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Cytoplasm Plasmid  Cell membrane
rich in 70S (site of cellular
ribosomes respiration)

Eukaryote Mitochondrion
(site of cellular respiration)

y reticulum
reucuuum (ribosomes)
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Gram-positive Bacteria

Peptidoglycan 0.02-0.06 nm (multilayer)

Proteins
Lipoteichoic acids
Teichoic acids

Teichuronic acids
Polysaccharides

Sig,955 !
lags iSL )0 Lidgs (slizl gl V=Y Jga
Acid-fast Bacteria Gram-negative Bacteria
Peptidoglycan 0.01 nm (trilayer) Peptidoglycan 0.01 nm (bilayer or trilayer)
Polypeptides Lipoproteins
Mycolic acid-glycolipids Outer membrane

Arabinogalactans
Arabinomannans

Cord factor

Sulfolipids
Mycosides

Lipopolysaccharide

Proteins
Polysaccharides

Lipooligosaccharides
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Bacterium

Yersinia pestis
Staphylococcus aureus

Streptococcus pyogenes

Streptococcus faecalis
Streptococcus pneumoniae

Haemophilus influenzae
Klebsiella pneumoniae
Neisseria meningitidis

Pseudomonas aeruginosa

Surface Polymer

Protein

Teichoic acid
Protein A

Hyaluronic acid capsule

M (virulence) antigens (fimbriae)
Group A polysaccharide
Lipoteichoic acid (group D)
Type Il

Type lll

Type XVIII (teichoic acid-like)

Type b capsule
Type | capsule

Serogroup B antigen
Serogroup C antigen

Capsule

Components

Protein

Ribitol-1,5-phosphodiester, N-acetyiglucosamine, o-alanine
Protein

[-A-acetyl-p-glucosamine-3-1 J4o-glucuronic acid-g-1,3-]1,
Proteins

Polyrhamnan, A-acetyl-o-glucosamine

Glycerol-1,3-phosphodiester

o-Glucose, L-rhamnose, o-glucuronic acid
o-Glucose, o-glucuronic acid
[o-Glucose, p-galactose, L-rhamnose, glycerol-POs, O-acetyl]n

Polyribose-ribitol phosphate
o-Glucose, fucose, glucuronic acid, pyruvic acid

[A-Acetylneuraminic acid]a
[N-Acetyl,0-acetylneuraminic acid],

Alginic acid
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Microbiota Community of microbes that live in and on an
environmental sites and host niches in health and
disease

Normal flora ~ Microbiota

Microbiome Aggregate collection of microbial genomes in the
microbiota

microbiome at specific body sites; although tynically represented
by a limited number of species, these comprise the
largest proportion of the microbial population

Secondary  Microbial species that contribute to the unique diversity

microbiome of individuals at specific body sites; typically present
in proportionately small numbers

Functional Required functions (e.g., metabolism of nutrients,

redundancy regulation of the immune response) that are provided
by the diverse members of the microbiota

Taxonomic The diverse number of species that comprise the

diversity microbiota

Prebiotic Food ingredient that supports the growth of one or
more members of the microbiota

Probiotic Live organism that when ingested is believed to provide
benefit to the host
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Wet mount Unstained preparation is examined by brightfield, darkfield, or phase-contrast microscopy.

10% KOH KOH is usad to dissolve proteinaceous material and faciitate detection of fungal elements that are not affected by strong akali
solution. Dyes such as lactophencl cotion blue can be added to increase confrast between fungal elements and background.

India ink Maodification of KOH procadure in which ink s added 2s contrast material. Dye primarnily used %o datect Crypéococcus spp. in
cersbrospinal flud and other body fiuids. Polysaccharide capsule of Crypiococcus spp. excludes ink, creating halo around yaast cell.

Lugol iodine lodine is added to wet preparations of parastology specimens o enhance contrast of internal structures. This faciitates

differentation of amebae and host whits bicod calls.
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Gram stain Mast commonly used stain in microbiology laboratary, forming basis for saparating major groups of bacteria (e.g., gram-positive,
gram-nagative). Aftar fxation of specimen to glass slide (by heating or alcohol treatment), spacmen i exposed 1o crystal viclst and
then iodine s added to form complex with primary dye. During decolorization with alcohol or acetone, complex is retained in
gram-positive bacteria but lost in gram-nagative crganisms; counterstain safranin is retained by gram-negative organisms (hance “‘
thair red cokor). The dagree to which organism retains stain is function of organism, culture conditions, and staining skills of the
microscopist.

Iron hemaiuyfin Used for detection and identification of fecal protozoa. Haiminth eggs and lanvae retain 100 much stain and are more sasly

stan identfied with wet-mount praparation.

Methenamine siber  In ganeral, performed in histology laboratories rather than in microbiclogy laboratories. Usad primarily for stain detection of fungal
elements in tissue, 2though other organisms (e.g., bacteria) can be dstected. Siver staining requires skill becauss norspecific
staining can render slides unable to be interpreted.

Toluidne bive O Usad primarily for detection of Prsumocysss organisms in respiratory specimena. Cysts stain reddish-biue to dark purple on

stan light blue badkground. Background staining i removed by sulfation reagent. Yeast calls stain and are difficult to distinguish from
Pneumocystis calls. Trophozoites do not stain. Many kaboratories have replacad this stain with spacific fluorescent stains.

Trichrome stain Alarmative to ron hematoxylin for siaining protozoa. Protozoa have biuish-green o purple cytoplasms with red or purplish-red nucle
and inclusion bodies; specimen background & green.

Wright-Gemsa stan  Usad 1 datect blood parasites, viral and chiamydial inclusion bodies, and Borrefa, Taoplasma, Pnsumocystis, and Ricksttsia spp.
This is a polychromatic stain that contains a mixture of methylene blue, azure B, and ecsin Y. Giemsa stain combines methylana
bive and eosin. Ecsin ions 2re negatvely charged and stain basic components of calls orange to pink, whareas other dyes stain
acidic call structures various shades of bie o purple. Protazoan trophazoites have a red nucleus and grayish-blue cytoplasm;

Acid-Fast Stains
Zishl-Neeken stan  Usad 1 stain mycobactaria and other acid-fast organisms. Organisms are stained with basic carbolfuchsin and resist decolorization é
with acid-alkal solstions. Background is counterstained with methylene blue. Organisms appear red against light blue badkground.
Uptake of carbolfiuchsin requires heating specimen (hot acid-fast stain). \Y$
Kinyoun stain Cold acid-fast stain {does not require heating). Same principle 2s Ziehl-Neelsen stain. V

Auramine-rhodamine  Same principle 2s other acid-fast stains, except that fluorescent dyes (auramine and rhodamine) are used for primary stan, and
pofassium permanganaie (strong aodizing 2gend) s the counterstan and inactivates unbound flucrochrome dyes. Organisms
fluoresce yellowish-green against a black background.

Modified acd-fast ~ Weak decolorizing agent is usad with 2y of three acid-fast stains listed. Whereas mycobacteria are strongly 2cid-fast, other

stan organisms stain weaker (2.9., Nocardia, Rhodococcus, Tsukamurela, Gordonia, Cryptosponidium, Isaspora, Sarcocystis, and
Cyclospora). Thesa organisms can be stained more efficiently by using a weak decolorizing agent. Organisms that retain this stain
are referred © as partally acid-fast.
Fluorescent Stains
Acridne crange Usad for detection of bacteria and fungi in cinical specimens. Dys intercalates into nucleic acid (native and denatured). At neutral
stan pH, bactena, fungi, and caliuiar material stain reddish-orange. At acid pH (4.0), bactana and fungi remain reddish-orangs, but
Auramine-thodamine  Same as acid-fast stains.
stan
Calcofiuor white Used 1 datect fungal elements and Pneumocystis spp. Stain binds to calluiose and chitin in call walls; microscopist can mix dye
S 5w sy (B
55wy S0 £l
SP P9y See )

{(Dark  field) Sl arej oS Son ((sld) Sl S 5LE 0sSg So (D5 4y o5S—wg Soe

adoz sl Invert Loy (mgSe g8y Sn 9 (Uil 8,0 S led - (Ao CoSng S e )9l G gSg S
A (598 S sSag S

S SS OB el (S0 )9 9 se—s Al A iy 9 )50 T b el Jolae SIS a8

D55 oo Lo o2 45 o035 > 90 pled )0 580g S



@93 Lir

sl gumiaaS g GT
sl gumiaaS g GT



S loiss (milidiid g g0 3093 i)

bl i iG]

(359=0) (=135 slows o 80

Gyl \fo
el Zdghe Wiy ) adsl el ge 5 bel &S Sz o lies S5k T @ 65k T b 85 gl pJLal
o JEsl p ple 4 Wilgd co g ol Cadle g Chgae jl0 a5 Jlg> b o8 Lol
el G S (Sgte Jole Sy iS5 dghe
b oo 5Ll G g 35 g0 Bljme CBb b Jghe 3,1y munlS )l Seo ] (o 45 gunl b e les
DBl g)lem Slml o Gsre Jule S by sl slen
S Vg ns ) (Sede Jole bwgi ond bl (g lon (Do 5 Do) (o5 (2l i Y 2
ol snlw a g s T sladslw S o6 zge T sla sl s MHC as Jlal L a5 ol pn S s 105555 g
Wy oo 42,6 4 5l g
& b,
Aboe z2 O)lpe Jolds &5 sloars 3 —
Se laz L 5l asl o)lge pled ;o pudlE g Ko N
bl ansly el ady Cobl Jus paiz B olRislesl bl 50 Wb pendlS g S ¥
50,5 ol (6 loss ol oles e W35 a4y el iSO ygm 4o Y
20,85 gl sl ouls 1550 o0 Ojg0ds &S b Gl 5l Ioaste b peedlS g S ¥
WSloe ) O)lge Jold &5 (Jose sloars 3 —
Lo 56 Lo el 55 9 4Bl 0525 136 slo SLrpundlS )] 5o (2506 5kon Gaiid )
oo (2365l Sad halS el (i ke Lo e 5 ilu b e Y

29dise 2lis)len Ol a5l el ((pdy)) sy Sl 4y 0ad (Bgels ) a3 Y



o S 98 glilin 1 g8 b

®
V00

iliss (6,5 P3Ny Son dlanlgas canline 1o (5,5K adgs l)T 5l a8 ol ol

N ) oot gl ey ol s S b3l l 5 (35) (Dl SlaSin a5t sy gyl s oS skl

PLS ) (rpnniSguS o) (w95 95 gkl g 00,0 c Bl jo 0l (QUly Jdoan (wgSiinds plow (weS 95 ghdlionl 9 gy 0 puy]
ol 0 428,5 o(05 Wyl Ll ds) el ) 4 e Al s 08 Y

TR X NIEER S gy

__
staphyié, bunch of grapes; coccus, grain or berry
(grapelike cocci)

S. aureus aureus, golden (golden or yellow)

S. epidermidis epidermidis, outer skin (of the epidermis or outer
skin)

S. lugdunensis Lugdunum, Latin name for Lyon, France, where the
organism was first isolated

S. saprophyticus  sapros, putrid; phyton, plant (saprophytic or growing
on dead tissues)

lo)T slos lons 5 555 shedbinl GladisS (o aalds Y=Y Jgor

S. aureus Toxin mediated (food poisoning, scalded skin
syndrome, toxic shock syndrome), cutaneous
(carbuncles, folliculitis, furuncles, impetigo, wound
infections), other (bacteremia, endocarditis,
pneumonia, empyema, osteomyelitis, septic arthritis)

S. epidermidis  Bacteremia; endocarditis; surgical wounds; urinary
mmoppummmdm
shunts, prosthetic devices, and peritoneal dialysates

s jyticus Uiinary ractinfect ssic inflct
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Organism Diseases

S. lugdunensis  Endocarditis, arthritis, bacteremia, opportunistic
infections, urinary tract infections

S. haemolyticus  Bacteremia, endocarditis, bone and joint infections,

urinary tract infections, wound infections,
opportunistic infections
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S. aureus S. epidermidis S. saprophyticus

Coagulase - - -
Anaerobic growth and fermentation of glucose + + =
Mannitol

Acid aerobically . v v

Acid anaerobically + S = \OF
a-Toxin +
Heat-resistant endonucleases + ~ = o
Biotin required for growth - + NT
Cell wall

Ribitol + — +

Glycerol i v

Protein A i K
Novobiocin sensitivity® S S R

From Baird-Parker: Ann NY Acad Sci 236:9, 1974
+, 90% or more strains positive; —, 90% or more strains negative; v, some strains positive, some negative; NT, not tested.
°R, MIC > 20 pg/mL: S, MIC < 0.6 pg/mL.
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Streptococcus pyogenes (Group A)

Suppurative Infections

Pharyngitis: reddened pharynx with exudates generally present; cervical
lymphadenopathy can be prominent

Scarlet fever: diffuse erythematous rash beginning on the chest and
spreading to the extremities; complication of streptococcal pharyngitis

Pyoderma: localized skin infection with vesicles progressing to pustules;
no evidence of systemic disease

Erysipelas: localized skin infection with pain, inflammation, lymph node
enlargement, and systemic symptoms

Cellulitis: infection of the skin that involves the subcutaneous tissues

Necrotizing fasciitis: deep infection of skin that involves destruction of
muscle and fat layers

Streptococcal toxic shock syndrome: multiorgan systemic infection
resembling staphylococcal toxic shock syndrome; however, most
patients are bacteremic and with evidence of fasciitis

Other suppurative diseases: variety of other infections recognized includ-
ing puerperal sepsis, lymphangitis, and pneumonia

Nonsuppurative Infections

Rheumatic fever: characterized by inflammatory changes of the heart
(pancarditis), joints (arthralgias to arthritis), blood vessels, and subcuta-
neous tissues

Acute glomerulonephritis: acute inflammation of the renal glomeruli with
edema, hypertension, hematuria, and proteinuria

Streptococcus agalactiae (Group B)

Early-onset neonatal disease: within 7 days of birth, infected newboms
develop signs and symptoms of pneumonia, meningitis, and sepsis
Late-onset neonatal disease: more than 1 week after birth, neonates

develop signs and symptoms of bacteremia with meningitis
Infections in pregnant women: most often present as postpartum endo-
metritis, wound infections, and urinary tract infections; bacteremia and
disseminated complications may occur
Infections in other adult patients: most common diseases include bac-
teremia, pneumonia, bone and joint infections, and skin and soft-tissue
infections

Other B-Hemolytic Streptococci

Abscess formation in deep tissues: associated with S. anginosus group

Pharyngitis: associated with S. dysgalactiae; disease resembles
that caused by S. pyogenes; can be complicated with acute
glomerulonephritis

Viridans Streptococci

Abscess formation in deep tissues: associated with S. anginosus group
Septicemia in neutropenic patients: associated with S. mitis group
Subacute endocarditis: associated with S. mitis and S. salivarius groups
Dental caries: associated with S. mutans group

Malignancies of gastrointestinal tract: associated with S. bovis group

IC mallakdiniig sidhan ~allaldingd
(0. GanOiyuCus SUGSP. Gandryucus)

Meningitis: associated with S. gallolyticus subsp. pasteurianus, S. suis,
and S. mitis group

WMIS pneumoniae

Pneumonia: acute onset with severe chills and sustained fever; productive
cough with blood-tinged sputum; lobar consolidation

Meningitis: severe infection involving the meninges, with headache, fever,
and sepsis; high mortality and severe neurologic deficits in survivors

Bacteremia: more common in patients with meningitis than with pneumo-
nia, otitis, media, or sinusitis; overwhelming sepsis in asplenic patients

Enterococcus faecalis and Enterococcus faecium

Urinary tract infection: dysuria and pyuria, most commonly in hospitalized
patients with an indwelling urinary catheter and receiving broad-
spectrum cephalosporin antibiotics

Peritonitis: abdominal swelling and tendemess after abdominal trauma or
surgery; patients typically are acutely ill and febrile and have positive
blood cultures; typically a polymicrobic infection

Bacteremia: associated with either a localized infection or endocarditis

Endocarditis: infection of the heart endothelium or valves; associated with
persistent bacteremia; can present acutely or chronically

\FA
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Organism
Streptococcus
S. agalactiae

S. anginosus
S. constellatus

S. dysgalactiae

S. gallolyticus

S. intermedius

S. mitis

S. mutans

S. pneumoniae
S. pyogenes

S. salivarius
Enterococcus
E. faecalis

E. faecium

E. gallinarum

E. casssliflavus

streptus, pliant; coccus, grain or berry (a pliant berry or
coccus; refers to the appearance of long, flexible
chains of cocci)

agalactia, want of milk (original isolate [called

S. mastitidis] was responsible for bovine mastitis)
anginosus, pertaining to angina

constellatus, studded with stars (original isolate
embedded in agar with smaller colonies surrounding

the large colony; satellite formation does not occur
around colonies on the surface of an agar plate)

dys, ill, hard; galactia, pertaining to milk (loss of milk
secretion; isolates associated with bovine mastitis)
gallatum, gallate; lyticus, to loosen (able to digest or
hydrolyze methyl gallate)

intermedius, intermediate (initial confusion about
whether this was an aerobic or an anaerobic
bacterium)

mitis, mild (incorrectly thought to cause mild infections)

mutans, changing (cocci that may appear rodlike,
particularly when initially isolated in culture)

pneumon, the lungs (causes pneumonia)

pyus, pus; gennaio, beget or producing (pus producing;
typically associated with formation of pus in wounds)

salivarius, salivary (found in the mouth in saliva)
enteron, intestine; coccus, berry (intestinal coccus)
faecalis, relating to feces

faecium, of feces

gallinarum, of hens (onginal source was intestines of
domestic fowl)

casseli, Kassel’s; flavus, yellow (Kassel's yellow)
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Corynebacterium YoV
Corynebacterium diphtheriae Club-shaped rods that form metachromatic Toxigenic strains—diphtheria N’
granules; black colonies on tellurite media Nontoxigenic strains—bacteremia, endocarditis
Corynebacterium ulcerans Grayish white colonies; urease positive Toxigenic strains may cause diphtheria
Corynebacterium pseudotuberculosis Yellowish white colonies; urease positive Toxigenic strains may cause diphtheria
Corynebacterium striatum Hospital-acquired infections, esp. lower
respiratory
Corynebacterium Produces urea; multidrug resistant Encrusted cystitis and pyelitis
Corynebacterium jeikeium Grayish white colonies; multidrug resistant Bacteremia and other infections in
immunocompromised hosts
Arcanobacterium hemolyticum Catalase negative coccobacilli; B-hemolytic Pharyngitis; wound infections; septicemia
Rothia
Rothia dentocariosa Branching filaments Abscesses; endocarditis
Rothia mucilaginosa Coccoid morphology; whitish colonies Bacteremia, endocarditis in injection drug users
and immunocompromised patients
Listeria monocytogenes Short, thin, gram-positive rods; catalase-positive Foodborne gastroenteritis in immunocompetent
motile, non-spore-forming; exhibit hosts; neonatal sepsis and meningitis;
B-hemolysis postpartum infections; meningoencephalitis,
bacteremia, septicemia in immunocompromised
patients
Erysipelothrix rhusiopathiae Appears singly, as short chains or branching Erysipeloid; bacteremia; endocarditis
filaments; a-hemolytic on blood agar;
produces H,S
Nocardia
Nocardia brasiliensis Thin, branching, and beaded modified acid-fast Cutaneous lesions associated with trauma
paositive rods; yellowish wrinkled colonies including mycetoma
Nocardia abscessus Thin, branching, and beaded modified acid-fast Pulmonary and brain abscesses
positive rods
Nocardia nova complex Thin, branching, and beaded modified acid-fast Several species in this complex associated with a
positive rods broad range of dinical syndromes
Nocardia transvalensis complex Thin, branching, and beaded modified acid-fast Pulmonary and brain abscesses
positive rods
Nocardia farcinica Thin, branching, and beaded modified acid-fast Among the most resistant Nocardia sp., this
positive rods; smooth colonies that turn orange pathogen causes disseminated disease esp. in
immunocompromised patients
Nocardia asteroides Thin, branching, and beaded modified acid-fast Infrequent cause of infections
positive rods; chalky white colonies
Nocardia cyriacigeorgica Thin, branching, and beaded modified acid-fast Most common Nocardia sp. in clinical material;

paositive rods; powdery colonies with aerial
hyphae

respiratory infections, wounds, brain abscess
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} Organism General Characteristics Disease Associations
"1 Rhodococcus equi Coccoid organisms that are modified acid-fast Pneumonia, often with cavity formation in
: positive; salmon pink smooth colonies immunocompromised patients
Actinomadura
Actinomadura madurae Thin, short, branching filaments; appear as grains Mycetoma (Madura foot)
in tissue; colonies are wrinkled and may have
color
Actinomadura pelletieri Thin short branching filaments; appear as grains in Mycetoma
tissue; colonies are wrinkled and may have color
Streptomyces somaliensis Acid-fast negative; colonies appear wrinkled with Mycetoma
aerial hyphae
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Listeria monocytogenes
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Erysipelothrix rhusiopathiae

Lactobacillus sp.

Corynebacterium sp.

B-Hemolysis . =
Catalase - 4
Motility +
Acid from
Glucose + -+ +
Mannitol - i
H2S Production ~ + o
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bacillum, a small rod

B. anthracis  anthrax, charcoal, a carbuncle (refers to the black necrotic
wound associated with cutaneous anthrax)

B. cereus cereus, waxen, wax-colored (refers to colonies with a
typical dull or frosted-glass surface)
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Property B. anthracis B. cereus B. mycoides B. thuringiensis
Capsule formation Variable - - -
Agglutinated by Glycine max lectin + - - -
Hydrolysis of p-nitrophenyl-3-0-N-acetylglucosamine - + - +
Sensitivity to penicillin Sensitive Resistant Resistant Resistant
Motility - + - +
B-hemolysis on sheep blood agar Variable Variable Variable Variable
Growth at 45C Slight Rapid None Slight
Enhanced hydrolysis of p-nitrophenyl-a-o-glucoside + - - =
in presence of 1% Triton X-100
Percentage G + C 32-40 32-40 32-40 32-40
Lysis of bacteriophage - - Variable -
Pathogenesis in animals (skin reactions) - + - +
MH* MH MH MH

Colonial morphology
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C. botulinum
C. difficile

C. perfringens
C. septicum

C. sordellii

C. tertium

C. tetani

sl e Slopga S NV Jgor

closter, a spindle

botulus, sausage (the first major outbreak was
associated with insufficiently smoked sausage)
difficile, difficult (difficult to isolate and grow; refers to
the extreme oxygen sensitivity of this organism)
invasive tissue necrosis)

septicum, putrefactive (associated with sepsis and a
high mortality)

sordellii, named after the bacteriologist Sordelli, who first
described the organism

isolated anaerobe from war wounds)

tetani, related to tension (disease caused by this
organism characterized by muscle spasms)
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( b Y Lipopolysaccharide ™~ |
YYa P O side chains (O) /‘ /

Flagella (H)

-
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. L e m t ¥ ~% Y‘u-“ ~ Cell envelope (cytoplasmic membrane,
) way N peptidoglycan, outer membrane)
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Organism Human Disease
Vibrio cholerae serogroups Epidemic and pandemic
0O1and 0139 cholera
Vibrio cholerae serogroups Cholera-like diarrhea;
non-O1/non-0139 mild diarrhea; rarely,

extraintestinal infection

Vibrio parahaemolyticus Gastroenteritis, wound
infections, septicemia

Vibrio vulnificus Gastroenteritis, wound
infections, septicemia
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Organism Historical Derivation

Vibrio vibrio, move rapidly or vibrate (rapid movement
caused by polar flagella)

V. cholerae cholera, cholera or an intestinal disease
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