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Introduction
Blood culture is the gold standard for diagnosing bacteremia 
and direct the physicians to select appropriate antimicrobials, 
greatly improving patient outcome.1 An accurate blood culture 
result in this regard mostly depends on appropriate specimen 
collection procedures.2 Blood culture contamination (BCC) is 
a prevalent issue in hospitals and is broadly characterized as the 
introduction of any microorganism into the culture during 
specimen collection or processing that may not be pathogenic 
to the patient. Coagulase-negative Staphylococci (CoNS), aer-
obic spore-bearing bacilli (ASB), viridans group Streptococci, 
Corynebacterium spp., Propionibacterium spp., Micrococcus 
spp., and Clostridium perfringens are among the organisms 
that are frequently isolated as contaminants in blood cultures.3 
The majority of these organisms exist as common commensal 
flora on the skin.

False positive blood cultures can result in incorrect diagno-
ses, which can have a negative impact on patients. The negative 

effects could include overuse of antibiotics, extended hospital 
stays, increased workload due to recollection and higher testing 
expenses.4 Deviation from the standard protocol of sample col-
lection is an important reason for BCC. As per the recommen-
dations of American Society for Microbiology (ASM) and 
Clinical Laboratory Standards Institute (CLSI), the overall 
BCC rate should not exceed 3%.5 Although it is not possible to 
completely eliminate BCC, it is essential to keep it within the 
benchmark. The efficiency of the sampling technique deter-
mines the quality of the blood culture, which can be improved 
by a number of ways such as the use of appropriate skin pre-
paration kits, compliance with standard operating protocols 
(SOPs) and a trained phlebotomy team.2

Hence, we conducted this study at the Indus Hospital and 
Health Network, a tertiary care hospital in Karachi, Pakistan, 
to assess the effectiveness of implementing strategies for train-
ing phlebotomists and nurses in proper blood sampling tech-
niques, in reducing BCC rates.
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ABSTRACT

InTRoduCTIon: Blood culture is the gold standard for diagnosing bacteremia and direct the physicians to select appropriate anti-
microbials. In hospitals, blood culture contamination (BCC) is a common problem that has a detrimental effect on patient outcomes. 
Hence, we implemented strategies in our tertiary care setup, for training phlebotomists and nurses in proper blood sampling techniques, 
and assessed their effectiveness in reducing BCC rates.

MeThodS: This interventional study was conducted at the Indus Hospital, Karachi, Pakistan from 1st January 2021 to 30th June 2023. All 
blood cultures received from different departments of the hospital were included. The 2.5-year study period was divided into pre-intervention 
and intervention periods, with monthly monitoring of BCC. The BCC data between 1st January 2021 and 31st December 2021 was taken as 
the baseline pre-intervention period and the next 1.5 years comprised the intervention period (1st January 2022-30th June 2023). To improve 
compliance, various strategies were implemented, such as regular training sessions, didactic sessions, and re-competencies.

ReSulTS: A total of 86 774 Blood cultures were received from all departments of the hospital, out of which n = 30 672 were received in the 
pre-intervention period whereas, n = 56 102 were received in the intervention period. Mean BCC rate in the pre-intervention period was found 
to be 4.6%. However, after the implementation of different measures to reduce BCC, the contamination rate decreased to a mean of 3.1% by 
the end of the intervention period. Emergency department accounted for the highest proportion of BCC in the pre-intervention and interven-
tion periods.

ConCluSIon: We decreased BCC in our tertiary care setup by implementing a simple and inexpensive collaborative intervention, and 
came to the conclusion that the higher incidence of BCC was probably caused by factors unique to the emergency department and provided 
measures to successfully address them.
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Methods
Study setting and design

This interventional study was conducted at a tertiary care hos-
pital in Karachi from 1st January 2021 to 30th June 2023. All 
blood cultures received from different departments of the hos-
pital were included. The 2.5-year study period was divided into 
pre-intervention and intervention periods, with monthly mon-
itoring of BCC. The pre-intervention period was set to assess 
the baseline rate of BCC in cultures received from all major 
departments of the hospital and this data was compared with 
the BCC rates after the interventions were introduced in the 
study’s intervention period. The blood culture contamination 
data between 1st January 2021 to 31st December 2021 was 
taken as the baseline pre-intervention period and the next 
1.5 years comprised the intervention period from 1st January 
2022 to 30th June 2023.

Blood culture contamination

The study only included blood samples that were received in 
multiple sets; single set of blood cultures were excluded 
because it is not possible to reliably detect contamination in 
such scenario. Furthermore, only multiple sets of blood cul-
tures which were collected from peripheral lines were included 
in the study and those from central lines were excluded so as 
to obtain a uniform set of blood culture population in which 
the contamination can be reliably determined. For the pur-
pose of our study, we classified the organisms in to 2 groups: 
(i) organisms that, in almost all cases, represent a true infec-
tion; and (ii) common contaminants that, in some clinical 
cases, may be important. Coagulase-negative Staphylococci 
(CoNS), aerobic spore-bearing bacilli (ASB), viridans group 
Streptococci, Corynebacterium spp., Propionibacterium spp., 
Micrococcus spp., and Clostridium perfringens are some of 
the most common contaminants isolated from blood cultures 
and hence, are included in the second group.

The number of blood culture sets that grow a particular 
organism when expressed as a function of the total number of 
blood culture sets, is a useful tool for classifying blood cul-
tures as contaminated in order to evaluate the clinical signifi-
cance of positive blood cultures. Organisms from the first 
category were deemed to be clinically significant if they were 
isolated from any of the blood culture sets. The second cate-
gory of organisms, on the other hand, were only deemed clin-
ically significant if they were isolated from 2 or more blood 
culture sets and grew organisms with the same antibiogram 
and biochemical profile; otherwise they were regarded as 
contaminants.

Blood culture collection

The following Standard Operating Procedure (SOP) was 
employed for the collection of blood cultures:

(1) Identification of the patient using a minimum of 2 
distinct, patient-specific identifiers.

(2) Applying 70% isopropyl alcohol to the venipuncture 
site to disinfect it.

(3) Using 70% isopropyl alcohol to disinfect the rubber 
septum on the blood culture bottles.

(4) The initial blood culture set collection, which typically 
consists of 1 anaerobic and 1 aerobic bottle.

(5) Collecting 10 mL of blood in each bottle to reach the 
target of 20 mL of blood per set (40 mL if 2 blood 
culture sets are collected).

(6) Measuring and recording the amount of blood col-
lected in each bottle.

(7) Recording the anatomic location from where the 
blood sample was collected.

(8) Keeping a record of the employee who took the blood 
cultures.

(9) Documenting the location of the hospital in which the 
blood cultures were collected.

(10) To obtain the second blood culture set, repeating the 
above process with 1 aerobic and 1 anaerobic bottle.

(11) Sending the blood culture sets to the laboratory imme-
diately for processing.

Interventions

The pre-intervention data was divided department wise to 
determine the contribution of each department to the volume 
of blood cultures as well as contamination rates. A root cause 
analysis (RCA) was conducted to identify several factors 
responsible for contamination. It was found that the nursing 
staff and phlebotomists, who are primarily responsible for 
blood sample collection, were not following the SOP for blood 
culture collection in circumstances of overcrowding and high 
patient turnover. To improve compliance, various strategies 
were implemented, such as regular training sessions, didactic 
sessions, and re-competencies. Experienced personnel from 
phlebotomy team with the history of least BCC rate were des-
ignated as master trainers for the purpose of re-training of all 
phlebotomy staff. All staff were re-trained in collecting blood 
cultures as per the described SOP and then competencies of 
each staff was assessed independently by 2 master trainers for 
proper blood collection. The staff competency assessment form 
for the collection of blood cultures is given as a supplement 
with this study (Supplemental file).

The master trainers worked in collaboration with the 
Microbiology laboratory providing data on individual staff 
competencies. As the name of each staff was documented when 
collecting blood cultures, contamination rates for each staff 
were reviewed on weekly basis to further re-evaluate individual 
competency for each staff. Also, BCC rate is made a key per-
formance indicator collectively for the Microbiology labora-
tory which is monitored monthly and the feedback provided to 
the head of nursing and the phlebotomy staff.
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Additional measures taken to ensure a decrease in the BCC 
rate included assigning nursing staff and phlebotomists to fixed 
shifts so they could monitor contamination rates, recording the 
number of contaminated blood cultures per staff member, and 
using BCC data as a key performance indicator for each 
employee. Also, pictorial flyer explaining blood culture collec-
tion procedure were pasted in blood culture collection areas.

Statistical analysis

Data regarding the total number of blood cultures received 
during the study period, number of blood cultures received 
from different departments of the hospital and from different 
patient populations viz. pediatric and adult population was 
recorded on a standardized proforma. BCC rate during the 
pre-intervention and intervention periods, from different 
departments of the hospital and from different patient popula-
tions was also documented. For the purpose of statistical analy-
sis, all data was entered in Microsoft Excel software (Microsoft 
Excel 2013 {15.0.5553.1000} 32-bit). The quarterly BCC rates 
were plotted on a run chart to demonstrate the effect of the 
interventions on the overall reduction of BCC between the 
pre-intervention and intervention periods. Furthermore, an 
interrupted time-series analysis using segmented regression 
was used to assess the effectiveness of the implemented inter-
ventions, which allowed the evaluation of the intervention 

impact while accounting for the time trend and autocorrelation 
present in subsequent observations.

Results
A total of 86 774 blood cultures were received from all depart-
ments of the hospital during the study period, out of which 
45 122 were from adult patients and 41 652 from pediatric 
patients. In the pre-intervention period (1st January 2021-31st 
December 2021), 30 672 blood cultures were received whereas, 
56 102 blood cultures were received in the intervention period 
(1st January 2022-30th June 2023). Overall, BCC was seen in 
3306 (3.8%) blood cultures, of which 1582 (48%) were from 
pediatric patients and, 1724 (52%) from adult patients. BCC 
rate in the pre-intervention period was found to be 4.6%. 
However, after the implementation of different measures to 
reduce BCC, the contamination rate decreased to 3.1% by the 
end of the intervention period. Monthly BCC rate in the pre-
intervention and intervention periods is shown in Figure 1. 
The run chart of quarterly BCC rates over the study period 
depicts the reduction in BCC rate between the baseline pre-
intervention period and the intervention period (Figure 2).

The contamination rate varied among different depart-
ments viz. emergency (ER), in-patient (IPD) and out-patient 
(OPD) departments. ER accounted for the highest proportion 
of BCC (2.4%) throughout the study period, followed by OPD 

A

B

Figure 1. (A) Monthly BCC rate in the pre-intervention period. (B) Monthly blood culture contamination rate in the intervention period.
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(0.8%) and IPD (0.75%). The effect of interventions in reduc-
ing the BCC rate was most observed in blood cultures received 
from ER, which showed a decline of BCC from a mean rate of 
2.85% in the pre-intervention period to 2.1% at the end of the 
intervention period. Department wise distribution of quarterly 
BCC rates in the pre-intervention and interventions periods is 
shown in Figure 3.

The time series analysis demonstrated that the educational 
intervention (R2 = 0.35) had an effect on the BCC rate, with a 
reduction in level change (P ⩽ .05) noted 2 months after the 
intervention. The observed quarterly BCC rates were approxi-
mately within range of the upper and lower control limits 
throughout the study period. Moreover, an expected trend of 
BCC in the 6-month post-study forecast was observed to be 
within the control limits (Figure 4).

Discussion
This study demonstrates that a persistent team effort can effec-
tively address the problem of blood culture contamination in a 
hospital unit that experiences high patient turnover. The find-
ings of this study are relevant as it originates from a developing 
nation with limited resources.

Most BCCs were associated with the ER, according to our 
findings. Periods of crowding and stressful working environ-
ment are some of factors that have been linked to considerable 
increases in BCCs from the ER. Similar findings were observed 
in different studies conducted worldwide.6-8

Pakistan is a sub-tropical country and typically exhibit hot 
and humid weather from May to August and cold and dry 
weather from November to February each year. The weather of 
Karachi in the humid months can cause increased perspiration 
in the patients, which can alter normal skin microbiota result-
ing in poor skin hygiene. This, in turn, may increase the prob-
ability of contamination during specimen collection.9 This fact 
was evident with the abrupt increase in the BCC rate seen in 
the pre-intervention period as seen from May to September 
2021, in our study (Figure 1A). Furthermore, while rigorous 
interventions were in place, a creep in BCC rate was still 

observed in the intervention period from May 2022 and then a 
steep decline from September 2022 onward, when the weather 
began to dry and the patients were less likely to perspire. The 
rise in BCC rate was again observed in the intervention period 
from May 2023 onward (Figure 1B). While, the effects of 
changing weather are increasingly evident from these findings, 
it is noteworthy that the overall BCC rates after the initiation 
of interventions exhibited a significant decline from 4.6% in 
the pre-intervention to 3.1% by the end of the intervention 
period (Figure 2).

Several studies have indicated that a trained phlebotomy 
team could decrease BCC rates. A study conducted in the 
emergency department, compared the contamination rate 
between blood cultures collected by dedicated phlebotomists 
and non-phlebotomist staff. Significantly higher contamina-
tion rate was observed in blood cultures collected by non-phle-
botomist staff. The study took place during the COVID-19 
pandemic, when phlebotomy staff dedicated to blood culture 
collections were temporarily disbanded, and blood culture 

Figure 2. Run chart of quarterly blood culture contamination (BCC) rates 

over the study period (Jan 2021-Jun 2023); pre-intervention (Jan 

2021-Dec 2021) and intervention periods (Jan 2022-Jun 2023).

A

B

C

Figure 3. Department wise distribution of quarterly BCC rates over the 

pre-intervention (Jan 2021-Dec 2021) and intervention periods (Jan 

2022-Jun 2023) in (A) in-patient department (IPD) (B) out-patient 

department (OPD) & (C) emergency department (ER).
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collection was performed by non-phlebotomist staff.10 For 
reducing contamination rates especially from departments 
contributing to the highest proportion of BCC, we discour-
aged rotational duties and implemented fixed duties. Each staff 
member’s performance was monitored based on the number of 
contaminated blood samples versus the total blood samples 
drawn. To ensure better compliance among phlebotomists and 
nursing staff, BCC was introduced as one of their key perfor-
mance indicators on the basis of which they were appraised. 
After implementing appropriate measures, we observed a 
steady decline in the contamination rate in the first interven-
tion period (2022) which continued to decrease over the next 
6 months of the second intervention period (2023).

It is challenging to maintain specimen quality to interna-
tional standards while offering the best possible patient care 
in health setups with limited resources. A strategic approach 
to quality control measures and ongoing monitoring are 
needed to achieve this goal. Even with limited resources, 
adherence to these standards improves the accuracy of 
research and diagnosis.

There were few limitations in our study. We didn’t measure 
the impact of blood culture contamination on patient care and 
health outcomes, and the expenses associated with it. However, 
the authors intend to conduct a multi-center study in the 
future, which would incorporate a wider understanding of 
specimen contamination on the overall care of patients and the 
health setup. Furthermore, a more targeted study is needed in 
this regard to assess the precise intervention which has the 
most impact in reducing sample contamination rates.

Conclusion
We decreased blood culture contamination in our tertiary care 
setup by implementing a simple and inexpensive collaborative 
intervention, and came to the conclusion that the higher 

incidence of blood culture contamination was probably caused 
by factors unique to the emergency department and provided 
measures to successfully address them.
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