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A prospective study on the effect of time-shifted telephone reporting
of blood culture microscopy
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Abstract
Even though dealing with septic patients, the communication of the Gram stain result of positive blood cultures is postponed in
most laboratories outside of conventional working hours. There is little evidence from clinics that this issue is being addressed.
This study evaluates the potential benefit of an around-the-clock communication. Therefore, the effect of the communication on
the antibiotic treatment and the delay of the communication during our non-office hours were measured. Over a three-month
period, all blood cultures which were positive for the first time outside the normal working hours were analyzed. Two standard-
ized telephone calls were used to compare the antibiotic treatment before and after the communication of the Gram stain result.
The evaluation of the antibiotic treatment was based on the final testing result. In total, 135 patients were included. The rate of the
adequate antibiotic increased by 8 percentage points to 69%. The average delay in the patients adjusted to an adequate treatment
was 8:57 h (range 2:16–16:59). This prospective study shows a benefit of the immediate communication. Nevertheless, this
benefit seems to be partly the result of suboptimal adherence to the guidelines regarding empirical antibiotic treatment. This
prospective study has been registered in the German Clinical Trials Register under the identifier DRKS00014996 (http://www.
drks.de/DRKS00014996).
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Introduction

An early adequate antibiotic treatment is key to reduce mor-
tality in septic patients [1]. To ensure that the antibiotic treat-
ment is adequate, a blood culture diagnostic is necessary to
identify the pathogen and its resistance to antibiotics.
Commonly, this takes between 12 and 48 h after a blood
culture flagged positive [2, 3]. To get relevant information
as fast as possible to the physician in charge, the pathogen
in question is Gram stained and classified under the micro-
scope. Although the information is still incomplete at this
stage, it could provide early and useful information to adjust
the empirical treatment. Outside of conventional working
hours, this process is delayed until the next morning in most
laboratories due to limited human resources. There is

conflicting evidence if around-the-clock diagnostics improve
the antibiotic treatment sufficiently to balance the inevitable
resource implications [4–7].

The aim of this study was to evaluate the benefit of an
immediate reporting of the microscopic Gram classification,
irrespective of the benefit of an immediate processing of the
blood culture. Therefore, we investigated the impact of a de-
layed report outside our normal working hours in all patients
with first-time positive blood cultures at a maximum-care hos-
pital. The main objectives were how often and for how long
on average the absence of reporting during our non-working
hours delayed the adequate antibiotic treatment.

Materials and methods

This prospective study was conducted at the University
Hospital Bonn in Germany with 50,000 admissions per
year. The period of the study was from June to August
2018. Eligible for participation in the study were all adults
over 18 years who were treated in a stationary setting and
whose blood culture was positive for the first time outside
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our normal working hours (Monday-Friday 7:30–19:30,
Saturday 7:30–15:00, and Sunday 10:00–14:00). Patients
that showed no pathogen in the microscopy of the first
positive blood culture as well as patients with a palliative
care setting were excluded. The study protocol included the
standard sample processing, a first phone call, a second
phone call, and the interpretation of the antibiotic treatment
based on final testing results.

The standard sample processing required that all blood cul-
tures becoming positive during non-working hours were proc-
essed the following morning (Monday–Saturday 8:00–9:00
and Sunday 10:00–11:00). The Bactec FX (Becton
Dickinson) blood culture system was used for incubation
and the automated Poly Stainer (IUL) was used for Gram
staining.

The two phone calls allowed identifying adaptations of the
antibiotic treatment by the physicians subsequent to the Gram
staining result. The first telephone call contained the result of
the Gram stain and the record of the current antibiotic therapy.
The second telephone call took place 2 h after the first phone
call and the antibiotic treatment was recorded again. Both
phone calls were based on a standardized protocol and per-
formed by medical doctors.

The final testing results allowed to evaluate, if the empiric
antibiotic treatment before and after the communication of the
Gram staining result was adequate. The final testing result was
obtained after seven days and included the identification and
the susceptibility of the pathogen. For identification Vitek MS
(BioMerieux), for susceptibility testing Vitek 2 XL
(BioMerieux), and for interpretation the EUCAST
breakpoints (Version 8.0) were used.

In this study, adequate treatment was defined based on the
following criteria: First, all Gram-negative rods, all candida,
Staphylococcus aureus , Streptococcus pneumonie ,
Streptococcus pyogenes, Streptococcus dysgalactiae,
Enterococcus faecalis, and Enterococcus faecium found in
the culture needed to be covered. Second, the identified path-
ogen needed to be susceptible to at least one of the used anti-
biotics. This definition excluded facultative pathogens with a
clinical case-to-case relevance like coagulase-negative staph-
ylococci to prevent overestimation of the necessary antibiotic
treatment.

Collected data included the time when the blood culture
flagged positive, the time of the first phone call, the time of
the second phone call, the result of the Gram stain, the antibi-
otic treatment at the time of the first phone call, the antibiotic
treatment at the time of the second phone call, and the final
result of the identification of the pathogen including its anti-
biotic susceptibility. The primary outcome was the average
delay of the adjustment of an initial inadequate treatment to
an adequate treatment. In addition, we describe the rate of
adequate empirical antibiotic treatment before and after the
communication of the Gram staining.

Results

Over a period of 3 months between June and August 2018,
336 patients had positive blood cultures for the first time. Of
these, 152 had a positive blood culture outside of the conven-
tional working hours. In total, 17 (10.5%) patients were ex-
cluded from analysis due to the following reasons: 7 patients
had no pathogen in the first positive blood culture, 4 patients
had an incomplete dataset, 2 patients were in a palliative care
setting, 2 patients died before the Gram stain result was re-
ported, and in 2 patients the pathogen could not be identified.
A final number of 135 patients were included in the dataset.
Of these, 67 patients had a pathogen that was likely necessary
to be treated, 65 had a facultative pathogen, and 3 had a
fungus.

In the following, the patients with a pathogen that was
likely necessary to be treated are analyzed. Before the
communication of the Gram staining out of 67 patients,
41 (61%) had an adequate and 26 (39%) an inadequate
antibiotic treatment. After the communication, antibiotic
treatment was adjusted in 15 (22%) of all 67 patients.
This resulted in an increase of 8 percentage points to 46
(69%) patients with an adequate antibiotic treatment. Of
the 26 patients with an inadequate empirical antibiotic
therapy, 7 were adjusted and 19 were not adjusted. Of
the 7 adjusted patients, 6 had an adequate and 1 an inad-
equate antibiotic therapy after the communication. Of the
41 patients with an adequate empirical antibiotic therapy,
8 were adjusted and 33 were not adjusted. Of the 8 ad-
justed patients, 7 had an adequate, and 1 an inadequate
antibiotic therapy after the communication. There were 21
patients with an inadequate empirical antibiotic therapy
after the communication. Six of them had no antibiotic
treatment. Six had a non-guideline corresponding antibi-
otic treatment. Nine had a guideline-corresponding antibi-
otic treatment, but the pathogen was resistant to the cho-
sen antibiotic treatment.

Of all 67 patients included in the analysis, the average
delay between the blood culture flagging positive and the
performing of the Gram stain was 9:59 h (IQR 6:05–13:49).
The adequate antibiotic treatment in the subgroup of patients
with an initial inadequate antibiotic treatment was delayed by
8:57 h (range 2:16–16:59).

Furthermore, there were 65 patients with a facultative
pathogen in the blood culture. Because of the communi-
cation, an antibacterial treatment was started in 4 out of
10 patients. In total, out of the 65 patients, the antibiotic
treatment was adjusted in 12 patients. In addition, we had
3 patients with fungus in the blood culture. Before the
communication of the Gram staining, none of the patients
had an antifungal treatment. Within the two-hour period
after the communication, an antifungal treatment was
started in 1 patient.
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Discussion

This study evaluated the impact of the delayed communication
of the Gram staining result made from blood cultures outside of
conventional working hours. The communication of the Gram
staining increased the rate of adequate antibiotic treatment by 8
percentage points. Nevertheless, the rate of the adequate antibi-
otic treatment after the communication was still only 69%.
These findings are consistent with the current literature [4, 6].
The adequate antibiotic treatment with an initial inadequate an-
tibiotic treatment was postponed on average by 8:57 h.

The patients in this study can be divided into four groups.
The first group had adequate antibiotic therapy from the begin-
ning. The second group received adequate antibiotic treatment
as a consequence of the communication. Following the empiri-
cal guidelines, most of these patients should have received the
antibiotic treatment when the blood culture was actually taken.
The third group had a resistant pathogen to the antibiotic treat-
ment that was in accordance with the empirical guidelines. This
is unavoidable. In part, the high resistance rate can also be ex-
plained by the possible error rate of an antimicrobial suscepti-
bility testing of piperacillin/tazobactam. The fourth group had
no antibiotic treatment, and none was started. Either these pa-
tients did not need antibiotic treatment and should not have got
blood culture diagnostics, or they were not optimally treated.

The benefit of the communication of the Gram stain mi-
croscopy result is limited by several factors. A positive blood
culture can be the result of a contamination and therefore the
information of the Gram stain can be misleading. In addition,
the Gram stain result gives limited information about the an-
timicrobial susceptibility. Lastly, according to the guidelines,
empirical antibiotic treatment can be started directly after the
blood cultures are gained. Therefore, the delay of the commu-
nication of the Gram stain microscopy result may not be im-
portant. Nevertheless, the delay of processing positive blood
cultures and of the antimicrobial susceptibility testing during
the non-working hours could be a major disadvantage and
could explain the reduction of mortality in other studies [4].

The main limitation of this study is the surrogate primary
outcome, the average delay of the adjustment of an initial inad-
equate treatment to an adequate treatment. To observe mortality
reduction directly was not feasible, because of the small effect
sizes. All assumptions for the surrogate outcome were
predefined and published before the study started and are con-
sistent with the current literature. The assumption that a patho-
gen must be treated when found in a blood culture is based on
the pathogenicity of its species and the clinical indication of
blood culture diagnostics [8]. The definition of adequate anti-
biotic treatment is based on the final susceptibility testing result
[9, 10]. The chosen 2-h period between the phone calls should
be long enough to react to the communication of the Gram stain
result and short enough to exclude most other changes in the
antibiotic treatment. Another limitation is the assumption that

the reaction to the communication of the Gram stain result is
independent of the time of day. Lastly, the present study is a
small single-center study. It is influenced by our in-house guide-
lines, standards, and conditions.

In conclusion, this study shows a benefit of the immediate
communication of the microscopic Gram classification result.
Nevertheless, this benefit seems to be partly the result of sub-
optimal adherence to the guidelines regarding empirical anti-
biotic treatment.
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