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* E.coli ATCC 25922 Gram-negative rods, pink
* S.aureus ATCC 25923 Gram-positive cocci, deep violet
» S.epidermidis ATCC 12228
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*» Fig. 6.2 Smear preparations by swab roll (A) and pipette deposition
(B) of a patient specimen on a glass slide.
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Table 3.2.1-1 Gram stain modifications, recommended reagents, timing, and uses

Hucker's Carbol fuchsin Kopeloff's
Stain and use
Reagent Reagent Time Reagent Time
Initial stain Crystal violet Crystal violet 30s  Alkaline crystal violet: flood ~ 2-3 min
with solution A; add 5
drops of solution B
lodine Gram'’s 10dine Gram'’s 1odine 30s Kopeloff's iodine 22 min
Decolorizer Acetone-alcohol 95% ethanol ~30s 3:7 acetone-alcohol: nnse
immediately after applying
Counterstain Safranin® Carbol fuchsin or 0.8% basic 2] min  Kopeloff's safranin 10=30 s
fuchsin
Recommended use  General bactenology Bacteroides spp. Anaerobes
Fusobacterium spp. Diagnosis of bacterial vagi-
Legionella spp. nosis (Appendix 3.2.1-3)
Campvlobacter spp.

Brucella spp. and other
faintly staiming Gram-neg-
ative organisms

* O, preferably. use 0.1 to 0.2% basic fuchsin as a counterstain (3).

Artivate Windnwe
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Table 3.2.1-4 Common descnptions of bactenal Gram staining charactenstics

Bactenal Gram staining
charactenstics

Common descriptions

Staiming charactenstics
Predominant shapes
Ends of cells®

Si1des

Axis

Pleomorphism®
Relative sizes

Owverall

Length
Width

Pleomorphic
Characteristic arrangements

Even, bipolar, beaded, suppled, barred, wrregular
Round, coccoid, coccobacillary, rod, filament, yeastlike

Rounded, pointed, tapered, fattened, clubbed (swollen),

concave
Parallel, ovoid (bulging), concave, irregular
straight, curved, spiral

Variation in shape

Minute or tiny (<20.3 pm), small (~0.3=0.5 pm). medium,

or large

Short (~0.5=1 pm), medium, long, or hilamentous
( 10=30 pm)

Thin, medium, or thick

Varnation 1n si1ze

Singles, pairs, chains, tetrads, clusters, palisades, Chinese
letters, packets, angular forms (V and L shapes), ete.

16



Table 3.2.1-5 Reporting Gram stain results®

Enumeration of cells under Description of the Enumeration of bacteria under oil Description of the morphology
low-power objective® types of cells to report immersion objectives of bacteria?
Count each type of cell and report: ECs Count bacteria and yeasts from Gram positive
I+ (rare or occasionaly: < 1/LPF PMMNs arcas associated with cells and Cocel in pairs (and chains)
2+ (few): 1=-9/LPF RBCs report: Cocei in clusters
3+ (moderate): 10=25/LPF Host cellular material 1+ (rare or occasional): < L/OIF Large bacilli
4+ (heavy): =25/LFF 2+ (few): 1=5/0IF Small bacilli
3+ (moderate): 6~30/0IF Branching bacilli
4+ (heavy): =30WOIF Coryneform bacilh
Gram negative
Diplococcei
Bacilli
Bacilli. filamentous
(or pleomorphic)

Gram variable: coccobacilli
Budding yeast cells
Pseudohyphae
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4. Quantitate organisms as follows:

10-20 per oil immersion field

610 per oil immersion field

3-5 per oil immersion field

Fewer than 10 identified on
complete smear

5. Quantitate cells (WBCs, RBCs, and epithelial cells) as

4+

3+
2+
1+

25 or more per low-power field
10-25 per low-power field

2=10 per low-power field

Fewer than 2 per low-power field
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* Fig. 63 Gram stain procedures and principles. (A) Gram- bacteria observed u oil imm
appear purple. (B) Gram-negative bacteria observed under oil immersion appear pink. (Modified from Atlas
RM. Principles of Microbiology. St. Louis: Mosby; 2006.)
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* Fig. 6.7 Gram stains of direct smears can reveal infectious etiologies
other than bacteria, such as the yeast Candida tropicalis.
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ffrom solig (direct smears| Viifhonela
reselia) Cardiobacterium Acitlaminocoreus
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Figure 3.2.1-4 Typical Gram stain morphologies of Gram-negative genera. , -
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Oxidase positive

ASM MicrobeLibrary ©

Oxidase-positive Vibrio cholerae showing purple
colonies, and oxidase-negative Escherichia coli with
lack of color change
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Gram stain morphology

Gram-positive cocel  Gram-positive bacilli ~ Gram-negative bacilli Gram-negative diplococci

I I

Catalase Spores Growth on Growth on Thayer-
1 1 MacConkey agar Martin agar
+ - + - f 1 1

Staphylococei Streptococc Bacillus spp. + - + -
or Enterobacterales  Haemaphilus spp. Pathogenic Other
anterococci Pssudomonas spp. Brucedla spp. Neisseria spp. Neisseria spp.

Legionela spp.

Catalase
I |

Gm}mtmﬂarhmspp Lmhba:ihspp
Actinomyces spp.

Oxidase

Pssudomonas spp.  Enterobacterales
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Table 4C. Disk Diffusion Reference Guide to QC Frequency

This table summarizes the suggested QC frequency when modifications are made to antimicrobial susceptibility test systems (refer to CLSI

document EP23™). It applies only to antimicrobial agents for which satisfactory results have been obtained with either the 15-replicate

(3- x 5-day) plan or 20 or 30 consecutive test day plan. Otherwise QC is required each test day.

Test Modification

1 Day

5 Days

Recommended QC Frequency
15-Replicate Plan or

20- or 30-Day Plan

Comments

Use new shipment or lot number.

X

Use new manufacturer.

X

Addition of new antimicrobial agent to

Use new shipment or lot number.

X

X

existing system. In addition, perform in-house verification studies.
Media (prepared agar plates)

Use new manufacturer.

Inoculum preparation

Convert inoculum preparation/
standardization to use of a device that has
its own QC protocol.

X

Example:

Convert from visual adjustment of turbidity to use of a

photometric device for which a QC procedure is
provided.

Convert inoculum preparation/
standardization to a method that depends
on user technique.

Example:

Convert from visual adjustment of turbidity to another
method that is not based on a photometric device.
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Change method of measuring zones. Example:
Convert from manual zone measurements to
X automated zone reader.
In addition, perform in-house verification studies.
Software update that affects AST results X Monitor all drugs, not just those implicated in software
modification.
Repair of instrument that affects AST Depending on extent of repair (eg, critical component
results X such as the photographic device), additional testing
may be appropriate (eg, 5 days).
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Table 1A. Suggested Groupings of Antimicrobial Agents Approved by the US Food and Drug Administration
for Clinical Use That Should Be Considered for Testing and Reporting on Nonfastidious Organisms by

Microbiology Laboratories in the United States

Group & Includes antimicrobial agents considered appropriate for inclusion in a routine, primary testing panel, as well as for routine reporting of
results for the specific organism group.

Enterobacterales Pseudomonas aeruginosa Staphylococous spp. Enterococcus spp.*

Ampicillin® Ceftazidime dzithromycin® or Ampicillind
Cefazolin' Gentamicin clarithromycin® or Penicillin®
Tobramycin erythromycin®

Gentamicin® Fiperacillin-tazobactam Clindamycin®
Tobramycin® Oacillin:htl=
Cefoxitin®® (surrogate test for oxacilling
Penicillint
Trimethoprim-sulfamethoxazole
Group B: Includes antimicrobial agents that may warrant primary testing but may be reported only selectively, such as when the organism is resistant
to agents of the same antimicrobial class in Group A
Amikacin® Amikacin Ceftaroline™
Amaoxicillin-clavulanate Aztreonam Daptomycin'® Linezolid
Ampicillin-sulbactam Tedizolid®
Azithromycinf
LCefrazidime-avibactam Cefepime Linezolid Yancomycin
Ceftolozane-tazobactam Ceftazidime-avibactam Tedizolid®
Imipenem-relebactam Imipenem- relebactam
Meropenem-vaborbactam Ceftolozane-tazobactam
Piperacillin-tazobactam
Cefuroxime Ciprofloxacin Doxycycline
Levofloxacin Minocycline®
Cefepime Doripenem Tetracyclimed
Imipenem Lefamulin®
Cefotetan Meropenem Vancomycin'
Cefoxitin
Cefotaxime® or
Ceftriaxone®
Cefiderocol Cefideroscol
Ciprofloxacin® Rifamipin’
Levofloxacin®
Doripenem
Ertapenem
Imipenem
MeETopenem
Trimethoprim-sul famet hoxazole®




Table 1A. (Continued

Group C: Includes alternative or supplemental antimicrobial agents that may require testing in institutions that harbor endemic or epidemic strains
resistant to several of the primary drugs, for treatment of patients allergic to primary drugs, for treatment of unusual organisms, or for reporting to

infection prevention as an epidemiological aid.

Enterobacterales Pseudomonas aeruginosa Staphylococcus spp. Enterococcus spp.*
Aztreanam Chloramphenicol® Gentamicin {high-level
Ceftazidime resistance testing onkby)

Ciprofloxacin or Streptomycin (high-level
Ceftaroline levofloxacin resistance testing only)
Chloramphenicol®~ Moxifloxacin
Tetracyclingd
Dalbavancin'
Gentamicint Oritavancin'
Dalbavancin'™ Telavancin'
Oritavancin"™
Telavancin'™
Group U: Includes antimicrobial agents that are used only or primarily for treating UTls.
Cefazolin Hitrofurantoin Ciprofloxacin
(surrogate test for uncomplicated LTI Levofloxacin
Fosfomycin® Sulfisoxazole
Hitrofurantain Trimethaprim Fosfomycin®
Sul fispxazole Hitrofurantoin
Trimethoprim Tetracycline®
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