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Shorter Incubation Times for Detecting Multi-drug 
Resistant Bacteria in Patient Samples: Defining Early 
Imaging Time Points Using Growth Kinetics and Total 
Laboratory Automation
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Department for Infectious Diseases, Microbiology and Hygiene, University Hospital of Heidelberg, Germany

Background: The transition from manual processing of patient samples to automated 
workflows in medical microbiology is challenging. Although automation enables microbiol-
ogists to evaluate all samples following the same incubation period, the essential incuba-
tion times have yet to be determined. We defined essential incubation times for detecting 
methicillin-resistant Staphylococcus aureus (MRSA), multi-drug resistant gram-negative 
bacteria (MDRGN), and vancomycin-resistant enterococci (VRE). 

Methods: We monitored the growth kinetics of MRSA, MDRGN, and VRE between two 
and 48 hours on chromogenic media to establish the time points of first growth, single 
colony appearance, and typical morphology for 102, 104, 106, and 108 colony forming 
units/mL. Subsequently, we imaged plates inoculated with 778 patient samples after 20, 
24, and 36 hours.

Results: The first growth, single colony appearance, and typical morphology time points 
were inoculum-dependent. First growth appeared after 6–18 hours, 4–18 hours, and 8– 
48 hours for MRSA, MDRGN, and VRE, respectively, and single colonies appeared at 12– 
18 hours, 6–20 hours, and 12–48 hours, respectively. Typical morphology was visible at 
14–22 hours and 12–48 hours for MRSA and VRE, but was not determined for MDRGN. 
By examining patient samples, ≥98% of MRSA and MDRGN were visible 20 hours after 
the start of incubation. Following 24 hours of incubation, only 79.5% of VRE were clearly 
visible on the respective plates.

Conclusions: An incubation time of 20 hours is sufficient for detecting MRSA and MDRGN. 
VRE growth is much slower and requires additional imaging after 36 hours. 
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INTRODUCTION

Fast and reliable identification of bacterial species and suscepti-

bility testing are important steps in the treatment of patients. This 

is especially true for the treatment of infectious diseases, as well 

as for screening for multi drug-resistant bacteria, that is, methi-

cillin-resistant Staphylococcus aureus (MRSA), multi-drug resis-

tant gram-negative bacteria (MDRGN), and vancomycin-resis-

tant enterococci (VRE). In our hospital, patients with a history of 

living in a nursing home, those with a previous hospital stay, and 

1 / 1CROSSMARK_logo_3_Test

2017-03-16https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg

https://orcid.org/0000-0002-7610-4530
https://orcid.org/0000-0002-7610-4530
http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2019.39.1.43&domain=pdf&date_stamp=2018-09-13


Burckhardt I, et al.
Evidence-based bacterial incubation time using TLA

44  www.annlabmed.org https://doi.org/10.3343/alm.2019.39.1.43

those from high-incidence countries undergo screening shortly 

after admission. On the basis of this assessment, they are either 

preemptively isolated until it is determined that they do not carry 

MRSA, MDRGN, or VRE, or they are isolated (barrier isolation/

single room) once they test positive for MRSA, MDRGN, or VRE. 

In both cases, rapid diagnosis is crucial to minimize the risk of 

transmission and to avoid unnecessary isolation, costs, and hands-

on time.

In the classic manual workflow, samples being screened were 

incubated for two days, and two reads were necessary. The sam-

ples were sent to the laboratory and inoculated on day 0. On 

day 1, the plates were read for the first time, and on day 2, the 

second and final read was conducted to reliably fulfill the incu-

bation times specified in the package inserts. Exact inoculation 

times are not recorded in the classic manual workflow.

With total laboratory automation (TLA), incubation times can 

be determined precisely to the hour and minute. However, the 

recommended incubation times mentioned in the package in-

serts were determined in a pre-TLA era, when incubation times 

were defined in days or hours instead of hours and minutes. In 

our case, these recommended incubation times were 20–26 

hours for the chromogenic MRSA plate (MRSA II, BD, Heidel-

berg, Germany), 18–24 hours for the chromogenic extended 

spectrum beta-lactamase (ESBL) plate (CHROMID ESBL Agar, 

bioMérieux SA, Marcy l’Etoile, France), and 24–48 hours for the 

chromogenic VRE plates (CHROMagar VRE Mast, Diagnostica 

GmbH, Reinfeld, Germany [24 hours]; VRESelect, BioRad Lab-

oratories GmbH, München, Germany [24–28 hours]; and CHR-

OMID VRE Agar, bioMérieux SA [24–48 hours]). We aimed to 

determine the incubation times needed for the reliable detection 

of MRSA, MDRGN, and VRE using the above-mentioned plates 

in order to establish a workflow with a single reading time point 

as early as possible, within the first 24 hours of incubation.

METHODS

This combined retrospective and prospective study was exempt 

from Institutional Review Board (IRB) approval because studies 

for quality control for laboratory assays are generally exempt 

from IRB approval.

Growth kinetics
The strains used for growth kinetics were confirmed as MRSA, 

MDRGN, or VRE by the following methods: nuc and mecA PCR 

for MRSA, susceptibility testing using VITEK 2 AST cards (AST-

N248, bioMérieux SA) for MDRGN, and vanA and vanB PCR 

for VRE. 

Four different bacterial concentrations of these strains were 

used to inoculate the plates; this was done to mimic the differ-

ent amounts of bacteria in patient samples. First, a 0.5 McFar-

land solution was prepared and considered to contain 108 col-

ony forming units (CFU)/mL bacteria. Three serial 1:100 dilu-

tions were prepared and designated as 106, 104, and 102 CFU/

mL. The following plates were used for monitoring growth kinet-

ics: MRSA II, CHROMID ESBL, CHROMagar VRE MAST (6 mg/

L vancomycin), VRESelect (8 mg/L vancomycin), and CHRO-

MID VRE (8 mg/L vancomycin). The following plates were used 

for monitoring patient samples: MRSA II (BD), CHROMID ESBL, 

and VRESelect (8 mg/L vancomycin). The strains used for mon-

itoring growth kinetics are described in Table 1.

Plates were inoculated with 10 µL of the bacterial solutions 

using the BD Kiestra TLA system (BD Kiestra, Drachten, Neth-

erlands) and incubated at 35°C without CO2. MRSA plates were 

imaged every two hours until 26 hours and then at 36 hours 

and 48 hours. ESBL plates were imaged every two hours until 

24 hours and then at 36 hours and 48 hours. VRE plates were 

imaged every two hours until 28 hours and then at 36 hours 

Table 1. Strains used for growth kinetics

MRSA* NCTC 10442
Five clinical strains from nose or wound swabs

MDRGN†

Escherichia coli Five clinical strains from wound or rectal swabs

Klebsiella pneumoniae ATCC 700603

Four clinical strains from wound or rectal swabs

Pseudomonas aeruginosa Five clinical strains from wound or rectal swabs

Acinetobacter baumannii Five clinical strains from wound or rectal swabs

VRE‡

E. faecalis VanA Two clinical strains from rectal swabs

E. faecalis VanB ATCC 51299

Four clinical strains from rectal swabs

E. faecium VanA Four clinical strains from rectal swabs

E. faecium VanB Five clinical strains from rectal swabs

*MRSA was confirmed by nuc and mecA PCR; †In Germany, MDRGN are 
defined as strains that are non-susceptible against at least three of the four 
following groups of antibiotics: third generation cephalosporins, piperacillin, 
quinolones, and carbapenems. ESBL plates were used to preselect resistant 
gram-negative bacteria. MDRGN were confirmed by susceptibility-testing 
using VITEK2 AST cards (AST-N248); ‡VRE were confirmed by vanA and 
vanB PCR.
Abbreviations: NCTC, National Collection of Type Cultures; ATCC, American 
Type Culture Collection; MRSA, methicillin-resistant Staphylococcus aureus; 
MDRGN, multi-drug resistant gram-negative bacteria; VRE, vancomycin-re-
sistant enterococci; ESBL, extended spectrum beta-lactamase.
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and 48 hours. All imaging was done using the BD Kiestra TLA 

system. Three time points were determined during these read-

ings: A) the first growth time point, defined as the time point at 

which growth was first visible; B) the single colonies time point, 

defined as the time point at which single colonies were discern-

ible and follow-up work was possible (Vitek2 for susceptibility 

testing and/or matrix assisted laser desorption-time of flight mass 

spectrometry [MALDI -TOF MS] for identification); and C) the 

typical morphology time point, defined as the time point when 

growth and colony morphology were as described in the pack-

age inserts (MRSA and VRE plates only).

Evaluation with patient samples
Patient samples used to evaluate the imaging time points con-

sisted of nasal swabs for MRSA and rectal and wound swabs for 

MRSA, MDRGN, and VRE. All swabs were collected using ES-

wabs (Copan, Brescia, Italy). Plates were inoculated with 10 µL 

of patient sample and incubated at 35°C without CO2. Patient 

sample evaluation was conducted in two steps. In the first trial, 

growth after 24 hours and 36 hours was compared. In the sec-

ond trial, growth after 20 hours and 24 hours was compared 

with different patient samples. To determine the detection rate 

at different imaging time points, 95 MRSA-positive samples were 

reevaluated for growth at 36 hours and 24 hours. Additional 

100 MRSA-positive samples were reevaluated for growth at 24 

hours and 20 hours. For MDRGN, 153 samples were reevalu-

ated for growth at 36 hours and 24 hours, and additional 352 

samples were reevaluated for growth at 24 hours and 20 hours. 

For VRE, 78 positive samples were evaluated for growth at 36 

hours and 24 hours. VRE growth after 20 hours of incubation 

was not evaluated. A positivity rate of ≥98% at the earlier time 

point was considered sufficient for reducing routine incubation 

time. The decision to review the above sample numbers and to 

accept a maximum loss of 2% of positive samples was an arbi-

trary decision based on the reading experience of the techni-

cians and on our experience with medical validation of reports 

over the years.

RESULTS

First growth, single colony appearance, and typical morphology 

on all chromogenic media were dependent on inoculum con-

centration: the higher the inoculum concentration, the earlier the 

growth was detected. Certain 102 CFU/mL inocula (one MRSA, 

eight VRE [VRESelect, BioRad], and four MDRGN) did not re-

sult in visible growth. 

First growth of MRSA was detected after 6–10 hours if 108 

CFU/mL inocula were used (Fig. 1). For the same strains, first 

growth was visible after 14–18 hours if 102 CFU/mL inocula were 

used (data not shown). Single colonies were detected after 12–

14 hours (108/mL) and 16–18 hours (102/mL). Typical morphol-

ogy was detected at 14–16 hours (108/mL) and 18–22 hours 

(102/mL). 

For MDRGN, first growth was detected at 4–10 hours (108/mL) 

and 10–18 hours (102/mL). Single colonies were detected at 

6–18 hours (108/mL) and 10–18 hours (102/mL). Pseudomonas 
aeruginosa strains tended to appear after Enterobacteriaceae 

and Acinetobacter baumannii strains. We did not evaluate the 

plates for typical morphology of gram-negative rods because ex-

cept for Escherichia coli, all isolates were identified using MALDI-

TOF MS or Vitek2 ID panels.

For VRE, we tested plates from three different manufacturers. 

On VRESelect, first growth was detected at 8–28 hours (108/mL) 

and 16–48 hours (102/mL). Single colonies were detected at 

12–36 hours (108/mL) and 16–48 hours (102/mL). Typical mor-

phology was detected at 12–36 hours (108/mL) and 18–48 hours 

(102/mL) (Fig. 1). The first growth, single colonies, and typical 

morphology data for CHROMagar VRE and CHROMID VRE were 

similar to those with VRESelect (data not shown). 

To evaluate patient samples, we commenced imaging after 

24 hours and 36 hours (Table 2). In each case we identified 

whether growth was already visible at 24 hours or at 36 hours of 

incubation. In the case of MRSA, all 95 samples showed growth 

after 24 hours of incubation. For MDRGN, all 153 positive sam-

ples evaluated showed clear growth after 24 hours of incuba-

tion. For VRE, 62 of 78 (79.5%) were already positive after 24 

hours, nine of 78 (11.5%) were only positive after 36 hours of 

incubation, and in seven of 78 (9%) samples, the colonies were 

so small after 24 hours of incubation that they could have been 

easily overlooked. Based on the MRSA and MDRGN results, we 

changed the imaging times from 24 hours and 36 hours to 20 

hours and 24 hours and reevaluated positive samples for first 

appearance of growth. For MRSA and MDRGN, we evaluated 

100 and 352 positive samples, respectively. Of these, 99 MRSA 

and 351 MDRGN samples showed clearly visible growth after 

20 hours of incubation (Table 3). The sole MRSA sample that 

showed growth only after 24 hours was a nasal swab, and three 

colonies were visible after 24 hours. One MDRGN (Morganella 
morganii) sample (rectal swab) exhibited three barely visible 

white colonies after 20 hours of incubation. The MDRGN spe-

cies and numbers reevaluated are detailed in Table 4.
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Fig. 1. Growth kinetics: time to result (=first growth, single colonies, typical morphology) for clinical strains and ATCC strains (MRSA, 
MDRGN, VRE, 108/mL). Red lines represent imaging times for patient sample evaluation.
Abbreviations: ATCC, American Type Culture Collection; MRSA, methicillin-resistant Staphylococcus aureus; MDRGN, multi-drug resistant gram-negative 
bacteria; VRE, vancomycin-resistant enterococci. 
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DISCUSSION

From a clinician’s perspective, laboratory reports tend to take 

too long; the benefits of rapid reporting of multi-resistant organ-

isms are undisputed. As early as 2001, Rubinovitch and Pittet 

[1] stated that successful programs for reducing hospital trans-

mission of MRSA are based on early identification of the MRSA 

reservoir and prompt implementation of contact precautions. 

Various PCR techniques have been developed to accelerate re-

porting [2, 3], with the drawbacks of high cost, the need for 

highly qualified personnel, and limited detection of a very nar-

row spectrum of resistance mechanisms. In addition, the issue 

of false-positive results has to be seriously considered [4]. Cul-

ture techniques are easier to perform, cheaper, and yield iso-

lates for epidemiological follow-up. 

With our classic manual workflow for screening samples (MRSA, 

MDRGN, and VRE), we had to read each plate twice and could 

only create final reports on day 1 if there was growth on MRSA 

or VRE plates. Negative reports could not be issued prior to day 

2 (i.e., up to 48 hours after inoculation). This workflow was origi-

nally created to reliably fulfill the incubation times mentioned in 

the respective package inserts (18–48 hours) in a laboratory 

with working hours from 07:30 a.m. to 06:00 p.m. Using TLA, 

we wanted to establish a workflow with one single imaging time 

point within the first 24 hours of incubation that enabled final 

reports on day 1. This would substantially shorten the time-to-

report and would halve the workload for laboratory technicians.

The incubation times needed for visible growth of bacteria 

were determined mainly based on rapid susceptibility testing 

studies. van den Bijllaardt et al. [5] studied a total of 88 Entero-

bacteriaceae isolates and imaged agar diffusion plates every 

hour from one to 20 hours of incubation, concluding that all 

plates were readable after seven hours of incubation. Their find-

ings support our results for MDRGN first growth and single col-

ony appearance. Fröding et al. [6] compared a six-hour reading 

time point of agar diffusion plates (E. coli and Klebsiella pneu-
moniae) with the standard 18-hour reading time point. They 

found that hetero-resistant isolates, in particular, were not cor-

rectly interpretable after six hours of incubation. Hombach et al. 
[7] examined agar diffusion plates between six and 12 hours 

and compared results with the standardized reading after 18 

hours, using E. coli, K. pneumoniae, S. aureus, and Staphylo-
coccus epidermidis. They found that plates inoculated with E. 
coli were reliably readable after six hours compared with plates 

inoculated with S. aureus, which had to be read after 12 hours. 

Only one study, performed with streptococci, addressed the dif-

ferentiation of Streptococcus pneumoniae from other strepto-

cocci, using optochin susceptibility [8]. That study demonstrated 

that an incubation time of 12 hours is best for reliable identifica-

tion of pneumococci. 

Table 3. Growth in patient samples after 24 hours vs 20 hours of 
incubation

Time since incubation MRSA MDRGN* VRE†

24 hours 100 352 -

20 hours   99 351 -

Divergent (% of positive after 24 hours) 1 (1) 1 (0.3) -

*A detailed list of species and numbers is provided in Table 4; †VRE diver-
gence in the first trial was 20% (>2% divergence limit); therefore, VRE were 
not included in the second trial (24 hours vs 20 hours).
Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MDRGN, 
multi-drug resistant gram-negative bacteria; VRE, vancomycin-resistant en-
terococci.

Table 4. Number per species of MDRGN-positive patient samples 
from Tables 2 and 3

36 hours vs 24 hours 
(153 MDRGN-positive 

samples, Table 2)

24 hours vs 20 hours 
(352 MDRGN-positive 

samples, Table 3)

Acinetobacter baumannii 4 (2.6) 9 (2.6)

Citrobacter spp. 15 (9.8) 14 (4.0)

Enterobacter spp. 21 (13.7) 70 (19.9)

Escherichia coli 53 (34.6) 141 (40.1)

Klebsiella spp. 36 (23.5) 83 (23.6)

Morganella morganii 0 (0) 1 (0.3)

Pseudomonas aeruginosa 23 (15.0) 29 (8.2)

Raoultella spp. 0 (0) 2 (0.6)

Serratia marcescens 0 (0) 2 (0.6)

Proteus mirabilis 1 (0.7) 1 (0.3)

Total 153 (100) 352 (100)

Abbreviations: MDRGN, multi-drug resistant gram-negative bacteria; spp., 
species.

Table 2. Growth in patient samples after 36 hours vs 24 hours of 
incubation

Time since incubation MRSA MDRGN* VRE

36 hours 95 153 78

24 hours 95 153 62

Divergent (% of positive after 36 hours) 0 (0) 0 (0) 16 (20)

*A detailed list of species and numbers is provided in Table 4.
Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MDRGN, 
multi-drug resistant gram-negative bacteria; VRE, vancomycin-resistant en-
terococci.
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Because of the lack of growth kinetics on chromogenic me-

dia, we established our own kinetic readings in order to identify 

the optimal time points for imaging during patient sample pro-

cessing. From sub-culturing procedures, we knew that sub-cul-

tures of MRSA or MDRGN on blood agar plates showed first 

growth (depending on species) after approximately three to five 

hours of incubation. However, we did not know when first growth 

on selective chromogenic plates would become detectable. For 

the first 24–28 hours of incubation we chose a two-hour interval 

between individual images. This was short enough to gain an 

impression regarding growth and long enough to make clear 

decisions according to the following criteria for the three differ-

ent time points: A) First growth: first growth was important to 

distinguish between negative reports (i.e., no growth) and cases 

in which follow-up work had to be done. If the chosen incuba-

tion times were too short, false negative reports would occur. B) 

Single colonies: single colonies were defined as the growth of 

colonies with which follow-up work could be directly performed, 

that is, without further sub-culturing. This time point is impor-

tant for the laboratory routine because the right choice would 

reduce the need for sub-culturing, which would increase hands-

on time and material costs. C) Typical morphology: typical mor-

phology is an important time point because a direct conclusion 

can be drawn simply by looking at the morphology and color of 

the colonies on the plate.

The choice of species to evaluate the ESBL plate was based 

on screening procedure guidelines [9, 10]. P. aeruginosa and A. 
baumannii complex are the only species of these genera that 

are relevant for screening in Germany. For the family Enterobac-

teriaceae, E. coli and K. pneumoniae are the most relevant spe-

cies in terms of multi-resistance in Germany. 

The earliest first growth was observed after four hours with 

gram-negative rods and high inoculum concentration (108/mL). 

The first MRSA were observed after six hours, and the first VRE 

appeared after eight hours. More importantly, single colonies 

appeared as early as 12, six, and 12 hours and as late as 18, 

18, and 48 hours for MRSA, MDRGN, and VRE (VRESelect), 

respectively. Detection times on the other two VRE-plates used 

were not significantly shorter. 

One main limitation of our study is that we did not evaluate 

earlier imaging time points (<20 hours) with patient samples. 

This was a deliberate decision as (1) an earlier imaging time 

point would not fall within the regular working hours of the labo-

ratory, and (2) introducing an earlier imaging time point requir-

ing a second read for each plate would contradict our goal of re-

ducing workload. 

Based on our results, we now use a 20-hour imaging time 

point for MRSA and MDRGN and an additional imaging time 

point at 36 hours only for VRE. In terms of workflow, this means 

that we read MRSA and MDRGN once after 20 hours of incuba-

tion. For VRE we have to wait for the 36-hour image to distin-

guish between growth and no growth. Therefore, we achieved 

our ultimate goal of reading plates once within the first 24 hours 

of incubation for two out of three multi-resistant bacteria and 

thus markedly reduced turn-around time from a median of 48 

hours to a median of 24 hours. Additionally, we halved the read-

ing workload for technicians. These findings would be enough 

evidence to implement shorter incubation times in all laborato-

ries using the same agar plates as we did.
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