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Streptococcus pneumoniae, Staphylococcus aureus,
Enterococcus faecium

E. coli, Pseudomonas aeruginosa
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Community-aquired bacteremia
Nosocomial bacteremia
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TABLE 36-2 Most Common Organisms Associated

with Nosocomial Bacteremias
e R e e e T T

Percentage of Bacteremias
Organism (N = 20,978)

Coagulase-negative staphylococci
Staphylococcus aureus
Enterococcus spp.

Candida albicans

Escherichia coli

Klebsiella spp.

Pseudomonas aeruginosa
Enterobacter spp.

Serratia spp.

Acinetobacter baumannii
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Staphylococcus aureus
Escherichia coli
Coagulase-negative staphylococci
Enterococcus spp.

Candida albicans

Pseudomonas aeruginosa
Kiebsiella pneumoniae

Viridans streptococci
Streptococcus pneumoniae
Enterobacter cloacae

Proteus spp.

Beta-hemolytic streptococci
Anaerobic bacteria-Bacteroides and Clostridium spp.




Viridans streptococci*®

Nutritionally deficient streptococci (Abiotrophia spp. and Granulicatella spp.)
Enterococci*

Streptococcus bovis

| Staphylococcus aureus™

Staphylococci (coagulase-negative)

Enterobacteriaceae

Pseudomonas spp. (usually in drug users)

Haemophilus spp., particularly H. aphrophilus

Unusual gram-negative bacilli (e.g., Actinobacilius, Cardiobacterium, Eikenella, Coxiella burnetii)
Yeast

Other (including polymicrobial infectious endocarditis)

*Most common organisms associated with native valve endocarditis in non-drug-using adults.
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Figure 52-2 Short-term,
triple-lumen central venous

catheter. The ends from whic
the catheter is accessed are
usually referred to as the
hubs. After the catheter is
inserted, the tip resides
within the bloodstream.




Figure 52-3 Possible routes by which
microorganisms gain access to the bloodstream
to cause intravenous catheter-associated
bacteremias. (Modified from Elliott TS: PHLS
Catheter Communicable disease report: line-associated
bacteraemias, CDR Review 3:R91, 1993.)

Contaminated Contaminated
Hospital staff ——® entry port infusate

Hospital staff EXTRALUMINAL
o INTRALUMINAL
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microflora SPREAD

Skin
attachment

Dressing

—

Subcutaneous Blood
tissue vessel

HAEMATOGENOUS
<«— SPREAD

Catheter tip contaminated
on insertion through skin




BOX 52-3 Common Agents of IV Catheter-ﬂssnclated
Bacteremia

1

Staphylococcus epidermidis

Other coagulase-negative staphylococci
Staphylococcus aureus
Enterobacteriaceae

Pseudomonas aeruginosa

Candida spp.

Corynebacterium spp.

Other gram-negative rods
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Thrombocytopenia =

Leukocytocis or Leukopenia =

Lactic acidosis =

Hypoglycemia or Hyperglycemia =

Hyperbilirubinemia =

Coagulopathy =

Elevation in CRP/haptoglobin/fibrinogen =
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Peptone broth
Trypticase soy broth
Thioglycolate broth
Brucell broth

BHI broth

Columbia broth

Cooked meat broth
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Figure 52-5 Becton Dickinson Septi-Chek pediatric-size
biphasic blood culture bottle. The medium-containing base
bottle is inoculated with blood, and the top piece containing agar
paddles is added in the laboratory. The agar is inoculated by
tipping the bottle to allow the blood-containing medium to flow
over the agar.

Figure 52-6 Lysis centrifugation blood culture (Isolator
System, Wampole Laboratories) uses vacuum-draw collection
tubes with a lysing agent and special apparatus (Isostat Press) ic
facilitate removal of the supernatant without use of needles.
(Courtesy Wampole Laboratories, Cranbury, NJ.)
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Figure 52-4 Standardized blood collection and blood
culturing system (Becton Dickinson). Blood culture procedural
lray consists of instructions, gauze pads, alcohol prep pad, latex-
free tourniquet, Vacutainer brand standard needle holder and
Safety-lok blood collection set, blood culture media, latex-free
gloves, and Persist Skin Prep Swab.
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Figure 52-7—cont’d D, The BacT/ALERT continuously monitoring blood culture system. E, Blood culture
bottles for Trek Diagnostic Systems, Inc., ESP Culture System II continuous monitoring instrument.




Figure 52-7 A, Blood culture
bottles for the BACTEC 9240,
9120, and 9050 continuous
monitoring instruments. B, The
BACTEC 9240 continuous
monitoring blood culture system
C, Blood culture bottles for the
BacT/ALERT continuous
monitoring blood culture
instruments.
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000 schematic. (Courtesy Becton Dick
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Haemophilus aphrophilus

Actinobacillus actinomycetem. comitans

Cardiobacterium hominis

Eikenella Corrodens

Kingella Kingae

Campylobacter s,
Capnocytophaga
Rothia dentocariosa
Flavobacterium
Chromobacterium
Borelia

Leptospira

Abiotrophia(streptococcus

adjacens
defectivus )

Streptococcus

Mycoplasma homins

Bartonella




TABLE 18-4 Summary of Key Reactions and Characteristics of HACEK and Capnocytophaga Species

W
Comments

Oxidase Glucose Maltose Sucrose Lactase

Aggregatibacter aphrophilus Vv + " 3 P
Gram stain: small coccobacillus

Colony morphology: raised, convex,

granular, yellowish

Aggregatibacter actinomycetemcomitans

Gram stain: very small coccobacillus

Colony morphology: small colonies that

adhere to agar

Cardiobacterium hominis indole+
Gram stain: straight bacilli, spindles, rosettes
Colony morphology: smooth, opaque,
adherent to agar

Eikenella corrodens Smells like bleach
Gram stain: straight bacill Ornithine+
Colony morphology: usually pits the agar
Kingella kingae

Gram stain: coccoid to straight bailli,
¢chains and pairs, square ends

Colony morphology: 2 types—spreading
and corroding or smooth and convex
p-hemolysis under colony

Capnocytophaga spp.
Gram stain: long, thin bacilli; tapered ends

Colony morphology: flat colonies, irregular
in shape, may appear purple

Nitrate—

+, Positive; — negative; V variable.
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FIGURE 18-16 Gram stain of Cardiobacterium hominis < L= i SN
showing typical “rosettes” (x1000). BTN s R
FIGURE 18-12 Aggregatibacter aphrophilus growing on
sheep blood agar (SBA).




FIGURE 18-14 Aggregatibacter actinomycetemcomitans on
sheep blood agar (SBA). The star-shaped centers of the colo-
nies are not usually evident until after 48 hours of incubation
and are best observed using a x100 magnification (light micro-

scope) or a stereomicroscope.




FIGURE 1B-16 Gram stain of Cardiobacterium hominis
showing typical “rosettes” (x1000).

FIGURE 18-15 Growth of colonies of Cardiobacterium hominis
over 48 hours on sheep blood agar (SBA).




nella corrodens on chocolate
re 18-20)

FIGURE 18-17 Growth of Eike

(Compare with Figu

(CHOCQ) agar.
(x1000).




FIGURE 18-19 Gram stain of Kingella kingae illustrating the : 7 tibact
plump bacilli in chains. Compare with the other members of Fliggihi}g‘:: : g(;'g)m stain morphology of Aggregatibacter
the HACEK group (x1000). By 2phrop .
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FIGURE 18-24 Brucella melitensis colonies on sheep blood
agar (SBA) appear smooth, raised, and transiucent. (From the
CDC Public Health Image Library. Available at: http:// www.phil
.cdc.gov/phil. Courtesy Larry Stauffer, Oregon State Public
Health Laboratory.)



TABLE 18-6 Differential Characteristics of Brucella Species Associated with Human Infections

Inhibition of Growth
in Dyes

B Serum Agglutination
Brucella Species  Natural Hosts (Patient Antibodies) H.S (Lead Acetate} Urease CO, (Enhanced Growth) Thionine  Fuchsin

B. melitensis Goat or sheep v i -3
B. abortus Cattle +<2 hours +/— -
B. suis Swine +<0.5 hour -
B. canis Dogs +<0.5 hour -

CO;, Carbon dioxide; H.5, hydrogen sulfide; +, >90% positive; —, >30% negative; +/-, mare positive than negative; V/ variable.

TABLE 18-7 Differential Characteristics for the Identification of Brucella from Similar Organisms

Bordetella Psychrobacter Oligefia
Test Brucella spp. bronchiseptica Acinetobacter spp.  phenylpyruvicus* ureolytica

Oxidase * e
Motility
Urea hydrolysis

Nitrate reduction
Tiny ccb stains faint Small ccb, badilli  Broad ccb Broad cch Tiny ccb Small ccb

Growth SBA

Cellular morphology : ; ‘ _ :

Specimen sof’lrce Blood, bone marrow  Respiratory tract  Various sites Various sites Urinary tract  Mucous membra
- o - - +

X or V factor =
requirement

+

e CDC. Presumptive Brucella spp. identification and similar organistms. Available at: http:/Avww.bt.cdc. gov/documents/PPTResponse/tableSbrucellaid p
rom . :

2013. e ilus:
fc;?;:g ;J:agt?vse T 590% negative; / variable (11%-89% positive); ccb, coccobadillus; S84, sheep blood agar.
*Formerly Moraxella phenylpyruvica. B. canis is 72% positive.

*g. abortus, B. melitensis, and B. suis are 295% positive;




Haemophilus influenzae
and

Antimicrobial susceptibility Test







Box 9-1 Members of the Genus Haemophilus

‘Human Species ___Animal Species

H. influenzae* H. parasuis (swine)

H. parainfluenzae H. paragallinarum (poultry)
H. haemolyticus H. paracuniculus (rabbits)
H. parahaemolyticus H. haemoglobinophilus (dogs)
H. aphrophilus H. felis (cats)

H. paraphrophilus

H. paraphrophaemolyticus

H. segnis

H. ducreyi

“Includes the former species H. aegyptius as H. influenzae biogroup
aeevptius.




TABLE

a8 Key Biochemical and Physiologic Characteristics of Haemophilus spp.

5 5 -
m
g < :9
w0
28 5 2
: s x| BB | o 9 | &
0 9 S % o n o o [} 0 o
5 Q 0 T ) 3 (o] 9} 5 g ?’
o A & o o % 0 0 o
5 L | L o T q 3 = S |1 § -
s [ o e o i wa  d a - R
Haemophilus influenzae jo | 4 %4 + = + + x 5
e R e e = = o I T T— e e | ._!_._._
Haemophilus aegypr;u«: + - + B -~ 3 = = =7 i
Haemophilus haemolyticus o o R e B + v - = ‘1 R
Haemoph:!us parahaemolyticus - | + + e e + Z R
Haemop hilus paramﬂuenzae + - v R ik + (Rt + 5 ht _\; :
Haemoph;ius pittmaniae =) [ + 4 - + - - - \ T_ 3
Haemophrfus paraphrohaemoiyncus DRl + 4 - + S + S
=S BT |
H. ducrey; i o = = = v - —~ = \ &
A aphrophf!us + v = = + NA | NA + i
e

¢ >80% of strains positive; —, >90% of strains negative; v, indicates a variable reaction; w; indicates a weak reaction.

*Delayed reactions in some strains.
Data compiled from Versalovic
Identification of unusuél pathogenic G

J: Manual of clinical microblology, ed 10, Washington, DC, 2011, ASM Press;, Weyant RS, Moss CW, Weaver RE, et al, editors:
gram-negative aerobic and facultatively anaerobic bactenia, ed 2, Baltimere, 1996, Willams & Wilkins.




for Differentia

CHARACTERISTIC  HAEMOPHILUS

ACTINOBACILLUS

PASTEURELLA

MANNHEIMIA

LONIPINELLA

PHOCOENOBACTER

Hemolysis \Y

\i

\

Catalase

v

+

v

+
\

+

v
Oxidase \'
\%

Requirement for
X factor

Requirement for
V factor

Indole

Urease

Acetoin production

0DC

Acid produced from:

Glucose

L-Arabinose

Meso-inositol

D-Mannitol

D-Mannose

D -Melibiose

D -Sorbitol

Trehalose =

“ H. aphrophilus and H. ducreyi are negative.
bP. avium is indole-negative.

+, positive reaction; —, negative reaction; V, variable reaction; NA, data not available.




TABLE 18-1 Infections Caused by
Haemophilus influenzae

Encapsulated Strains Nonencapsulated Strains

Otitis media with effusion
Conjunctivitis

Sinusitis

Bacteremia

Pneumonia®*

Septicemia
Septic arthritis
Meningitis
Osteomyelitis
Cellulitis
Pericarditis
Pneumonia
Epiglottitis

*Nontypable (nonencapsulated) strains cause lower respiratory tract
infections primarily in elderly patients and individuals with underlying

respiratory tract problems, including cystic fibrosis.

tream invasion and bacteremic spread

asion, and replication of this organism in
stiff neck, and

signs arc usually preceded by mild respiratory

by serotype b. Bloods

follow colonization, inv
the respiratory mucous membranes. Headache,

other meningeal
disecase.
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Figure 9-1 Structure of the repeating unit of the Haemophilus
influenzae type b capsular polysaccharide polyribose-ribitol-
phosphate (PRP). This molecule consists of the five-carbon
monosaccharide ribose, linked by an ester bond to ribitol, a five-
carbon sugar alcohol which, in turn, is linked to a phosphate group.




_aboratory Diagnostic of haemophilus infection

Gram stain
Detection of type B capsular antigen.

Culture of Haemophilus species:

chocalate Agar
GC Agar + IsoVitalex (Proteose peptone, corn strach
monobasic and bibasic phosphate buffers, sodium chloride + NAD

Haemophius Isolation Agar (beef heart infusion peptones, yeast

extract, hors blood 5% (X, V factors) Bacitracin (300 ug/ml)



Staphylococal streak technique




|dentification Procedures

























TABLE 18-2 Differential Tests for Haemophilus and Aggregatibacter Species
B e e e e e B s T, T BB B ey e o T S5 7= .7 =i s

Hemalysis Carbon
(Marse,  Dioxide

Rabbit  Enhances
Oxidase Catalase Blood)  Growth ONPG Glucose Sucrose Mannose Fructose Mannitol Maltose Xylose Lactose Nitrate Esculin  Owithine  Indole Urea

Factor X+, V+, Porphyrin—
= See biotype chart

H. influenzae +
H. haemolyticus +

Factor X-, V+, Porphyrin+
H parainflusnzae 3

H. parahaemolticus i

H. paraphrohaemolyticus

A. segnis

Factor X+, V-, Porphyri

H. ducreyl =
Factor X-, V-, Porphyrint

A. aphrophilus* - - - + v + e
ONPG, {J;nrﬁopheny!-p-n-gaiacmpyranosde; +, >30% positive; -, >30% negative; +/-, more positive than regative; V, variable; W, weak reception.

*On initial isolation, may appear to be hemin dependent,

e




Characteristics for Identification of Human Haemophilus Species

REQUIREMENT FOR: ) o INpoLE  UREASE  ORNITHINE AciD PRODUCTION FROM: -

SPECIES _ .
BIOTYPE Hemoysis - X |4 Test  Test Test DECARBOXYLASE ~ GLUCOSE SUCROSE LACTOSE FRUCTOSE RIBOSE ~ XYLOSE MANNOSE.
H. influenzae e
Biotype I - + + - + T+ + + - - - + + =
Biotype Il - + + - + + = + = - - + + -
Biotype III* B +. + = - + - + - - = + + -
Biptype IV = + + = = + + + = 5 =~ + + -
Biotype V - + + = + = + + - - - + i -
Biotype VI = + + = = = + + - - - + i -
Btotype VII &= + + = + - - + - - -— + + -
Biotype VIII ~ + + = - - - + - - - + + =
Biogroup aegyptius - + + = = + i + - - - v - -
H. parainfluenzaet '
Biotype | = - + + . - + + + - + = - +
Biotype II - = + + = + + + + B + = - +
Biotype Il = - + + - + - + + - + - - +
Biotype IV = - + + + + + + + = + NA - +
Biotype VI - - + + + - + + + - + ‘NA NA v
Biotype VII = - + + + + - + + - NA - - NA
Biotype VIII = = + + + - = + + - NA - - NA
H. haemolyticus + + + . v + = + - - ny + v -
H. parahaemolyticus + - + + - + v + + - + - - -
H. segnis = - + + - = - + 4 = v = — -
H. aphrophilus & = - + - - - + + + + + = G
H. paraphrophilus - - + + - - - + o+ i " + = +
H. paraphrophaemolyticus + - + + = + - - - i - - e
H. ducreyi + + - - - - - . - - - - - -

L

+, positive; —, negative; +¥, weak positive; v, variable; NA, not available
* Biotyping reactions are identical with those of H. influenzae biogroup aegyptius, but the biogroup aegyptius strains are xylose-negative
1 Biotype V strains of H. parainfluenza are identical to H. segnis. :
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