healthy.
2. Disseminated disease arises most often in immunocompromised indi-

viduals.

a. Central nervous system includes ingitis or
lesions that occupy the cerebral white and gray matter space.

b. Treatment consists of amphotericin B alone or in combination
with 5-flucrocytosine.

Aspergillosis is a disease arising from several species of ubiquitous molds.
A. fumigatus is the most common species. Organisms are normal inhabi-
tants of the soll, and spores are readily disseminated in the air.

1. Allergic bronchopulmonary aspergillosis is marked by a hypersensi-
tivity reaction to the fungal antigens. Inhalation of conidia or
miycelial f may elicit an IgE- ity reac-
tion causing bronchospasm.

a. Clinical manifestations include episodic wheezing, fixed or tran-
sient pulmonary infiltrates, fever, and peripheral sosinophilia.

b. Treatment. No treatment is required If the disease is mild.
Corticosteroids, however, are helpful in reducing symptoms,

2. Aspergillomas (fungus balls) are the result of colonization of puIA
monary cavities (usually dary to is or
Patients may be asymptomatic, but hemoptysis occurs in the majority
of cases. Surgery is indicated for massive hemoptysis.

kA lmrnsln aspergillosis usually oceurs as an appnnunlstlc |nlu.1lun in
patients, with )

a. Pulmonary involvement is present in 90-95% of cases. Invasive

aspergiliosis presents as an unremitting fever and pulmonary infil-

KAPLAN MEDICAL
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= The patient is immunocompromised
* Meningeal signs
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IN A NUTSHELL

= MucoriRhizopus — nonseptate hyphae

a4

trate despite treatment with broad-spectrum antibiotics. .

is

b. y di ination to the brain, or Gl tract
. with Gl bleeding) occurs in about 25% of cases.
<. Diagnosis must demaonstrate tissue invasion, Septate hyphae will
be seen in biopsy specimens.
d. Treatment. Surgical removal of the aspergilloma may be neces-
sary. icin B Is the therapeuti 5 gh tra-
conazole may be a valuable alternative.

D. Zygomycosis (mucormycosis) is most often caused by organisms from the
genera Rhizopus and Mucor. These molds are ubiquitous on decaying
vegetable matter in soil. They have nonseptate hyphae.
1. predi o invasive is disease include those
with diabetic leukemia, and and
steroid use, and infants and children with malnutrition,
2. Clinical manifestations
a. Rhinocerebral disease is the most common presentation. It typi-
cally occurs in diabetics with k idh and is an infection of
the nasal mucosa, palate, sinuses, andior orbit, whereby progres-
sive neurologic deficits ensue as the organism invades to the base
of the brain.

b. Pulmonary disease is usually the consequence of inhalation of
spores in a patient with leukemia or lymphoma,

3. Treatment involves control of underlying disease such as diabetes, sur-
gical debridement, and amphotericin B.

E. Pn is carinii was origil thought to be a protozoa because of
its gic stages and itivity to antip drugs. However,
rANA homologies suggest that it is a fungus.

1. Clinical manifestations. In individuals with normal cell-mediated

i ity, infection is Ic. Defects in cell i imrnu-
nity, such as AIDS, cause trophozoites to invade the alveoli and cause
interstitial pneumonia.
2 for ia consists of i I
or pentamidine. Steroids are indicated for severe pneumonitis.
and i consists of hoprimsul

famethoxazole, with dapsone or pentamidine as a second choice.
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Basic Immunology
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The immune systern is an intricate collection of organs, tissues, cells,
and soluble factors that allow individuals to defend against harm-
ful agents such as viruses, bacteria, and tumor cells. The immune
system includes the primary or central lymphoid organs in which
the leukocytes develop, the dary or p
argans and tissues in which immune responses occur, and the leuko-
cytes circulating in the blood. The first two sections will review the
cells and organs that comprise the immune system, The third sec-
tion will present the basic characteristics of immune responses,
including antigens, antibodies and T-cell receptors, and mechanisms
of regulation, The fourth section will examine T-cell and B-cell activa-
tion, the cellular for cell (e.g., T cell}
and humoral (e.g., antibodi and the cytokines that
influence these processes. The fifth section will discuss complement

and inflammation, and the last section will examine important
immunclegical laboratory methods.

CELLS OF THE IMMUNE SYSTEM

Leukocytes include lymphocytes (B cells, T cells, and large granular lympho-
cytes or NK cells), lear phag: { ytes and t )
and

mast cells, and dendritic cells. All leukocy as well as and
platelets, initially differentiate in the adult bone marrow (described below),
and most ion there, T cells finish their matura-
tion in the thymus.

A. Monocytes and macrophages control infections that are not susceptible to
neutrophil attack. They are derived as follows: stem cell — monoblast —
P yte — cil ing yte — tissue
have a long life span compared with neutrophils.

KAPLAN MEDICAL
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Cells of the immune system mature in

the bone marrow (B cells and phagocytic

cells) or in the thymus (T cefts)
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| 1. Function of monocytes and macrophages. These cells play a central .

role in cell-mediated immunity. They ingest particles via pinocytosis

or phagocytosis and modul jon via secretion of media-

tors. They also act as cells that process and present antigens to T lym-

phocytes (antigen-presenting cells),

a. Macrophages secrete over 100 mediators, including interleukins 1,
s and 12, collagenase, elastase, lipase, proteases, prostaglandins,

and interferons. They also

secrete complement components.

Nore b. Macrophages have Fc receptors and class Il MHC molecules on the
N T cell surface that mediate their biologic functions. The Fc receptors
¢ W"’""?:‘; Mmmm allow the uptake of immune compleres (ig complexed to antigen)
with antibody and complement. The and class Il molecules present antigenic peptides to T cells.
C3b fragment of complement binds ¢ Circul diff into tissue with
to bacteria opsonized by antibody. specific names. For example, tissue macrophages present within
?gwmmw the sinusoids of the liver are called Kupffer cells. Macrophages
the organisms. | found in the lung are termed alveolar macrophages; in the brain,
* The Fc receptors on macrophages are | microglial cells.
;umm?mmﬁmm:‘m I (1) Kupffer cells encounter antigens first from intestinal lumen
region of IgG antibody molecules and | absorption and serve to clear particulate and soluble matter
hold the microbe ciose fo the phago- from portal cit They phagocy bacterial endh i
w“’“mbf"" thus facilitating soluble immune complexes, activated clotting factors, and

microorganisms. .
(2) Alveolar macrophages destroy inhaled antigens and microbes.
2. Morphology of macrophages
a. Epithelicid cells, usually found in granulomas, are derived from
blood monocytes and are activated by an immune response to

antigen.
b. Multinudeated giant cells are formed by the fusion of macrophages.
= x e e i

] by lymp

{mostly interferon gamma) to kill microorganisms and tumor cells.

a. Activated macrophages have increased lysosomal hydrolytic
enzymes and an increased chemotactic response. C5a and various

(5 i hils, and are

for acth h
b. Antigen coated with appropriate complement proteins (e.g., ©3b)
and antibody i more readily phagocytosed. This process is called
opsonization.

. Merphologic changes occur during activation and include increas-

esin ;Ize number of pseudopods, and pinccytotic vesicles.

d. g b a y burst during phagocytosis
via the hexose-monophosphate shunt pathway. This is a source of
energy needed for cell b and also
toxic oxygen metabolites such as singlet oxygen, superoxide
anion, and hydrogen peroxide. .

¥ from 1
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4. Macrophages present antigens to T lymphocytes. Antigen undergoes

phagocytosis or pinocytosis. Once in the cytoplasm of the
macrophage, the antigen is degraded into small peptides. The pep-
tides are then noncovalently bound to class Il MHC molecules in an
endosomal vesicle, and the complex is then transported to the cell
surface, where it stimulates class li-restricted antigen-specific helper T
cells (CD4).

B. Dendritic cells are present in peripheral blood and lymphoid crgans.
Their primary function s to digest and process antigen for presentation
to T cells. Dendritic cells include Langerhans® cells of skin, veiled cells in
afferent lymphatics, and interdigitating reticulum ceils in spleen and

lymph nodes.
U or paly ytes. There are three types of
| o inophils, and basaphil
: p y ytes, PMNs) rep 60% of
circulating blood leuk Clrculating have a receptor

for the Fc region of 1gG (Foyfl) and C3b,

a. hils have a multilobul nucleus with dense chromatin
and cy ¥ peroxidases and acid hydro-
lases.

b. They reach the tissues by inserting di
between the cells and dissolving the ¢ mem-

brane so that movement through blood vessel wall occurs.

c. Meutrophils are the first cells to arrive at acute inflammatory sites,
They actively kill bacteria; their half-fife is about 10 hours in the
blood and three days in tissues.

. Cytoplasmic granules contaln digestive enzymes. These include
azurophilic granules that contain myeloperoxidase and specific
granules that contain lactoferrin.

. Neutrophils phagocytize and then kill the organism by generation
of Hy0; and toxic oxygen radicals and via the action of granule-
derived enzymes.

-

. Eosinophils represent 1-3% of circulating leukocytes.

a. Approximately 50% of circulating have for

BASIC IMMUNOLOGY

In A NutsHELL
Macrophages process exogenous anir-
gens and present the epitopes ina
groove of the cass Il MHC molecules.
€04 T cedls bearing receptors specific for

cefis on MHC1, also present on
macrophages and their relatives.

In A NuTsHeLL

PMINS kill microbes via:

» Towic axygen metabolites

= Digestive enzymes present in lyso-
somal granufes

Cumcm. Conunr:

complement.

b. Eosinophils have a bilobed nucleus and contain crystalloid gran-
ules staining red with Giemsa, ;

¢. Eosinophll chematactic factors include histamine, Ga LTB,, PAF,
and ECF-A (eosinophil ¢ factor of

d. They are functionally important in late inflammatory reactions,
particularly in parasitic infections and allergy.

e. Some imp of hils and their functions
include:
(1) Histaminase degrades histamine.

KAPLAN MEDICAL
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* Alopic e

* Worm infestations

It can also be seen in collagen vascuwlar
diseases, neoplastic disorders, and any
skin rash.
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Nore

Eosinophil granule contents that help
controf allergic reactions include fistami-
nase and aryl sulfatase.

Note

T-cell-independent antigens induce ighd
antibody only and do not cause immung-

logic memovy (anamnesis). Much of this
anmsmmby(‘osscm
58

(2) Pyrogen produces fever, .

{3) Peroxidase kills microorganisms.
(4) Aryl sulfatase degrades leukotrienens Cy, Dy, and Eg.
(5) Major basic proteins are toxic to worms.

3 P 1% of drculating leukocytes and are the smallest
type nf granulocytes.
a. They contain abundam granules with RNA, mucopolysaccharides,
and such as hi

b. They have receptors for the Fc portion of IgE.

©. IgE binding promotes degranulation as it does in the tissue mast
cells. Histamine and other mediators are released during degranula-
tion and are responsible for the symptoms seen in atopic allergles.

D. Lymphocytes, whlth Indude B and T lymphocytes, represent 30% of dircu-

lating leukocy ytes have a high nucl ytopl ratio
and are dnstlngulihed by their antigen receptors and cell surface markers.
1. B lymph B lymphocy into plasma cells, which

secrete large amounts of immuneglobulin.

a, There are two major subsets of B lymphocytes (from mouse mod-
els). CDb 5-positive cells preduce IgM antibody to ssluble polysac-
charides and self antig They are sti i by pecifi
Ilymphokines from T-helper cells. CDb 5-negative cells produce
IgG, IgA of IgE antibody to protein antigens, cellular antigens,
and bacterial lipopolysaccharides. These cells require direct physi-
cal interaction with specific helper T cells.

b. Memory B cells, generated after the primary exposure to an anti-
gen, secrete antibody with increased affinity for its antigen.

€. Mature B cells have surface IgM and IgD that bind antigen, caus-

ing the B cell to become active and secrete immunoglobulins.

. B cells respond to m types af aﬂtlgms

(1) T-cell-ind. B cells to secrete
immuneglobulin in the :Imnm of CD4* helper T cells.

{2) T-cell-dependent antigens (most all protein antigens) negulate
B- and T-cell i before i is
The T cell then drives B cells to secrete antibody via direct con-
tact and by lymphokine secretion.

2. T lymphocytes. Two major types of T cells exist and are classified
based on the expression of the cell surface proteins CD4 or CDB.
Cellular differentiation (CD) proteins are present on many cells of the
body. They reflect the function of the cell and are thus “markers” for
particular cells. For example, CD3 Is found in the membrane of all
mature T cells, whereas CD4 and CD8 proteins are found on certain
subsets of these mature T cells.

a
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(3) Double-stranded RNA viruses (RED and Rota) synthesize a posi-
tive strand of RNA from the negative strand of the parent.
This acts both as mRNA and as the replicative intermediate to
make the negative-sense RNA that will be assembled with a
complimentary positive strand to make the progeny genome.

(4) Retroviruses use the negative strand of the DNA intermediate
to make positive-sense progeny RNA.

(5} Doubl ded DNA viruses by the same process
employed by the host cell; each strand serves as the template
for synthesis of the complimentary DNA copy. Hepatitis B virus
contains a viral RNA dent DNA poly (a reverse
transcriptase) that uses the viral mANA as a template to syn-
thesize the missing portion of the viral genome, which ks then
duplicated by host cell DNA polymerase.

(6) Single-stranded DNA viruses (parvovirus) synthesize a double-
stranded intermediate to use as the replicative template for
the single-stranded DNA progeny.

f. Viral assembly occurs toward the end of the synthetic period.

Complete intracellular virus assembly begins. The viral

VirRoLoGY

and capsid ble, forming viral off-
spring.

g. Release of the complete nucleocapsid is the final stage of the
replication cycle.

(1) Enveloped viruses are released gradually by a budding process.
Nucleocapsids bud through virally altered membrane patches,
thus gaining viral specific glycoproteins,

Iv 4 NUTSHELL

Viral growth cycle:

= Attachment of virus to cell

* Penetration of cell

= Uncoating of viral genome

= Transcription of genome info mANA
« Translation into proteins

* Replication of viral genome
(2) Poxviruses and naked capsid viruses burst out rapidly from the = Assembly of particles into new vinses
cell, causing the cell to disintegrate. * Release of virus
DNA VIRUSES
A. Adenoviruses
1. Ch i i are medi ized, linear, double d =
od DNA viruses with a naked icosahedral nudleocapsid. ‘I‘My:omaln Muemonic
fibers that serve as viral attachment sites. There are 41 ad o o Wi o A AR i

ypes, with app one-third ing for the bulk of
human disease.

2. Transmission usually occurs person-to-person through respiratory and

ocular secretions (usually infecting mucous membranes or lymphoid
tissue). Humans are the only known host.

KAPLAN MEDICAL

(there are fewer) and know that all the
rest are ANA viruses. To help remember
the DNA viruses, think about how
HHAPPP you will be once you finish
studying. ﬂ!eroughparmrecaiwngmr
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IN A NuTsHELL

Primary lymphoid organs:
= Bone marmow
s Thymus

Secondary lymphoid organs:

* lymph nodes

* Spieen

* Tonuls

= Mucosa-associated lymphoid tissue
(MALT)
- Gut-associated lymphoid fissue

(GALT)

- Bronchus-associated hmphold
tissue (BALT)

Norte

Bone mamow is the source of pluripotent
stem calls and the site of 8-cell matura-
tion.

of the body. The extracellular fluid, or lymph, is filtered through lymph .
nodes and the tissues of MALT while the primary filter for the blood is the

spleen and to some extent, the liver.

Lymph Nodes

amina Propria

Urogenital

Figure 1-1. The lymphareticular system.

Puyer's Palch (GALT)

A. Bone marrow structure and function. Bone marrow is a primary organ

because it is the site of h

is and B-cell

as well as

the site of origin of the stem cells involved in T-cell production. It can
also be considered a secondary organ because it is an important site for
plasma cells to secrete antibody into the blood. It contains activated T

cells as well.

1. Bone marrow structure. The bone marrow is a very large tissue com-
posing 3-5% of body mass in humans, It is found in the long bones of
the body, in the cranium, ribs, and iliac crest. There are two function-
al components of approximately equal size: the vascular and adipose
portion and the hematopoietic portion. The latter is involved in the
formation of blood cells, which are all derived from a single progeni-

tor stem cell.
2, cell

(Figure 1-2). All blood cells are

derived from pluripotent hematopoietic stem cells that differentiate
into myeloid and lymphoid progenitor cells.

KAPLAN MEDICAL
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COLONY.FORMING  ERYTIADBLAST
PRECLRSONS.

Figure 1-2. Hematopoietic cell differentiation.

a. Progenitor ceils are acted upon by appropriate stimuli in certain
anatomic sites, such as primary lympheid organs (thymus and
bane marrow) and secondary lympheid organs (lymph nodu:
Stimuli include colony factors, ery thy-
mosin, and antigen (both self and foreign).

b. After maturation in the thymus or bone marrow, lymphocytes
leave these sites and migrate to spleen, lymph nodes, and MALT
(secondary lymphoid organs) where further development occurs
under the influence of antigens and cytokines.

B. Thymus and fi F of thymic (T} lymphocy
travel from the bone marrow to the thymus, where early differentiation
and maturation take place, incdluding T-cell receptor expression and clon-
al deletion of ive T cells. T leave the thymus to
seed the dary | hoid organs in thymi, regions,
where they can be lcﬁvit!d and undergo their final maturation into
effector T cells that function in immune responses.

1. Development of the thymus. The thymus is derived from the third
and fourth pharyngeal pouches and is found in the mediastinum.

KAPLAN MEDICAL
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In A NuTsHELL

= Larger number of epithelial reticular
cells and mature large- and medium-
sized T cells

* Hassal'’s corpuscles

CLivicat CORRELATE

DiGearge’s syndrome is the absence or
atrophy of the thymus, resulting in
reduced level of B cells and severe
decrease in T cells. Afflicted indivicuals

the parathyroid glands with resultant
tetany. Early death from severe infection
offen occurs.

102

a. The development of the thymus begins with epithelial (endoder-
mal) outgrowths of the third and fcuﬁh pharyngeal pouches.

b. this epithelial reth is infil d by pre=T-cells
and other mesodermal elements.

¢ The thymus reaches its maximum weight at puberty and then
slowly involutes.

d. There isa amount of prog cell death (apopto-
sit) that occurs in the thymus. This is a reflection of the elimina-
tion of lymph during diff I in this
organ.

. Organization of the thymus. The stroma of the thymus consists of a

prominent connective tissue capsule, which invaginates into the

parenchyma as septa and divides the thymus into lobules. The

parenchyma is organized into a cortex and medulla,

2. The cortex is composed of tightly packed differentiating thymo-
cytes ded by a of reticular cells and
macrophages.

b, The medulla consists of epithelial reticular cells and mature
T cells. The medulla exhibits a paler staining than the cortex as a
result of the large reticular cells and the presence of larger lym-
phocytes, which are not as densely packed. The medulla alse con-
tains the characteristic Hassal's corpuscles, which are composed of
concentrically arranged dead and dying reticular cells,
macrophages, neutrophils, and nuclear material whose origin is
unknown.

. Blood supply. Arterles from the connective tissue capsule and septa

enter the thymus at the level of the corticomedullary junction, These

arteries branch to give off capillaries, which loop up to the periphery

and turn back to the medulla to form venules, which leave the septa.

a. Thymic capillaries have a nonp d with a thick
basement membrane.

b. Epithelial reticular cells surround thymic vessels and constitute an
Incomplete barrier, which separates the blood from the thymo-
€ytes. The thymic reticulum is of branchis ithelial
cells that are joined one to another by desmosomes.

. The thymus is large at birth in relation to other organs; it increases in

size until puberty, when invelution begins. Thymectomy in young
animals results in poor of the other tissues
and the absence of cell-mediated immunity. This can be reversed by a
thymic graft. Cnnpemul' absence of the tl!wnus (i.e., DiGeorge's syn-

drome) results in poor devel of id tissues
and the absence of cell-mediated immunity.

a family of lymphokines that stimulate thy
zones in the perip hoid tissues, is duced by thymic
epithelium,
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C. Lymphatics. More plasma is fiitered from capillary beds into the tissues
of the body than is reabsorbed back into the venous end of those capil-
lary beds. This excess fluid moves through the tissues or organs as inter-
stitial fluid, and is then d in small ly vessels
the tissues as lymph, These small lymphatics fuse into larger afferent
Ilymphatics that enter lymph nodes. The efferent lymphatic leaving one
node may become the afferent lymphatic entering another node in a
cluster. Eventually, most efferent lymphatics fuse into the large thoradic
duct that extends the length of the thorax and empties into the left sub-
clavian vein, returning the lymph fluid to the biood.

D. Lymph nodes are highly organized secondary organs that are the most
common site for an adaptive immune response because they filter the
lymph that washes through the body tissues. During an infection, lymph
nodes may increase two to five times in size, They are encapsulated, kid-
ney-shaped structures that have a concave side with a hilum. The blood
vessels and nerves enter and exit at the hilum, and the efferent lymphat-
ic exits from this region. Beneath the stromal capsule, the parenchyma is
organized into a cortex and medulla.

1. The stroma consists of a dense connective tissue capsule that surrounds
each lymph node and sends collagenous trabeculag into the node to
divide its parenchyma it incomplete compartments.

a. Reticular cells produce reticular fibers that anastomose with the
trabeculae and form an extensive network.

b. The delicate reticulum filters the lymph and suspends the lymphao-
cytes and macrophages.

€. This stromal ization and function facili cell-to-cell and
antigen-receptor interactions.
2. Cortex. Beneath the capsule (except at the hilum) lies a cortex, which
is composed of lymphatic nodules (B cells) in a diffuse lymphatic tis-
sue network (T cells) that intermingles with the subcapsular and peri-
becular sinuses

a. Lymphatic sinuses are the lymphatic passageways within lymph
nodes. They are lined with flat endothelial cells in the area of the
capsule and are partially lined by reticular cells, fibers, and
macrophages elsewhere. The sinuses receive lymph brought by
afferent vessels and transport it toward the medulla.

b. Germinal centers may be present in the nodules of the cortex. They
are composed mastly of B cells, some T cells, and macrophages and
are transient structures in which new antigens are localized and
processed. Antigen stimulation increases the number and develop-
ment of germinal centers. In germinal centers B cells develop into
plasma cells in response to specific antigens.

KAPLAN MEDICAL

Basic IMMUNOLOGY

CLinicat CORRELATE
Each node receives lymph from a defined
and limited region of the body.
Neoplasms can mefastasize va these
nodes. For example, 8 common mefasta-
tic site for breast cancer i the axiftary
nodes.
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CrinicaL CORRELATE

Patients with sickle-cell disease undergo

gradual splenic infarction. J'Mpmd\sms-

&5 them fo septicemia,
wwsmmmmu
Other opporfunists include Salmaonella,
Meningococe, and H. influenzae.

Note

in the splenic white pulp, & and T lym-
phodytes are segrogated—the central
portion of PALS are rich in T cels,

S

3. The medulla of the lymph node occupies the center of the organ. It .

contains cords d of lymphoid tissue that extend

from the cortex. Medullary sinuses, like those in the cortex, transmit

the lymph toward the hilum, where it exits through the efferent
lymphatic.

4. Function. Lymph nodes serve as filters clearing lymph of foreign parti-
cles before circulating to other areas of the body,

a. Lymph enters the node via afferent lymphatic vessels, which are
located on the convex side of the organ,

b. From the afferent lymphatics, lymph passes through the subcapsu-
lar sinus to the peritrabecular sinuses. It then enters the medullary
sinuses and exits the lymph node via the efferent lymphatic ves-
sels at the hilum.

. The spleen is a peripheral lymphoid organ in the upper left quadrant of

the abdominal cavity, which acts as a filter for blood, clears old and
defective erythrocytes (RBCs), and provides protection from blood-borne
pathagens.

1. The stroma of the spleen consists of the following;

a. A dense connective tissue capsule that contains smooth muscle
cells.

b. Trabeculae that branch off of the capsule and partially partition
the parenchyma of splenic pulp.

€. A delicate meshwork of reticular connective tissue that filters the
blood.

2. Splenic parenchyma consists of white and red pulp.

a. White pulp consists of lymphatic tissue arranged in sheaths
around arterioles (T cells) and in nodules (8 cells), Antigenic stimu-
lation increases the amount of white pulp.

{1) The periarteriolar lymphocyte sheaths (PALS) are accumula-
tions of diffuse lymphatic tissues that are rich in
T cells. The marginal zone is occupied mostly by B cells.

(2) B lymphocytes cluster peripherally in the PALS to form primary
follicles. After antigenic stimulation, these follicles develop
into secondary follicles with germinal centers containing
rapidly dividing B cells.

{3) At the marginal zone, dendritic cells trap and process antigen
and migrate to PALS to present it to antigen-specific cells of
the immune system.

b. Red pulp consists primarily of erythrocyte-filled sinusoids and
macrophages in a reticular fiber network; most filtration occurs
here.

{1} The sinuses vary in size and are separated by pulp (i.e.,
Billroth} cords.
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. (2) RBCs and platelets are exposed to macrophages in the pulp

cords; macrophages phagocytize worn-out or damaged cells.
(3) Splenic sinusoids are lined by quuly arranged endothelial
cells, which have These si ids are

1 by a poorly developed basal lamina.
{4) Phagocytosis is carried out primarily by macrophages located
outside the sinusoids. The phages extend finger-like pro-
Jjections into the nnumlds. which push through the discontinu-
ous the ial cells.
3. Blood supply. Arteries from the hilum of the spleen pass along tra-
beculae to enter the periarteriolar sheath.

a, These vessels branch like brush bristles to form penicillar arteries,
which continue in capillaries and open blindly in the red pulp con-
necting directly to venous sinusaids.

b. The venous sinusoids are specialized, large caliber spaces, which
are bord, by el d | cells and held in place by
circularly arranged reticular fibers. ‘

€ Venous sinusoids drain into veins that eventually exit at the hilum.

F. Gut-associated lymphoid tissue (GALT) is not encapsulated and is present
in the submucasa and lamina propria. It is the site of Immune responses
to injested microbes and some food antigens.

[€] 1. Structure. Lymphoid tissue in GALT includes the large follicular aggre-
gates in the small intestine called Peyer's patches, the lamina propria [
beneath the mucosal epithelia in the villi, and the intraepithelial lym-
phocytes (IELs) found mucosal epithelial cells along the sur-
face of the vill, |

2. Function

a. The lymphoid tissues lining the intestinal tract are well exempli- |
fied by the Peyer's patches, Structurally unique antigen-present-
ing cells called M cells are located in mucous membranes. They |
endocytose microbes and antigens and present specific epitopes
to T lymphocytes located between follicles in the lamina propria.
With T cell help, the B cells become activated and form germinal | T
centers where they differentiate into IgA-secreting plasma cells. _

b. The IgA dimers react with a polyimmunoglobulin receptor on Peyer's patches and other lymphoid ts-
intestinal epithelial cells, The dimer (held together by the J chain) r Cprdsbidiy iy gt
is internalized and crosses the epithelial cell cytosol. It is then pro- Lymphoid tissue is aimast totally atsent
teolytically cleaved from the poly-lg receptor and excreted into in patients with severe comibined immu-
nodeficiency.

remains attached to the dimer; this is called the secretory compo-
mt. The function of thk small pept[d: is to protect the antibody
from ks i | inal fluid.

the lumen of the intestine. A small portion of the Ig receptor ‘

G. Bronchus-associated lymphoid tissue (BALT) includes the lymphoid tissue ‘
. beneath the respiratory mucosa and the aggregates of nodular lymphat-
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Tonsillitis involves the formation of
abcesses in the crypts.

Ic tissue called tonsils, These are structurally similar to lymph nodes and .

contain deep crypts that allow antigen to be trapped, degraded, and

processed by antigen-presenting cells, such as macrophages and dendrit-

ic cells,

1. Organization of the tonsils. Tonsils are peripheral lymphoid organs
composed of aggregates of nodular and diffuse lymphatic tissues
that protect epithelial surfaces. The lymphoid tissues are located
beneath the epithelium in the underlying connective tissues.

a. Lymphatic nodules contain aggregrates of B lymphocytes, which
differentiate into plasma cells to produce antibodies for the
humoral immune response.

b. T cells are found primarily in diffuse ymphatic thssues,

2. Types of tonsils. Three important examples of tonsillar tissue are the
palatine tonsils, the lingual tonsils, and the pharyngeal tonsil.

a. Palatine tonsils are located bilaterally in the oropharynx.

(1) They are composed of dense lymphoid tissue, which forms a
band of lymphatic nodules with germinal centers. These are
intermingled with diffuse lymphatic tissue beneath the strati-
fied squamous epithelium.

(2) A dense connective tissue capsule often separates the tonsil

from subjacent tissues.
{2) Each tonsil has pithelial i i or crypts,
which contain d cells, lymph and

bacteria in their lumina.
Lingual tonsils are smaller and more numerous aggregates of lym-
phoid tissues located at the base of the tongue.
(1) They are covered by the stratified squamous epithelium on the
daorsum of the tongue.
(2) Each aggregate possesses a single crypt.
. The pharyngeal tonsil is an unpaired I of lymphoid
tissue located on the posterior wall of the nasopharynx.
(1) 1t is usually covered by a | ifi
with cilia and goblet cells; however, the epithelium can be
b d by an infil of lymphocytes or by
{seen in smokers). The pharyngeal tonsils, or hypertrophic pha-
ryngeal tonsils, are often referred to as adenoids.
(2) Instead of forming crypts, the overlying epithelium occurs in a
series of folds.

H. Lymphacyte recirculation
1. Lymphocytes are capable of high levels of recirculation, continuously
moving from the blood out into the tissues and then returning via
the lymphatics.
2. The lymphocytes bear in their membranes selectins that interact
specifically with addressins that are found in the lymphatic vascula-

=

n
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ture, particularly in the postcapillary venules. It is here that special-
ized cells with a plump cuboidal shape are found; these are called
high endothelial venules due to the height in the region caused by
the cuboidal cells.

As T cells home to lymph nodes, they make contact with epitopes
presented in the groove of class Il MHC molecules located on the sur-
face of antigen-presenting cells, This dynamic leads to T-cell help and
B-cell triggering.

w

. Once the triggering has occurred, the committed lymphocytes stay
trapped in peripheral lymphoid tissues where they differentiate 1o
mature effector cells in the case of T cells, and plasma cells in the case
of B cells.

. Different populations of lymphocytes express different homing
receptars; some B cells express an integrin that reacts with vas-
cular addressins in MALT, whereas T cells express a selectin for

in p heid tissues (hence T cells predomi-
nate in lymph "Dd!! and 8 (e“s in Peyer's patches).

THE IMMUNE RESPONSE

Immune cells and the they g can be ized into
innate (natural) and acquired. The innate responses are necessary for imme-
diate reponse to a patt and for ishing & focal i ion to
recruit circulating phagocytes and, later, activated T cells and B cells. The T
and B lymphocytes make the acquired mponse and are responsible for
many of the classic stics of including memory, antigen
specificity, and tolerance to self. The characteristics of antigen presentation
and recognition by T cells and B cells will be discussed below.

A. Natural versus acquired immunity. The immune system is composed of
cells that defend against foreign invaders by both nonspecific mecha-
nisms {termed natural or innate immunity) and antigen-specific mecha-
nisms (known as acquired i ity). The ifi P Is typical-
ly observed first since no prior exposure to antigen is necessary, This
response may not be sufficient to clear the foreign antigen, and an anti-
gen-specific mechanism produced by B and T cells may be required.

1. Natural immunity (also known as innate immunity) is present at birth
in all individuals. This response does not increase upon repeated
exposure to a given antigen.

a. The first line of defense is intact skin and mucous membranes.

b. Natural i ity allows elimination of foreign without
previous exposure,

€. This immunity i effected by either natural antibodies or natulal
oy ic cells, including phil phil

and natural killer cells.

KAPLAN MEDICAL
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Nore

Lymphacyte homing & controfled by
selecting in the lymphocyte membrane

that react specifically with addressins
found in the lymphatic vasculature.

In A NUTSHELL

tears, phagocytic cells, and NK cells

Acquired immunity:

* Developed in response to 7
exposure

* Comprised of antibodies (lgG, IgA,
etc.) and sensitized kmphocytes
(B.and T cells)
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No TE

m Wmus-independent antigens do not
prodiuction.

Induce memary cell

2. Acquired immunity is established late in fetal life, and its develop- .
ment i during childhood. Continued to foreign
antigen will stimulate acquired immunity.

a. are specific to individual antigens because of antigen
specific recognition by surface antibody on B cells and by T-cell
receptors (TCRs) on T cells.

b. idual lymph their iate antigens (dis-
cussed below) and are activated to proliferate into a clone of
effector cells and memory cells with the same antigen specificity
{clonal expansion).

. May have P in which response to
previously recognized antigen is more avid and often magnified
(this is a result of the production of memory T and B cells).

d. Antigen is eliminated due to specific antigen recognition and

effector functions (discussed below).

n

3. Self-tolerance describes the absence of immune responses to one's

own tissue antigens. It is o prevent
hani of self include the fi

a. Clonal deletion, the elimination of clones of developing
T cells with receptors against self-antigens, occurs during cell mat-
uration in the thymus.

b. Suppression of peripheral T and B bearing
for self-antigens is maintained by the lack of costimulatory siqruls .
when naive cells encounter antigen.

B. Antigens and antibodies. An antigen is any substance that can be specifi-
cally bound by an antibody or T-cell receptor, whereas an immunogen is
that which induces an immune response, Because antibodies and TCRs
recognize different types of antigens and antibody production requires
helper T-cell activation and assistance, immunogens typically possess
both antibody and T-cell reactive regions.

1. An epitope or antigenic determinant ks a specific site on the antigen
that s recognized by the immune system, i.e., the part of the antigen
to which an antibody binds.

a. Maost antigens express many epitopes.
b. B-cell epitopes usually occur at the hydrophilic surface, whereas
T-cell epitopes may be embedded within the protein.

2. Antibodies are able to bind to epitopes on a wide variety of mole-
cules, including proteins, carbohydrates, nucleic acids, and small
organic molecules, T-cell receptors (TCRs) are only able to recognize
peptides bound to major histocompatiblity (MHC) proteins on the
surface of a cell (discussed below).

KAPLAN MEDICAL



3. Many macromolecules can be anngenk

a. Proteins (glycop! ins, or nucleop ins) are the
most common form of amlgen and are usually very good
immunogens.

{1) Their antigenicity is based on amino acid compesition, three-
dimensional conformation, and/or biochemical properties
(such as charge, etc.).

(2) Peptides derived from processed proteins and bound to cell-
surface MHC proteins are the only type of antigen that T-cell
receptorns can recognize.

b. Large, repetitive polysaccharides can activate B cells with little

or no helper T aid (but cannot be recognized alone hy TCRs)

and are dered T-cell-i

Nucleic acids can be recognized by antibodies but are puur

immunegens because they cannot act as T-cell antigens unless

they are bound to a specific protein carrier.

d. Lipids are usually not immunogenic. When lipids are coupled to pro-
tein antigens, they tend to induce T-cell mediated delayed hypersen-
stivity rather than antibody production.

&. Haptens are small molecules that can act as an antibody epitope
but will not induce immune responses because they are not recog-
nized as T-cell antigens. When combined with a carrier protein,
the hapten-carrier complex can produce hapten-specific and carri-
er-specific antibodies since the helper T cell can recognize carrier
peptides. Many allergens (e.g., penicillin) are haptens.

)

€. Major histocompatibility complex (MHC). The MHC is a collection of
highly palymorphic genes encoding the proteins that regulate immune
responses, These genes Include, most notably, the class | and class Il cell
surface proteins and the class Il genes that encode pro-

BasiC IMMUNOLOGY

NoTe

Carrier effect:

Poory iMMUNCGentc or NoMTMLUNG-
genic malecules acquire immunogenicity
when they are chemically ¥nked to pro-
teins that serve as carmers and impart the
diversity and T-cell reactivity needed.

teins, In humans, the MHC genes are termed HLA (human leukocyte ant-
gens) and are found on the short arm of chromosome 6. The HLA pro-
teins are glycoproteins present on cell surfaces that enable T cells to rec-
ognize and bind antigenic peptides, i.e., they function in immune recog-
nition.
1. HLA class | antigen. Class | proteins are membrane glycoproteins on
the surface of all nucleated cells and platelets. They bind peptides
from protein synthesized in the cell’s cytosol and are neces-
sary for antigen recognition by CDB* cytotexic T lymphocytes (CTLs).
in humans, the three types of class | genes are referred to as HLA-A,
HLA-B, and HLA-C antigens. Cytotoxic T cells recognize viral, intracel-
lular bacterial, parasitic, or tumor antigens in association with class |
malbecules. CD8 on the surface of these cells recognizes a nonpoly-
marphic region of the class | MHC molecule.

KAPLAN MEDICAL
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C!ml'mfc‘:

* Al nucleated cefls

» Human class | genes = HLA-A,
HLA-B, and HLA-C

= Cytotowic Tcells (CD8) recognize class |
MHC on infected cells (viruses, intra-
cellular bacteria, pavasites, tumor
antigens)

Class Il MHC:

= Limited to celfs that interact with
helper T cells = antigen-presenting
«cels (B cells, manocytes,
macrophages, Langerhans cetls, den-
ditic cefls, thymic epithelium)

= Human class ¥ genes = HLA-DR,
HLA-DQ, and HLA-DP
= Helper T cells (CD4) bind to class I
MHC on antigen-presenting cells
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MHC class i proteins have nathing o do
wr!hmsp\ant«mramuwﬂuﬂ
They are proteins involved in innate
TN,

10

2. HLA class Il antigan. HLAMIlpMnk\samexpfmdoﬂam

restricted set of cells, including antigy ing cells

cells, L rhans cells, activated phages), B cells, and thymic
epithelial cells involved in T-cell mﬂurﬂlun These proteins bind pep-
tide epitopes d from end and are neces-

sary for antigen recognition by T helper cells (Th) and T cells that
mediate delayed-type hypersensitivity (Thgy). Class Il genes encode
for cell surface glycop ins with two P

called o and fi. In humans, the class Il genes include HLA DR, DQ, and
DP. CD4 cells recognize viral, bacterial, parasite, or injected proteins
in association with class Il

. HLA ciass Wl antigen. Class il genes encode for complement compo-
nents or of serum levels. C2 and
factor B are encoded by class Il MHC genes.

. HLA disease associations. Many diseases are associated with
increased frequency of certain HLA antigens. Ankylosing spandylitis is
typically associated with HLA-B27; other diseases are also associated
with specific HLA antigens: rheumatoid arthritis (DR4), Sjégren's syn-
drome (DR3), and insulin-dependent diabetes mellitus (DR3 and DR4).
a. Most of the HLA-assoclated diseases are of unknown etiology and

have associated immunclogic abnormalities.
b. Tisue typing for organ transplantation invelves matching the HLA
class | and class || antigens.

w

»

D. Antibodies. Antibodies act as antigen-specific receptors on B cells, and

when secreted by plasma cells, mediate humoral responses. Antibodies
compose approximately 20% of plasma proteins. They are produced by B
cells in response to the introduction of foreign substances (i.e., antigens)
imo the body. Antibodies are bifunctional: they bind epitopes on anti-
gens, thereby directly attacking the antigen, and they stimulate other
biologic ph such as activating compl, and binding Fc
receptors on other lymphoid cells.

1. Structure, Antibodies consist of four polypeptide chains—two identi-
cal light chains and two identical heavy chains—all bound together
by disulfide bonds (see Figure 1-3). Heavy and light chains have
hypervariable regions at the amino terminus (responsible for anti-
gen-binding specificity) and constant regions at the carboxy termi-
nus. There are intrachain disulfide links that divide each chain into
subunits of 110 amino acids. Thus, light chains have two domains
referred to as the variable and constant domains, whereas heavy
chains have four or five domains—one variable domain and three or
four constant ones.

a. Light chains. The molecular weight of each light chain is approxi-
mately 23 kD and is composed of 220 amino acids. There are two
subtypes of light chains, kappa and lambda.
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. (1) Kappa chains differ from lambda chains on the basis of struc-
tural differences in the constant region. The genes coding for
each are not on the same chromosome.

(2) Each antibody molecule has either two kappa or two lambda
«chains.

(3) A specific Immuneglobulin always has identical kappa or lamb-
da chains.

{4) The ratio of chain subtypes is constant within a species.

Figure 1-3. Schematic structure of the immunogliobeulin molecule,

b. Heavy chains. The molecular weight of each heavy chain is 50-75
kD and is composed of 450-580 amino acids.

(1) There are five different isotypes corresponding to the individ-
ual heavy chain gene utilized. Structural differences in the
constant regions of the various types of heavy chains account
for their different biologic properties.

(a) IgG has gamma (y) heavy chains.
(b} IgA has alpha () heavy chains.
{c) IgM has mu (u) heavy chains.

(d) IgE has epsilon () heavy chains,
{e) IgD has delta () heavy chains.

(2) Heavy chains are further divided into subclasses based on the
number of interchain disulfide bridges. For example, lgG1 and
1G4 have two disulfide bonds, IgG2 has four disulfide bonds.
and IgG3 has 15 disulfide bonds.

{3) Genes coding for heavy chains are on the same chromosome.

2. Antigen-binding sites are found in the variable region located in the
110 amino-acid segment of the amino terminal end of the heavy and
. light chains.
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Isotype Ig function
G- i

IgA — = Mucosal (secrefory)
igM — * Complement

acthation
IgE = = Basophil and mast
M. itizati it
ig0—+ = Antigen triggering
of B cells
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The plasmacytoma gives the hybridoma
its immaortality:

In A NuTsHELL

Major functions of IgG:

* Passive immunity fn fetus
= Opsonization

+ Complement activation

12

a. The \mrlll:\ll.ltjI of amino acid confers igen-binding
ficity to individual | lobuli This site has

hm.h i k and hyp iable or P ity d i
ing F gl are d

amino acid sequences that preserve the three-dimensional struc-
ture of the variable region and stabilize the hypervariable
regions. Hypervariable regions are folded to form the antigen-
binding site (also called the paratope).

b. Different structurally related antigens may be cross-reactive and
bound by the same antigen-combining site on different antibod-
ies. This is important in diseases such as rheumatic fever, where
streptococcal antigens are structurally related and cross-reactive
with heart tissue (cardiac myosin).

3. idiotypes, allotypes, and isotypes

a. Idiotype Is the term used to describe the area of the variable
region responsible for antigen specificity. These are the unique
epitopes that are found in the paratope of the antibody.

b. Isotype is the term used to describe the subclasses of immunoglob-
ulins (G-A-M-E-D) that are distinguished by unique
regions encoded by the heavy chain gene. The individual isotypes
have unique effector mechmm such as the abllltyI to bind com-
plement or mediate hyp i below).

c. Allotype is the protein product of an allele that may be detected
as an antigen by another member of the same species. It involves
different alleles at a specific site in the constant region of the

heavy chain.

4. Immune serum contains a h ion of antibodi
with varying affinity for anngm the average affinity Imroam as the
period of time after due

5. lonal antibodies are antibodies that are specific for a single epi-
tope They are p by hybrid

created from the fusion of activated B lymphocytes to plasmacytoma
cells that are grown in tissue culture,

Properties of i lobulin subek As previously noted, there are
five immunoglobulin subclasses: IgG, IgA, IgM, IgE, and IgD (remember
them by “G-A-M-E-D”). They can be distinguished by the type of heavy
chain they possess and by their distinct biologic functions.
1. IgG provides the major defense against bacteria and toxins. There are
four subclasses, varying by heavy chain isotype (G1, G2, G3, G4).
a. IgG is important in the secondary immune response to antigen
and provides long-lasting immunity.
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b. IgG is the only dass of immunoglobulin that crosses the human
placenta into fetal itis ible for p ing the
newbom during the first 4-& months of life.

€. Three subclasses of IgG fix complement (lgG3 > lgG1 > IgG2).

. IgM is important in the primary immune response to antigen because

it is usually the first antibody detected in the serum after exp o

BasiC IMMUNOLOGY

IN A NUTSHELL

& virus or specific antigen.

a. Circulating IgM is a p of five i I
{10 heavy p chains and 10 light chains) and one disulfide-linked J
chain.

b. IgM fixes complement very efficiently because each circulating
molecule has ten Fe sites.

€ Aggl of via the of lgM
allows the cross-linking of antigens.

d. gglutinins, factors, and hile antibod-
les are all Igh.

. IgA has an important barrier function on mucosal surfaces and func-

tions in the secretory immune response.

a. The serum form is usually monomeric, consisting of two heavy
chains {al, a2} and two light chains.

b. The secretory form (sigA) is found in tears, colostrum, saliva, milk,
and other secretions.

{1) It is usually dimeric, occasionally trimeric, joined by a polypep-
tide J chain,

(2) slgA contains a 70,000-dalton secretory component
(T piece) added to polymeric igA by epithelial cells as it passes
through to the luminal side.

{3) The secretory component confers stability to the molecule,
making it less ible to is in the g. inal
tract.

(4) Mt is produced by plasma cells in the lamina propria of the gas-
trointestinal and respiratory tracts.

IgD functions as a cell surface antigen receptor in naive B lympho-
cytes. bgD is very ible to p k. gD ions p ily as
a receptor for antigen on B cells and stimulates B-cell proliferation.
There are no subclasses of igD.

. IgE, also called the “reaginic antibody,” is associated with allergic

and i fiate hyp itivity
a. The Fc region of IgE binds to the surface of basophils and mast
cells. When antigen cross-links two IgE molecules, mast cells
degranulate and release leukotrienes, histamine, eosinophil

chemotactic factors, and heparin, which results in an | di

Major features of IgM:

o First antibody synthesized

* Found in B-cell membrane

= Pentamer with J chain

» Very efficient activator of complement

In A NUTSHELL

Major features of IgA:

= Secrefory immunify

= Often seen as dimer with J chain and
secretory piece (siga)

IN A NUTSHELL

Major features of lgD:

= Very low concentration in plasma

= High levels in membrane of mature
B cail

. CHions in antigen recognition
by B cell

In A NuTsHELL
Major features of IgE:

* Viery, very low concentrations in

hypersensitivity reaction, The half-life of IgE is increased when it is
bound to cell surfaces,

. IgE offers some p against mainly via
the release of ECF-A and the induced infl ¥ at

o

¥ ic for basophils and
mast cells

= Reaction with antigen causes release
of histamine and production of
leukotrienes
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Nore

The T-cell receptor has a function of epi-
tope recognition simiar to that of an
antibodly. t aisa has a structure and

Note

Adjuvants are immunastimulants that

Increase the immune response by their
inflammatory action. They alo profong
contact with the immunogen by acting
a5 a depot of antigen deposition.

IN A NuTSHELL

Acquired immunily can be divided into
wo broad categories:
* Humoral, or antibody, responses
~ Primary response is always ight
- Secondary response is 3 result of
isotype or class switching and results
in synthesis of IgG, igA, andior igE
production.

cm, ano‘delayedm hypersensitivity
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the site of worm inf i i i in the area .

and release major basic protein (MBP). This protein has been
shown to have a direct toxic effect upon schistosomes and, pre-
sumably, acts as a general metazoan poison.

F. T-cell receptors (TCR) act as antigen-specific receptors, allowing T cells to

function In cell They do not gnize antigen
alone, but only in the context of MHC molecules.

1. Their expression is interwoven with T-cell maturation in the thymus.
In the thymus, T cells mature and undergo positive or negative selec-
tion, Negati lection deletes ive cells. T cells develop

immunologlc specificity in a manner similar to that employed by B

cells; that is, they use genetic recombination among variable, joining,

and diversity genes to achieve thelr immunologic repertoire. The
gene pools are different than those for B-cell (and antibody) diversity,
but the processes are very similar.

. Types of immune responses. Immune responses usually involve some

level of Inflammation and are an acquired or adaptive response of the

body. An extracellular vaccine or pathogen will stimulate a humoral

response, whereas an i il F will sti both humoral
and cell-mediated responses.

1. Infection at a tissue site causes inflammation, which enhances anti-
gen delivery by follicular dendritic cells and macrophages to lympho-
cytes in nearby secondary lymphoid organs and recruits circulating
phagocytes and NK cells to attempt to resolve the infection.
Activation and clonal expansion of antigen-specific lymphocytes in the
secondary organ requires several days to generate a large number of
effector lymphocytes and some memary lymphocytes. The effector
lymphocytes then circulate through the blood and extravasate at site
of infection due to lation of adhesin molecules on endotheli

cells and locally produced cytokines (IL-8)

2 immune are g d against most antigens and
require the secretion of antibody by plasma cells (activated B cells) in
response 1o a specific immunogenic stimulus,

a. The primary immune Is the first resp: 1o
exposure. During the initial lag phase, lasting the first 3-5 days,
no free antibody can be measured. During this phase, T helper
cells and B cells are being activated and activated B cells are dif-

into antibody plasma cells (the specifics of
T- and B-cell activation are discussed later). Thereafter, an expo-
nential (log) phase-rise in ibody in the circulati
OCCUrs.
(1) 1gM Is primarily produced. After the first IgM response, class
switching occurs and the level of IgM usually declines.
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{2) Later in the response, higher affinity lgG become detectable;
in response to an oral or mucosal antigen, sigA becomes
detectable in secretions as well.

b. The dary immune resp is an L to
previously encountered antigen. Memory B and T cells are respon-
sible for this phase.

(1) In a secondary response, high-affinity 1gG class antibody levels
rise more rapidly; this requires less antigen to elicit a response.
The ability to respond may persist for years due to the pres-
ence of long-lived memory B cells and T cells. This anamnestic
response explains the efficacy of boaster injections of vaccines.

(2) Similarly, a secondary response to an oral antigen rapidly gen-
erates higher levels of IgA, much of which is transcytosed
across the mucosal epithelial cells onto the external mucosal
surface.

(3) d p 1o large particles, such as
some helminths, pollens, or enzymes (e.g., those found in cat
saliva), may produce unusually high levels of IgE. IgE may be
important in the response to helminths, but IgE made in
resporse to pollens and enzymes can lead to allergies.

Cellular immune response. Effector (activated) T helper cells have

multiple functions, including helping activate B cells for most

humoral responses, helping activate CTLs, and acting as effector cells
in cell-mediated responses such as the killing of virally infected cells
and some tumor cells.

a. T-helper cell activation requires presentation of foreign peptides

on HLA class Il proteins on antigen-presenting cells.

. T-helper cells secrete cytokines that lead to the differentiation

and proliferation of lymphocytes.

T cells are the major cell type needed for cell-mediated responses.
Effector CD4* (helper) cells can secrete cytokines that activate
innate cells, e.g., NK cells {to help kill virally infected or tumor
cells), or hages and ive activation of
macrophages causes the macrophages to release inflammatory
cytokines that can cause delayed-type hypersensitivity.

o

"

Basic IMMmuNOLOGY

All immune resps must be Antigen p t

tion can affect the strength of the response, as can immune suppression,
Anti-idiotypic antibodies may play a role in downregulating normal
humoral responses.

1.

Immunologic tolerance describes the specific depression of immune
responses induced by previous antigen exposure; the opposite of
immunity. The degree of immune tolerance may be partial or com-
plete. That is, one may elicit tolerance to one epitope but not to

KAPLAN MEDICAL

CLINICAL CORRELATE

Some allergies can be controlled by the
ingestion of the allergen. This has proven
to be of value in some patients with
poillen allergies (they eat honey).
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CLinicAL CORRELATE
r:mr&mmwmmor
antigen may be the reason that large
organ transplants (e.q., er) survive well
i mast recipients.

Cumcu CORRELATE

Ammﬂmmem‘mmmup
[ression is opportunistic infections.
FRecurrence of CMV infection in bone
marrow transplant recipients is a major
cause of morbidity.

116

another on a specific molecule. Important factors in tolerance induc- .
tion include:

a. The form of antigen

b. Route of exposure

c. The age of the recipient

d. Dosage of antigen

2. Immune supp

is il as the active | ic unre-

i of normal cells with a sup-

pressnr «cell population or by physical or chemical agent interactions

with the immune system.

a. Suppression by CD8* cells. These cells affect the functions of T-
helper cells (CD4*), B | and ytes or phagy

b. Physical immune suppression

(1} X-ray and ultraviclet radiation can suppress immune responses
by the elimination of lymphocytes. B cells are more sensitive to
radiation than are T cells. Bone marrow and lymphoid tissues
are especially sensitive,

(2) Surgical intervention can be utilized by the removal of lym-
phoid tissue such as the thymus, spleen, and lymph nodes.

(3) Chemical agents can successfully suppress immune responses.
Corticostercids can cause peripheral blood lymphopenia,
Inhibit RNA and DNA synthesis, decrease macrophage respons-
us, decrease monocyte chemaotaxis, and decrease IgG respons- .
es. Purine or pyrimidine analogs (e.g., azathioprine) inhibit
g6 Folic acid interfere with DNA and
protein synthesis in lymphocytes. Alkylating agents {e.g.,
cyclophosphamide) reduce the number of lymphocytes in the
spleen.

CELLULAR INTERACTIONS IN IMMUNE RESPONSES

A. Antigen processing. The mechanism whereby antigen Is internalized and

< d on the antig g cell (APC) L iated

with MHC class | or class Il molecules is called antigen processing. There

are two separate routes that dictate with which MHC molecule the pep-
tide will associate,

1. The exogenous route of antigen processing occurs when a cell takes
in foreign antigen by phagocytosis or pinocytosis. The antigen is
engulfed and is found in endosomes inside the cells. Proteolytic
enzymes digest the antigen into small peptide fragments. The endo-
somes fuse with exocytic vesicles that bear class 1| molecules on the
interior of their membranes and the peptide epitopes then bind in
the antigen-binding groove of the class Il MHC. The endosome then

KAPLAN MEDICAL



travels to the cellular membrane and fuses with the membrane,
thereby expressing the MHC-peptide on the surface of the cell,

. Many antigens are synthesized within the cell. Examples of such anti-
gens include tumor antigens and viral proteins, These proteins are
processed by the endogenous route for antigen processing. These
proteins are synthesized in the cytoplasm of the cell, and some are
broken down into peptide fragments. They are transported to the
lumen of the endoplasmic reticulum, through the TAP peptide trans-
jporter complex, where they associate with dlass | MHC molecules. The
MHC I-peptide complex is transported through the Golgi to the cell
surface.

~

B, The T-cell receptor and its interaction with antigen

1. The T-cell receptor ks antigen (epitope) specific. it binds to the epi-
tope located in a groove in the appropriate class | or Il MHC molecule
on the surface of the APC.

. The TCR is noncovalently linked to the CD3 molecule, and engage-
ment of the TCR by antigen stimulates CD3 to transmit blochemical
signals into the interior of the cell. These signals are required to trig-
ger the T cell. When peptides are presented in association with MHC
molecules, the antigen-binding region of the TCR recognizes
processed peptide in association with the MHC molecule.

dditionally, the CD4 binds to a region of the
MHC molecule. CD8 molecules can bind to class | MHC, while CD4
molecules cannot. The need for CD4 to bind to MHC Il and CD8 to
bind to MHC | explains why helper cells (CD4%) respond to processed
antigens associated with class Il, whereas cytotoxic T cells (CDB*Y)
respond to antigens assoclated with class | MHC molecules,

~

C. The T cell-APC interaction. We have already discussed the physical inter-

action of the TCR with the MHC class | or class || peptide complex.
However, for the T cell to become activated, other molecules on the cell
surface of the T cell and APC must interact. These accessory molecules

are collectively known as adhesins and further gthen the interac-
tion between the T and the antige: cell,
D. for ion of cy T cells (Tc). While T-helper cells

can be fully activated by the T cell-APC interaction, cytotoxic T cells can-
not. This is primarily because these cells do not secrete enough IL-2 to
support their own growth. For this reason Te require activated Thi cells
to supply the IL-2 that they need. While the tumor, graft, or virally
infected cell itself is able to supply the Tc with peptide associated with
MHC class | molecules, antigen-presenting cells must be able to take up
some of the soluble antigens and present this antigen to helper T cells,
The helper T cells can then supply the IL-2, which ks needed by the Tc
before it will develop into a fully functional cytotoxic T cell.

KAPLAN MEDICAL
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» Endogenous antigens synthesized
within the cell, bind with class | MHC
molecules, and are presented on the

| cell surface.

|« Exogenous antigens are intemalized,

| digested, and fragments are com-

| plexed with class i MHC molecules to

be presented on the cell surface.

In A NuTsHELL

Summary of interleukin role in cell
activation:

.- IWMMWMW
activates Th

. M.)pmdtxedby??ﬂrdﬁisangna\l
for proliferation

o 114,56 produced by ThZ cells are sig-
nais for maturation and class saitching.
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Interfeukins:
L1

ate, activate, and chemotax
# Stimulates IL-2 secretion
= Pyrogenic (fever inducing)
-2 = » Produced by activated T cells
= Stimulates T cells (helper; cyto-
towic and natural kifler cells)
® Stimubxtes B cefls
N-3 = = Secreied by acthaled T cells
= Stimulates bone mamow stem
cells
-4 — = Secreted by activated helper
cells and mast cells

i-5 - = Secreted by activated helper
cells

* Promotes B-cell proliferation
* Increases lgA and increases
synthesis of eosinaphils
-6 — = Stimulates production of acute
phase reactants
* Stimulates B cells
IL-7 - = Stimulates pre-B and pre-T cells
It-8— = Stimulates chemataxis and
adhesion of neutrophils
I-10 — = Inhibits cytokine release from
= Inhibits interferon synthesis by
Thi cefls
iL-12 — » Activates natural kifler cells
* Induces Th = Thi
* ncreases CTL and DTH cell
numbers
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« Stimulates other cells to prolifer-

E. Requirements for activation of B cells

1. When B cells are triggered to make antibody they require the interac-
tion of native {unprocessed) antigen with their antigen receptor
{membrane immunoglobulin). However, for class swltdllng 1o ocour,
activated T cells must supply Th2 cy i ding IL-4,
IL-5, IL-6, IL-10. B cells also need some IL-2, which may be supplied by
aTh cell.

2. Some antigens, notably polysaccharides, can stimulate B cells without
the need for T cell help. These antigens are said to be ~"thymus inde-
pendent.” The made in such are Igh only; also,
no immunelogic memory is induced. This is due to the fact that
helper T cells do not respond to polysaccharides because they cannot
be presented in MHC II.

3. Protein antigens are “thymus dependent.” Immunoglobulins made to
thymus-dependent antigens will include all classes of immunoglobu-
lin since class switching will occur in these responses due to the pres-
ence of Th2-derived cytokines.

F. Cytokines. Cytokine is a term used to describe a collection of proteins

that regulate i legic and i Yy response to injury.
p e i duced by lymphocy \ o
cytokines produced by monocytes or Cytokines

medulate responses to antigen in several ways, including the regulation
of cell growth and the control of differentiation of immunologic cells.
Cytokines also mediate intercellular signaling that controls activation or
suppression of immune cells. Normally, resting cells do not secrete
cytokines; cells must be stimulated to produce them. Cytokines have
both autocrine effects (i.e., exerts a local effect on the same cell that
the and/or p effects (exerts an effect over a
distance upon other cells). Cytokines are typically very potent agents that
can act on their target cells at very low concentrations. Also, a single
cytokine can have multiple functions and many cytokines have similar
effects. Cytokines often influence the synthesis of other cytokines, lead-
ing to cascades with both positive and negative regulatory mechanisms,

COMPLEMENT AND INFLAMMATION

Inflmmnm s an Imegral part of all immune responses. One of the major

for 3 of the I cas-
cade, which also prod [ fi ins, ¢ and ana-
phylatoxins, and can directly mediate killing through cell lysis.

A, G I was the term used to describe the
activity in serum which, when combined with specific antibody, would
cause bacterial lysis. Complement is now known to be a system of pro-
teins that interact to play a role in humoral immunity and inflammation.
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Complement is a complex group of proteins and glycoproteins found in
blood and tissue fiuids. C can directly ize foreign mate-
rial for phag is after antibody activation (C3 and can

participate directly in killing some cells and microorganisms, Finally, pep-
tide fragments from the complement proteins can regulate inflamma-
tion.

s

Complement activation. There are two pathways of complement acti-

wvation, the dassical patk and the ry. The end

result of either pathway is the formation of a membrane attack com-
plex (MAC), which is a lipid-soluble pore structure that causes osmotic
lysis of cells,

a. The cassical pathway is the main antibody-directed mechanism
for complement activation. It is the most rapid and efficient path-
way.

{1) Compl i ti ibody « I The

9
antibody must be IgG or IgM, but IgM is more efficient than
I9G.
(2) Antigen-antibody complexes bind to C1, which then activates
the cascade.
b. The of ivation occurs as a

result of binding directly to the surface of an infectious organism.

This pathway is slow and less efficient than the classic pathway.

{1) The alternative pathway primarily recognizes bacteria and
depends upon the interaction of a small amount of pref

Basic IMMUNOLOGY

CLinicaL CORRELATE

The aiternative pathway protects the
body from pathogens in the absence of
antibody. The bacterial surface itself acti-
vales the cascade.

C3b with protective surfaces.

@) his to that both lead to lysis by
the terminal complement components (C8 and C9); however,
they are initiated by different complement components.

Classic pathway. The reaction occurs in the following order: Cig, Cir,
C1s, C4, C2, and C3. Each component of the classic pathway has
unigue biclogic functions.
Alternative pathway. There are several key components of the alter-
native complement pathway,
a. There are several initi of the

(1) Lipopolysaccharides, the cell wall components of Gram-

negative bacteria

(2) Bacterial and plant polysaccharides

(3) Cell membrane constituents.

{4) Aggregated IgA, IgG, IgE, and lgM

(5) Cobra venom factor

(6) Endotoxins that complex with Factor B to form C3 convertase

. The membrane attack complex (MAC) is formed from the reactions

among €5, €6, €7, CB, and C9. It leads to lysis of cells.

. The products of the complement cascades have several biologic roles

Including viral ion, lysis of Infl d cells, and direct

KAPLAN MEDICAL
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Biologically important C proteins:
= 23, Cda = weak anaphylatoxing
= (3a, C5a = strong anaphylatoxins
* C5a = potent chemataxin

* C3b = potent opsonin
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= ; T
[pase patients o certain ciseases:
Cldeficency manedsamnmy
0 progenic infections
C2deficency =+ Increased incidence of
‘connective tissue
disorders
C5-8 deficiency —  Recurrent Nevssenia
infections (meninge-
«coccal, gonococtall
1 patprase = Heredktary angio-
deficiency’

In A NuTSHELL

The inflammatory response can be trig-
gered by focal tissue damage that resuits
mmmmbmnrbymtcw

mmmwmr«mm(em
C3a, C5af) on the cytoplasmic mem-
brane. Alergen reacting with cell-bound
IgE can aka trigger degranulation.
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Iysis. G can also mediate immune .

adherence, the focusing of antigen on macrophage or lymphocyte sur-

faces, and promoting phagocytosis. Finally, biologic responses such as

anaphylaxis, kinin activity, smooth muscle contraction, vasodilatation,
d by

B. Inflammation is a pathologic state initially characterized by pain, red-

ness, heat, and swelling. These features of inflammation are due to vas-
cular permeability changes leading to an infiltration of leukocytes, pri-
marily neutraphils and phag Ith h small of
eosinophils and basophils can also be found, I.vlwhnqrtzs can also enter
sites of inflammation, where the release of cytokines can enhance the
Inflammatory response. A variety of compounds or chemicals can elicit
inflammatery responses, and a variety of chemotactic factors are respon-
sible for the migration of cells to sites of inflammation.
1. ive and smooth muscle i
a. Histamine
(1) Histamine is stored as granules in mast cells, basophils, and
platelets, with higher concentrations found in the intestine,
lung, and skin.
(2) Histamine is released from mast cells when antigen contacts
IgE bound on the mast cell. It may also be released by nonim-
munologic mechankms, e.g,, trauma or cold.
(3) Histamine interacts with target-cell receptors H1, H2, and H3.
H1 causes contraction of smooth muscle, increases vascular
permeability, and elevates intracellular cyclic GMP. H2 increas-
es gastric acid ' i mucus production, and
intracellular cyclic AMP. H3 is found in the central nervous sys-
tem and functions in the negative feedback inhibition of hista-

mine release and synthesks.
(4) Histamine can be isolated from inflammatory sites in early
infl; jon, but its ion dwindles within ene hour.
b. b acid i acid is derived from cell
brane phospholipids, following from linoleic acid.
Itis via two the cye pathway and

the lipoxygenase pathway.

{1) The cycl converts acid to

prostaglandin PGG3. PGG; is converted to PGHy, which is ulti-
mately converted to TxA; (thromboxane Ag), other more stable
prostaglandins (PGFyu, PGE, PGDZJ and prostacyclin (CPGIZ).

(2) The lipoxygs the includ-
ing I.T(‘, LTDy, and LTE,, whl:h are collectively known as the
slow-reacting substance of anaphylaxis.

c. Platelet-activating factor (PAF) is derived from cell membrane
lipid and is ized by basophik hils, monocytes, and
epithelium,
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(1) PAF activates platelets by initiating the release of platelet gran-
ule constituents, causing platelets to clump.

(2) PAF the synthesis of p landins and leuk
(3) PAF also increases the adhesiveness of neutrophils for
endothelial cells.

d. Adenosine is an inflammatory agent derived from mast cells after
ATP breakdown. It interacts with A1 and A2 receptors on the cell
membrane. The A2 receptor Is assoclated with increased levels of
intracellular cyclic AMP, an effect that is blocked by methylxan-
thine drugs.

Basic IMMUNOLOGY

. Chemotactic factors
a. Eosinophil chemotactic factors. There are six major eosinophil
- ic factors, including hi
b. Neutrophil chemotactic factors. There are six neutrophil chemo-

tactic factors. Their primary role is to attract neutrophils to sites of
inflammation. They include IL-1 and IL-8.

. Enzyme mediators

a. Neutral proteases are products of mast cells.

b. Acid hydrolases are found in the lysosomes of many cell types.

They degrade such as chondroitin sulfate.

Proteoglycans function in the storage and release of other vascular

mediators.

a. Heparin is an anticoagulant that modulates tryptase activity.
Tryptase, the major protein of human lung mast cells, can activate
C3 directly in the absence of heparin. It Is stored in mast cell gran-
ules in association with histamine.

. Chendroitin sulfates are lecules that function as
binding sites for other mediators within mast cells,

. Toxic oxygen molecules are important compounds that function in
killing microorganisms and in the activation of neutrophils,
eosinophils, and mast cells. They include singlet oxygen superoxide
anion, hydrogen peraxide, and hydroxyl radicals.

. Kinins are polypeptides (e.q., fibrin-split peptides) formed from pre-
cursors in the plasma.

a. Kinins are labile proteins with physiclogic effects similar to hista-
mine.

b. Bradykinin, @ major kinin, functions as a dilator by ]
capillary p ility and i and edema. It also
causes smooth muscle contraction.

(-8
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innate immune system; they augment

Cuinicat CORRELATE

Enzyme activation during the comple-
ment cascade or as a part of the inflam-
matory response can actihate the clotting
system (Hageman factor, etc.) and lead
o DIC.
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HIV and AIDS

14

the defining infectious disease of our g ion. AlDS is

contact with biood or other body fluids of an infected individual.

1. Causative agent. AIDS s caused by the human immunodeficiency
virus (HIV), which is a Gtype belonging to the L
family. The RNA core is surrounded by a lipid envelope that is derived
from the host plasma membrane. The viral membrane contains a
transmembrane protein, 1807 This protein is commonly detected in
mm analysis as two fragmnu—.ga&l,_mm The core
proteins include reverse ot glycosy pro-
teins Mgmedflg and p24.

2. Risk groups for HIV infection include homosexual males, intravenous
drug abusers, children born to infected mothers, sexual partners of
people in high risk groups. and recipients of infected blood products
or secretions. The latter risk is now minimal given the excellent meth-
ods of screening blood products for potential contamination.

3. Mechanism of Modes of ission of HIV include
needle contamination among drug abusers, sexual contact, and expo-
sure to blood during the birth process.

4. Mechanism of infection. AIDS is characterized by a profound loss of

CD4* T cells. The virus binds to the CD4 molecule on the T cell via
gp120. In addition to T cells, HIV can also infect other CD&* cells, such
as macrophages and astrocytes in the brain. Having entered into the
cell, the RNA is reverse transcribed and integrated within the host
DNA. Exposure of the T cell to activating stimuli such as cytokines or
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Norte

The loss of CO4+ calls would lead one fo
anticipate a deficit in hefoer cell activity
with reduced antibody synthesis, but this
may not occur. mmﬂw that pre-
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antigens results in activation of the virus by stimulating transcription

of virally encoded genes. Once activated, the virus replicates within

the cell. Extensive viral budding can lead to death of the T cell, In con-

trast to the T cell, the macrophage is more resistant to death from

viral infection and appears to serve as an important viral reservoir.

llular of HIV i

a. T cells. A central consequence of infection with HIV s a loss of

CD4* helper T cells. However, in addition to a loss of CD4* T cells,

there is also a decrease in the response of T cells to antigen and an

impaired production of cytokines, such as IL-2 and IFN-y.

B ulls. -Mthough patients with early HIV infection appear to have

of B cells with immune |

ln lhell plasma, they steadily lose the ability to mount an effective

antibody response to new antigens.

¢ Macrophages. HIV can enter the macrophage through binding of
gp120 to CD4 and a second membrane receptor, CCRS (a
chemokine receptor). Both circulating monocytes and
macrophages serve as a reservoir for the virus,

Natural history of HIV infection. The Centers for Disease Control (CDC)

has propesed four clinical subgroups for AlDS-infected individuals:

a. Group I This group of individuals is characterized by an acute
infection. After the initial infection, the patient may develop a
Y leosis, ized by
rash, sore throat, fever, or even aseptic meningitis.

. Group Il. This group of individuals is characterized by asympto-
matic infection. The disease becomes clinically latent and can
remain so for 7-10 years,

© Group IIl. This group is characterized by persistent generalized

lymphadenopathy together with fever, rash, and fatigue. AIDS-
related complex (ARC) represents a nonspecific cluster of signs
and symptoms of AIDS that Is not accompanied by a decrease in
CD4* cells. A diagnosis of early ARC is made if the individual has
one of two of the following symptoms: fatigue, fever, weight loss,
persistent skin rash, oral hairy leukoplakia, herpes simplex, and

e

-

oral thrush. 1 ARC is d ined if the individual has two
or more of these symptoms,

d. Group IV. This group Is characterized by generalized disease,
inchudis logle epportunistic and se ¥ neo-
plasms. Ul the disease prog to the of

the immune system with full-blown AIDS characterized by the
development of secondary tumors and numerous opportunistic
infections.
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(1) Among the tumors common to AIDS is Kaposi's sarcoma,

HIV anp AIDS

Cunicat CORRELATE

which can be found in individuals even before break of =%
the immune system. HIV patients can present with a wide
(2) Non-Hodgkin's | are tumors 'iﬂwofumbieﬂummm
that are found in severely Immunmwomlud patients. ;{:’wmrz:"mmmﬁhﬂm
3 HI\Hniecwed are also ible to know that there is a high incidence of
fection by p {e.g.. Cryp idia and Toxopl: the following disorders in HIV patients:

gondii), fungi {e.g., Cryptococcosis, Candidiasis, and

Pneumocystis carinii ), bacteria (e.g., Mycobacterium avium-
llulare and M. is), and viruses (e.g.,

cytomegalovirus [CMV], herpes simplex, and varicella zoster).

{4) Central nervous system (CNS) Involvement Is a common fea-
ture of AIDS (60%). It can result either from direct infection of
the CNS by the virus or from opportunistic infections (e.g., tox-
oplasmosis).

. Diagnosis. During primary iliness, antibodies are not commonly
detected. HIV antibodies usually appear six weeks to six months after
exposure. Mtlbodm against the various viral proteins do not devel-
op For mmple against p24 (core) and
gpal b ) are d d before those induced by
pol gene products.

a. Antibodies to HIV are detected by ELISA.
b. Confirmatory tests are performed by Western blot.

and While the average incubation

= Oral thrush (Candida)
* Esophagitis (Candida, CMY, H5V)

. period for infected adults is 10 or more years, infants develop clinical . i disordlers
disease much sooner after exposure. ‘I'he treatment s aimed at 3 prmomﬂ_mmm'w
g viral replication and p g opp i B 3 FOXOpasTosis o
Patients wnh AIDS or AlDS-related complex (ARC) are treated wllh thy
nucleoside analogs, such as zidovudine (3-azido-3'-d i = %WW
1 = retinitis
or AZT) and with p le.g. ir). The most A s
Impnnanl treatment at this time is prevention, whether through A
ling, or behavior In addition, screen- * Sexually transmitted diseases
ing of potentially infected blood has virtually eliminated transmission . f*"s;“w
by blood fusion, and cloned antihemephilic factor (factor VIl — Kaposi's sarcoma
has reduced the risk of HIV transmission to hemophiliacs. - Sebarrheic dermatitis
= Herpes simplex
* Disserninated infections
—c) i
- Mycobactenium avium-intracetulare
- Histoplasmosis
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