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·Case 1/ Female, 42 y, breast CA.

ü Positive blood culture ĄGram stain. 

ü Yeast and Staphylococcus spp . were seen on the gram stained smear.

ü Empirical therapy was directly adjusted

·Case 2/ Male, 66 y, alcoholic,

ü Presented with pneumonia and epileptic attack. 

ü Ceftriaxone was started (P.S. amoxi-clav from the GP).

ü CSF Gram stain and culture (48 h incubation) were negative. 

ü Multiplex PCR was positive for Listeria monocytogenes . 

ü Antibiotic therapy was adjusted by adding amoxicillin and gentamicin.



Hans Christian Joachim Gram (1853-1938)



·Gram stain is  part of the standard protocol of many clinical specimens.

·Gram stain is performed on direct smears of primary clinical 
specimens , or on indirect smears from a growth medium.

· Total number direct Gram stained smears in Imelda labo 2018: 

ü 7.351

ü Time cost (+/- 45 minutes per day) Ą 270 hours per year .



2) What is the clinical 
impact of indirect
Gram stain on a 
subculture of a 
clinical specimen?

1) What is the clinical 
impact of direct Gram 
stain on a clinical 
specimen?



We have discussed direct smears and subcultures apart 
(literature/guidelines ):     

Á Analytical 

Á Diagnostic

Á Clinical impact

Á Organizational impact

Á Financial impact

×We have sent a questionnaire to 7 clinical laboratories. 

× Specimen smears with relatively high counts of bacteria for gram stain 
analysis were submitted to 5 of the 7 laboratories.



Direct Gram stain Indirect Gram stain

1.Pre-analytical
1.1.Patient related:

1.1.1.Prior use of antibiotic

1.1.2.Time to collect specimen

1.2. Sample related: 
1.2.1.Inappropriate specimen sampling

1.2.2 Incorrect trans port

1.2.3.Delayed transport

1.2.4 Sample contamination

1.3.Processing related: centrifugation, smear preparation, staining

2.Analytical   
2.1.Detection limit

2.2.Accuracy

2.3.Correlation

2.4.Precision

3. Quality factors
3.1.External quality control

3.2. Internal quality control

3.3. The competency testing

4.Diagnostic performance 

5.Clinical impact

6.Organazational impact 

7.Financial impact 



1.1.Patient related: 
1.1.1. Prior use of antibiotic 

1.1.2.Timeof specimens collection

1.2.Sample related:
1.2.1.Inappropriate specimen sampling

1.2.2.Effect transport medium

1.2.3.Delayed transport

1.2.4.Sample contamination

1.3.Processing related: 
1.3.1.Temperature

1.3.2.Centrifugation

1.3.3.Smear preparation

1.3.4.Diversity in Gram staining 



· Mucher DM et al, 2004 (105 pts. with pneumococcal pneumonia ):

Gram staining (open bars) and culture (shaded bars) for detection of S.pneumoniae in patients 
with proven pneumococcal pneumonia (Mucher DM et al Clin Infect Dis .2004.)

Culture

Gram



· Bohr V 1. et al:

ü Pre admission treatment with antibiotic may  hinder but not   

prevent the bacteriological diagnosis of meningitis

ü The diagnosis of meningococcal meningitis was mostly affected.

· Greenle2 et al.: 

ü Sensitivity in pt. with meningitis is 60%ɀ80% (without AB), much lower 40%ɀ60%     

(with AB).

· Nigrovic Le 3/ Blazer  S.4 et al.:

ü CSF cellularity and PMN are not significantly altered after AB.

1 Bohr V. et al. J Infect. 1983
2 Greenlee JEet al. Infect Dis Clin North Am. 1990
3 LiseE. Nigrovic et al.. Pediatrics Oct 2008
4 Blazer S. et al. Am J Clin Pathol. 1983



· Becker  1et al, 2011 : 

ü A prospective study including 110 children with parapneumonic effusion. 

ü 50% had received antibiotics at least 48 hours before pleural fluid analysis. 

ü It has a negative impact on the identification of bacteria by Gram (<0,027).

ü It did not interfere significantly with biochemical parameters of pleural fluid 
(pH, glucose, and LDH).

· No other studies available

1 Beckeret al. J Pediatr Surg. 2011

× Samples affected Ą CSF, pleural fluid, sputum.

× No data available Ą other samples



1.1.Patient related: 
1.1.1. Prior use of antibiotic 

1.1.2.Timeof specimens collection

1.2.Sample related: 
1.2.1.Inappropriate specimen sampling

1.2.2.Effect transport medium

1.2.3.Delayed transport

1.2.4.Sample contamination

1.3.Processing related: 
1.3.1.Temperature

1.3.2.Centrifugation

1.3.3.Smear preparation

1.3.4.Diversity in Gram staining 



· Fontana C. 1et al, 2009:

üQuality of smear from the ESwab(using 100 ʏÌof Amies medium) was superior to  

those obtained using the Amiesgel Transystem

1 Fontana C. et al. . BMC Res Notes. 2009



· Jeanne M . M.1et al/Mangels JI 2 et al./ Magee CM 3 et al.:

ü Methanol-fixed gram-positive bacterial cells were less sensitive to 

decolorization during the Gram staining procedure than were heat-fixed cells

1 Jeanne M.M. et al. . J  Biol. Teach. 2009
2 MangelsJI et al. Diagn Microbiol Infect Dis. 1984
3 Magee CM et al.Am J Surg. 1975



2.1. Detection limit

2.2. Accuracy

2.3. Correlation with culture

2.4. Precision 

: 104 to 105 organisms/ml



2.2. Accuracy: 

· Samuel LP 1et al, 2016: 

ü Misinterpretation was mostly with mixed infection or GPC.

. Samuel et a

·Q-Probesstudy 2 (positive blood cultures ):

ü Median discrepancy rate (1%)

ü Highest discrepancyrate (20.8%) for mixed cultures

(1 Samuel LP. et al.Clin Microbiol.2016

2 SchifmanRB. et al. Arch Pathol Lab Med. 2015

Reader error
(sputum, biopsies, wounds)



2.3. Correlation with culture: 
· Samuel LP 1et al: 

ü High correlation rate 94% cultures with (3+, 4+) colonies 

ü Less correlation (76%) with culture (2+) colonies

ü The lowest correlation (29%) cultures with (1+) colonies

(Lin

(1 Samuel LP. et al.Clin Microbiol.2016



2.4. Precision: 

· Precision ( Bartlett RC 1 et al.):

ü Preparation of suspensions of cells and bacteria that yielded identical   

smears.

ü Concordance of technologists' observations :

Bacterial identification category :  100%

Bacterial enumeration:  45-96%

Neutrophils :  72-78% 

Squamous cells:  68-78%

1 Bartlett RC et al. Am J Clin Pathol. 1979



Slide Sample 
type

Gram stain  
(Lab 1) 

Gram stain  
(Lab 2)

Gram 
stain  
(Lab 3) 

Gram stain  
(Lab4) 

Gram stain 
(Lab 5) 

Gram stain  
(Lab 6)

Culture

1 Perianal 
abscess

WBC+++

GNR+++
GPC rare

WBC ++
RBC ++
mixed flora 
+++

WBC+++ 
RBC++
GNR+++
GPC+++

WBC ++
RBC +
GNR++
GPC +

WBC +++
RBC ++
GNR+++
GPC++

WBC+++
RBC+++
GNR+++
GPC +

S.anginosus+++
S. agalactiae++
C. freundii (enrichment)
H.parainfluenzaeafew
B. fragilis+++

2 PLEC ++
WBC++
Mixed flora 
+++

GNR  rare
GPC ++
pneumococci?

PLEC ++
WBC ++
Mixed flora ++

PLEC+
WBC++

GNR++
GPC+++ 

PLEC +
WBC+

Yeast +

GNR++

PLEC >10 
WBC>100/field

(not 
representatie
for deep 
airways)

PLEC  ++
WBC+++
Mixed flora 
+++

PLEC ++
WBC++
Mixed flora 
+++

GNR  rare
GPC ++
pneumococc
i?

Mixed flora ++
P.aerogenosa++
Yeast  a few

3 Sputum No PLEC 
WBC +++
GPC  +++ 
Pneumococci?   

Mixed flora                     
+++  

PLEC rare
WBC +++
GPC +++

PLEC+
WBC++ 
GPC+++ 

GNR++

PLEC rare
WBC+ 
GPC+ 

Mixed flora+
mononuclear 
cells+ ?

WBC +++
GPC +++

GNR ++

PLEC +
WBC+++
GPC +++

S. pneumoniae          +++                                                                                
Mixed flora                    ++                                                                                 

H.parainfluenzae+

4 Blood culture GPR GPR or GNR
(repeat it 
again) 

GPR and 
GNR or 
Gram 
variable?

GPR and GNR? 
(repeat it 
again)

GPR GNR Clostridium ramosum

5 Blood culture Streptococcus Streptococc
us

Streptoco
ccus

Streptococcus Streptococc
us

Streptococc
us

E. faecalis

6 Deep wound 
(swab)
:stoma GNR+

GPR+

WBC ++

Mixed flora 
++

WBC+++

Mixed 
flora+++ 
(anaerob.
?)

WBC +
RBC+
GNR +
GPR +
GPC +

WBC ++
RBC  ++
GNR+++
GPR ++
GPC++

WBC +++
RBC +++
GNR +
GPR rare
GPC +

P. mirabilis  (enrichment) 
E. coli+++                                                                                                                   
S.vestibularis +++                                                                                
S.lutetiensis +++                                                                                                             
E. faecium +                                                                                      
S.anginosus+    
P.pentosaceus+                                                                            
C.perfringens++          

Sputum: 
rejected by 
1 laboratory

Sputum: suggestiveIDnot mentioned
by 5/ 6 laboratories



Slide Sample 
type

Gram stain  
(Lab 1) 

Gram stain  
(Lab 2)

Gram 
stain  
(Lab 3) 

Gram stain  
(Lab4) 

Gram stain 
(Lab 5) 

Gram stain  
(Lab 6)

Culture

7 Biopsy(bilioma)

GNR
GPR
GPC (Staph.)

WBC ?
Mixed flora 
+++

WBC++

GNR+++
GPC+
GPR++

WBC+-

GNR +++, GPC+
GPR+ 

No WBCs

GNR +++
GPC ++
GPR ++

GNR +++
GPC +
GPR +

C.freundii
L.johnsonii E. 
faecium E. faecalis
B.fragilis
P.denticola
C. tropicalis (enrichment)               

8 Vaginal swab

PLEC+++
Clue cells 
+++                                                                      

Gram var. 
rods +++  

GPC rare 

WBC rare                                                

PLEC +++
Clue cells ++

Gramvariale 
rods +++

Mixed flora+ 
WBC rare

Microsco
pic: BV
Bacterial 
vaginosis

PLEC+
clue cells +

Gramvariable 
rods +++

GPC+

lactobacillus+

PLEC++
Clue cells +

Nugent 
score: 8

suggestive 
for bacterial 
vaginosis. 

Microscopic: 
BV

Clue cells 1+

Gardnerellavaginalis             +++
Normal vaginal flora+
K. pneumoniae ++

9 Ear discharge 
(swab) WBC ++                    

GNR +++                                                                      

PLEC +
WBC ++
Mixed flora 
rare 
yeast +

WBC+
GNR+++

WBC rare
GNR ++

WBC +
GNR +++

WBC +
GNR +++

P.aeruginosa +++                                                                                

S.epidermidis(enrichment)

10 Sputum PLEC +++

WBC+
Mixed flora                     
+++  
Yeast, 
pseudomyce
lim +++

PLEC ++

WBC ++
Mixed flora 
+++
Yeast rare

PLEC +

No WBC

GND++ 
GPR+
GPC+

broken PLEC 
>10/field 
(sample is 
not 
representati
ve for deep 
airways)

PLEC +++

WBC +++
Mixed flora 
+++ 

Mixed flora +++                                                                                                  
Yeast ++                          

11 Jackson -Pratt 
drain

WBC+++
No bacteria

WBC rare
No bacteria
RBC +++

PMN+++ 
No 
bacteria

broken WBC +
No bacteria
RBC +++

WBC +
No bacteria
RBC +++

Negative

Genital samples: lack 
of standardization in 

reporting 

All samples labo 6: 
quantitative analysis 

!!



3.1.Internal quality control

3.2.External quality control

3.3.Competence testing



·Leber 2016/ CAP/ ISO 15189: 
ü Gram stain reagents should be tested with control organisms (known gram-

positive and gram negative), with each batch of reagents, lot number and 
shipment and weekly thereafter.

Each time I 
change the 

reagents
25%

Weekly
12%

Monthly
13%

Daily
25%

None
25%

How often do you use Gram stain control slides?

S. aureus & E. 
coli ATCC 

strains
25%

E. coli ATCC 
strains

12%
STAU & 

PSAE 
ATCC 12%

BD BBL 
13%

NA
38%

Which bacteria are being examined on the
control sl ides?


