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ABSTRACT

Background: Sepsis and septic shock are one of the most important risk factors for mortality
in children. Blood cultures remain the gold standard to identify the causative organisms of
sepsis and to obtain the antibiotic sensitivity profile. The shortcoming of blood cultures is
that only 5 to 13% of cultures will turn out to be positive and roughly 20 to 56% of these
will represent contaminants. The South African Society for Clinical Microbiology (SASCM)
endorses the blood culture sampling technique as described by Ntusi ef a/ (2010).
Abrahams et al. (2015) described that there was poor adherence to these standards which
contributes to a high blood culture contamination rate. There is a shortage of South African
studies addressing the problem of blood culture contamination.

Objective: To determine the blood culture contamination rates in the Department of
Paediatrics at Pelonomi- and Universitas Hospital for the month of May to 27 August 2019
by reviewing blood culture results. To assess blood culture sampling technique amongst
clinicians by means of anonymous questionnaires.

Methods: This is a descriptive study. The blood culture contamination rate for 1 May 2019
to 27 August 2019 was determined by analysing NHLS data. Clinician blood culture sampling
practices were described by using information from anonymous questionnaires which were
handed out to clinicians working in the Department of Paediatrics during the same period.

Results: Of the 244 blood cultures reviewed, 61 (25%) had positive growth, 36 (15%) grew
contaminants and 7 (3%) grew more than one organism. The blood culture contamination
rate was 15%. Thirty-two percent of clinicians were aware of the SASCM guidelines
regarding blood culture sampling technique, but only 3% indicated that they complied with
the guidelines.

Conclusion: This study found a blood culture contamination rate which is almost five times
higher than internationally accepted rate. It also found that clinicians were not aware of
blood culture sampling guidelines and in the few cases where clinicians were aware of these
guidelines, compliance with these guidelines was not met. Recommendations made, include
quarterly review of blood culture contamination rate at these institutions and making
clinicians aware of correct technique or optimising technique within the limited
circumstances by putting together guidelines on blood sampling techniques for blood

cultures for local use.

KEYWORDS: Sepsis, blood culture, paediatric sepsis, blood culture

contamination rates, blood culture contaminants
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ABBREVIATIONS AND DEFINITIONS

SIRS - Systemic inflammatory response syndrome

SIRS is a non-specific process that occurs in response to an infection or an injury. To
diagnose SIRS, at least two of the following should be present (one of which must be an

abnormal temperature or leucocyte count):

e core temperature of >38.5 °C or <36°C
e tachycardia — heart rate of > 2SD above the normal for age or bradycardia
e respiratory rate >2SD above the normal for age

e white cell count elevated or depressed for age® ©,

Sepsis

The Third International Consensus Definitions for Sepsis has defined sepsis as a
dysregulated host response (such as SIRS) to infection followed by life threatening organ
dysfunction®. Sepsis is a medical emergency which requires immediate and appropriate
medical attention® 9,

Blood culture

A specimen of blood inoculated in a growth medium with the purpose of growing pathogenic
bacteria and or fungi to identify causative organisms of infection and its sensitivity profile
to antibiotics® or antimycotics.

Contaminants

In blood cultures a contaminant can be defined as an organism which is not present in the

patient’s bloodstream, but is grown in the culture®®, In certain clinical scenarios, organisms

which are classified as contaminants can cause sepsis.

Vii



Pre-analytical factors

With regards to blood cultures, pre-analytical factors are factors which influence the result
of a blood culture prior to the specimen arriving at the laboratory. These include: volume
of blood inoculated in specimen medium, site of blood collection, skin preparation, elapsed
time from specimen being taken until arrival at laboratory and clinician knowledge regarding

correct blood culture sampling technique™.

Department of Paediatrics at Pelonomi and Universitas Hospitals

The Department encompasses the following units and wards:

e At Pelonomi Hospital:
Neonatal High Care Unit
Paediatric Intensive Care Unit
Wards 3A, 4A and 4B
e At Universitas Hospital:
Neonatal Intensive Care Unit
Neonatal High Care Unit (abbreviated as SSE)
Paediatric Intensive Care Unit
Paediatric Cardiology Suite
Ward 10A and 10B
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BLOOD CULTURE CONTAMINATION IN THE DEPARTMENT OF PAEDIATRICS OF
UNIVERSITAS- AND PELONOMI HOSPITALS

CHAPTER 1

BACKGROUND

1.1 LITERATURE REVIEW

In both industrialised and developing countries, severe sepsis and septic shock are one of
the most important risk factors for mortality in children®. Statistics South Africa confirms
that the global trend is also relevant to South Africa with an estimated 20% of child deaths
attributable to sepsis during the 2013 to 2015 period®V. Despite the fact that one in five
child deaths in South Africa are caused by sepsis, data on the causative organisms and

prevalence of sepsis in children in South Africa are scarce(*>13),

To guide the recognition of sepsis in children, consensus definitions have been published
(%), Sepsis can be defined as a systemic inflammatory response syndrome (SIRS) in the
presence of or resulting from a suspected or proven infection. The Third International
Consensus Definitions for Sepsis is defined has defined sepsis as a dysregulated host
response (such as SIRS) to infection followed by life threatening organ dysfunction”. Sepsis
is considered to be severe when it is associated with organ hypo-perfusion or dysfunction

characterised by one or more of the following:

e prolonged capillary refill time;

e increased lactate;

e oliguria or acute kidney injury;

e altered mental state;

e acute respiratory distress syndrome;

e disseminated intravascular coagulation; and/or

e hypotension®).

Sepsis is a medical emergency which requires immediate and appropriate medical attention,
of which appropriate antibiotics and supportive management are essential® 9,

In an attempt to improve the mortality rate of patients who are diagnosed with sepsis an



international expert panel was assembled in 2004: the Surviving Sepsis Campaign (SSC).
In the latest guidelines (2020) for the management of sepsis, SSC recommends that it is
best practice to do blood cultures prior to administration of antibiotics, to optimise
identification of infective organisms. However, SSC also states that antibiotic therapy should
not be delayed whilst waiting for a blood culture to be done®®%, This is important to
take note off as not all district hospitals and local clinics in the Free State are equipped with
blood culture facilities and they do not have laboratory support to process blood cultures.
At these hospitals and clinics; prior to referral, antibiotics are administered to patients
diagnosed with sepsis according to syndromic case management guidelines. This influences

the true results of blood cultures collected at receiving hospitals>.

Blood culture currently remains the mainstay of identification of causative organisms of
sepsis as well as the organism’s antimicrobial susceptibility test (AST) result despite
advances in molecular techniques and biomarkers®>31416) Tt guides physicians to use
appropriate antibiotics and to de-escalate from broad spectrum antibiotics to specific
antibiotic therapy and reduce the time period of antibiotic use which forms the cornerstone
of antibiotic stewardship. For this reason, blood culture remains essential in high quality
management of sepsis®!®, The World Health Organization currently recognises blood
culture as a priority specimen for surveillance of antimicrobial resistance because of its

clinical importance as well as accurate and uncomplicated methods of detection®”,

The process of collecting a blood culture is important as it affects the quality of the
specimen®, Ombelet et a/. (2019) summarised the procedure of blood collection for blood

cultures as follows:

e atourniquet is applied to the patient’s arm which is also a shortcoming in methodology
of collecting specimen in neonates, infants and children;

e avein is identified and palpated followed by appropriate antiseptics being applied at
the place of sampling (the vein should not be retouched after disinfecting);

e the selected vein is then pierced with a needle and syringe; and

e a sufficient volume of blood is divided into blood culture bottles(!®,

The shortcomings of blood cultures are:

e only 5 to 13% of cultures will turn out to be positive and roughly 20 to 56% of these

will represent contaminants.



e a three to four day waiting period from collection of blood culture specimen to
identification of organism and its AST results®!®),

These two shortcomings as listed above will now be discussed in further detail.

1.2 IMPACT OF BLOOD CULTURE CONTAMINANTS ON CLINICAL PRACTICE

Organisms commonly accepted as contaminants include: Coagulase negative staphylococdi,
Corynebacterium species, Bacillus species, Clostridium perfringens, Micrococcus species and
Viridans streptococci®*) because these are normal skin commensals. The College of
American Pathologists defines a contaminant as the presence of aforementioned organisms
in only one of a series of blood culture specimens®® in a specific patient. Contaminant
organisms are most often cultured when sterility during sample collection is jeopardised.
Blood culture contamination can occur at any stage during collection, which includes: skin
preparation, blood culture bottle top preparation, blood collection method and blood culture

inoculation site(0,

It may happen that organisms which are classified as contaminants cause infections.

Contaminants are suspected to be causative of sepsis when:

e two different blood culture samples culture the same contaminant organism;

e a patient deteriorates and persistently cultures the same organism;

e certain diagnoses are made such as infective endocarditis; or

e in clinically deteriorating premature infants where contaminant organisms commonly

are causative organisms of sepsis’: 1620,

In clinical practice, to differentiate whether a contaminant organism is truly the causative
organism of sepsis remains difficult. In most instances, when there is doubt as to whether
a contaminant organism can truly be causing sepsis in a specific patient, help of a medical
microbiologist is often needed. Difficulty in distinguishing between contaminants and true
bacteraemia leads to increased admissions of patients who could have been managed as
outpatients, increased length of stay in hospital by one to five days, unnecessary additional
laboratory testing with an up to 80% increase in microbiology charges and approximately
40% increase in inappropriate antibiotic exposure which may contribute to the emergence
of drug resistant organisms(**29, It is also clear from literature that improvement in
specifically blood culture specimen quality (and thus implying decreased contamination
rate) will greatly improve patient outcome with sepsis in terms of patient survival, hospital



infection control, antibiotic stewardship, patient length of stay, hospital costs, laboratory
costs and laboratory efficiency®1220-23), Avoiding contamination is vital, even more so in a

resource limited setting'®.

Other studies done on patients with sepsis and in some cases paediatric patients with sepsis
describe factors that can contribute to an increase in false positive or negative blood culture

results such as:

e (Case management of sepsis with ceftriaxone at primary health care level. In South
Africa all children who are identified with danger signs at primary health care facilities
receive empiric ceftriaxone as part of the IMCI program.

e The small size of paediatric patients. Suboptimal blood volumes are collected. There
are currently no consensus guidelines on the volume of blood that needs to be
inoculated in paediatric blood culture bottles in paediatric patients. Needham et al.
(2018) attempted to address this problem and designed a blood volume chart for blood
culture sampling according to weight (Table 2). However, this does not form part of
consensus guidelines as yet.

e Poor compliance with hand hygiene practices of the person collecting the blood
specimen.

e Lack of use of sterile gloves.

¢ Inadequate patient skin preparation by the physician who is collecting the sample.

e Inadequate preparation of blood culture bottle-top with antiseptics.

e Collection of only one blood culture specimen due to financial or time constraints.

e General lack of knowledge amongst physicians regarding the importance of correct
blood culture collection and the diagnostic as well as therapeutic implications of blood
culture results.

e Lack of standardised policy with regards to when and how to collect blood cultures.

e  Overcrowding of a unit, i.e. too many patients admitted to a specific ward and increased

patient to doctor ratio(?6:13:1519,20,23,24),

The scenarios above are typical of low- and middle-income countries (LMIC). Financial,
logistical and infrastructure related constraints, challenge clinicians in implementing routine
blood culture collections®®. South Africa is currently classified as an upper middle-income

country by the World Bank.

Min et al. (2014) also describes other factors that can contribute to an increase in false



blood culture results. These include: the clinician’s desire to prevent a pain inducing
procedure such as a needle-stick injury in paediatric patients and lack of sterility to a
procedure that needs to be performed sterile (i.e. blood culture sampling) in paediatric
patients (it is difficult to sample blood on a crying/upset child, even more so to remain
sterile)(*?,

1.3 IMPACT OF AST RESULT WAITING PERIOD ON CLINICAL PRACTICE

It is well known that with every hour delay in appropriate antibiotic therapy, mortality rates
in patients with sepsis increase. Due to this possible three to four day waiting period,
situations in clinical practice do exist where sepsis is diagnosed and empiric antibiotics are
administered as per SSC. However; these empiric antibiotics are not necessarily the same
drugs as the definitive antibiotics®®. Tabak et a/ (2018) state that a decrease in time
between blood culture specimen collection and the reportable AST results, leads to a
decrease in time to optimal antibiotic therapy, a decrease in patient morbidity and mortality
as well as a decrease in hospital and laboratory costs®®, Survival of sepsis is thus inversely

related to time to appropriate antibiotic therapy®”.

Antibiotics can be defined as appropriate when the bacteria identified in the blood culture
are susceptible to at least one of the antibiotics administered within 24 hours of collecting
the blood culture®, Yokota et a/. (2014) described that broad spectrum antibiotics are not
always appropriate antibiotics to manage sepsis, as causative organisms of sepsis in their
study were not always susceptible to empiric antibiotics. Thus, when empiric antibiotics
were used in cases where patients had sepsis due to organisms resistant to empiric
antibiotics, patients essentially were undertreated, had an increased risk of mortality as well
as increased risk of developing antibiotic side-effects, developing antibiotic resistance and

developing Clostridium difficile infection?>,

A systematic review and meta-analysis done by Paul et al. (2010) stated that the odds ratio
for all-cause mortality when the appropriate antibiotic was used within the first 48 hours
for in patients with sepsis was 1.6 (95% CI, 1.37 to 1.86)?®. The drive for appropriate
antibiotic use in sepsis is thus clearly stated by this systematic review. Patient survival
during sepsis depends on prompt initiation of appropriate antibiotics. Thus, one can
understand the statement made by Rhodes et a/ (2016) that blood cultures remain

essential in high quality management of patients with sepsis.



According to Baron et al. (2013) the interpretation of the results of specimens submitted to
microbiology for analysis depends entirely on the quality of the specimen that is submitted.
Specific emphasis is made that the quality of the blood culture specimen is influenced by
the specimen management. Optimal blood culture specimen management can be described
in terms of so called pre-analytical factors; that is: volume of blood collected, timing of
sample collection, sampling site, skin preparation and knowledge of the correct technique

of blood culture sampling©20-22-

The South African Society for Clinical Microbiology (SASCM) endorses blood culture
sampling technique as described by Ntusi et a/. (2010). This guideline aims to: improve the
quality of blood culture sampling, reduce the contamination of blood samples collected and

thus improve the management and ultimately outcome of patients with sepsis (Table 1)®,

Table 1. Blood culture standards(*4

BCs should be collected if there is a clinical suspicion of a blood stream infection.
Informed consent should be obtained prior to performing a BC.
BCs should be obtained prior to administration of antibiotics.
Hand washing should be performed prior to performing a BC.
Hands should be disinfected prior to performing a BC.
Sterile gloves should be used when performing a BC.
BCs should be drawn from peripheral sites.
BCs should be collected from separate venepuncture sites.
Puncture site should be sterilised using appropriate disinfectant.
10 | Skin disinfectant should be allowed time to dry before inserting the needle.
11  |BC bottle tops should be disinfected prior to inoculation.
12 Bottle-top disinfectant should be allowed time to dry prior to inoculation.
13 Needles should not be exchanged between BC collection and inoculation of BC bottles.
14 |BC should be inoculated first, if blood is collected for other tests.
15 Minimum of two BCs should be drawn within 24 hours.
16 | Aerobic BC bottles should be used in a resource-limited area.
17 | Minimum of 20 mL of blood should be obtained for each BC. (7#is is of relevance to
aault medicine.)
18 |BC should be correctly labelled.
19 Laboratory request form should be correctly completed.
20 BC should be documented in the clinical notes.
21 | BC bottles should be left at room temperature if there is a delay in transporting them to
the laboratory.
22 | BC bottles should be delivered to the laboratory as soon as possible.
BC: blood culture

OoOoONOTUThA,WNH

In a study done by Ombelet et al. (2019), specific strategies are mentioned in an attempt
to decrease blood culture contamination. These include amongst others: skin antisepsis,
one-step vs. two-step procedure for skin antisepsis, sterile gloves, disinfecting the blood
culture bottle top (septum) and phlebotomy teams®), These aforementioned four strategies

will now be elaborated on.



e Skin antisepsis: a recent meta-analysis found no difference between povidone iodine
or chlorhexidine alcohol being used as antiseptic agents>9), In the light of alcohol
having a quicker drying time and being less prone to be accidentally colonised with
Gram-negative organisms, it might be more likely to be used correctly. However, the
safety of chlorhexidine with alcohol in infants <2 months has not been established.

e One-step vs. two-step procedure for skin antisepsis: Ombelet et al. (2019) describes
the one- step procedure for skin antisepsis as the single application of an antiseptic to
the venepuncture site and the two-step method as consecutive application of one or
more different antiseptics to the venepuncture site. Their study suggests that in LMIC
the two-step antiseptic approach should be used. This is due to the fact that many
patients have long travels, some being on dirt roads, to reach hospitals. Ideally
isopropyl alcohol (alcohol swabs) needs to be used to clean the skin overlying the
venepuncture site. Once the alcohol swabs are not stained by dust, then only should
the clinician proceed with the second step of skin antisepsis by using for instance
chlorhexidine-alcohol ),

e Sterile gloves: the routine use of sterile gloves to sample blood culture specimens,
might reduce blood culture contamination rate, but at the same times increases the
cost of blood culture sampling. Ombelet et a/ (2019) found that in LMIC where
contamination is much more prevalent, centres which used sterile gloves when
sampling blood culture specimens had lower baseline contamination rates. This benefit
of decreasing the blood culture contamination rate and its implications on microbiology
laboratory fees may outweigh the increased costs when sampling blood cultures with
sterile gloves(®),

e Disinfecting the blood culture bottle top: In the light of higher environmental
contamination being present in LMIC, disinfecting the blood culture bottle top with
isopropyl-alcohol is a low cost strategy to reduce contamination®, South African
literature suggests that this is not routinely done>,

e Phlebotomy teams: Ombelet ef a/ (2019) and Rana et al. (2018) found that having
dedicated phlebotomy teams being dedicated to sample blood cultures, lead to a
decrease in blood culture contamination. This was due to sampling techniques being
standardised and increased awareness amongst phlebotomy teams regarding the
importance of correct blood culture sampling technique®29, However, this option
might not be feasible in many institutions, due to increased costs related to having
dedicated phlebotomy teams.

Unfortunately, a study done in the Western Cape by Abrahams et a/. (2015) found that



there was poor adherence to these standards and that this possibly could explain a higher
than acceptable contamination rate in blood cultures done in their study®>. Internationally
accepted rates of blood culture contamination are 3%®?. The results from Abrahams et al.
(2015) are similar to results from studies done in Germany, the United States of America,
Nigeria and Malaysia. All of these studies found that clinicians had deficits regarding blood
culture related knowledge and sampling technique @,

A recent study done by Rana et a/. (2018) states that by reducing the contamination rate
of blood cultures at their facility from 2.85% to 1.54% saved the hospital on average $49
998 per month (roughly R750 000). They achieved this reduction in blood culture

contamination rate by the following interventions:

e Standardising blood culture sampling by means of a protocol for all paediatric and
neonatal wards, paediatric intensive care units and neonatal intensive care units.

e Optimising blood volume collection by proposing a weight-based blood volume chart
(Table 2). It should be mentioned that optimising blood volume inoculated in the blood
culture bottle, directly correlates with an increase of detection rate!®. To decrease the
chances of missing sepsis caused by a low bacterial count in a patient’s blood stream,
it is recommended to sample as large a volume of blood as possible. This is difficult
when sampling blood from small children, who might become anaemic due to an
optimal blood volume sample. In some instances parents may also find it unacceptable
that large volumes of blood are taken for samples from their child®®,

e Continual education of staff as well as staff cooperation in maintaining correct blood
culture sampling technique remained pivotal in the reduction of the rate of

contamination.

Table 2. Recommended blood culture volume by weight (Wt) (29

Wt BD Bactec Peds BD Bactec Plus BD Bactec Plus Total Volume
Range, Plus Blood Aerobic Blood Anaerobic Blood to be Drawn,
kg Volume, mL Volume, mL Volume, mL mL
<5 1 N/A N/A 1
5-10 2 N/A N/A 2
10.1-20 3 N/A 3 6
20.1-40 N/A 5 5 10
>40 N/A 10 10 20

This study confirmed that it is possible to decrease the blood culture contamination rate,
and thereby patient morbidity and hospital costs, by enforcing simple measures which are
less expensive than phlebotomy teams or ready to use blood culture kits@??,



Selek et al. (2014) concluded that every laboratory should conduct a yearly determination
of blood culture contamination rate. Should this rate be more than 3% measures should be
taken to identify and correct the underlying problem as patient safety might be

compromised.

To the candidate’s knowledge, there are no studies which were undertaken at Universitas
or Pelonomi Hospital examining the blood culture sampling methods used and the blood
culture contamination rates. South African literature regarding the topic of paediatric sepsis,

blood culture sampling techniques and contamination rates are scanty and scarce®®®.

1.4 RESEARCH QUESTIONS

e What is the blood culture contamination rates at the Department of Paediatrics at
Pelonomi- and Universitas Hospitals during the period 1 May 2019 to 27 August 2019?
e What are the blood culture sampling practices in the Department of Paediatrics at

Pelonomi- and Universitas Hospitals during the period 1 May 2019 to 27 August 2019?

1.5 AIM OF STUDY

e To assess the blood culture contamination rates at the Department of Paediatrics at
Pelonomi- and Universitas Hospitals.
e To determine blood culture sampling practices in the Department of Paediatrics at

Pelonomi- and Universitas Hospitals.

1.6 STUDY OBJECTIVES

e To determine the blood culture contamination rates in the Department of Paediatrics
at Pelonomi- and Universitas Hospitals for the period 1 May 2019 to 27 August 2019
by accessing data from the National Health Laboratory Services.

e To assess blood culture sampling practices amongst clinicians by means of anonymous

questionnaires.

1.7 HYPOTHESIS

Blood culture contamination rate is higher than international standards. Blood culture
sampling standards are not adhered to.
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ABSTRACT

Background: Sepsis and septic shock are one of the most important risk factors for mortality
in children. Blood cultures remain the gold standard to identify the causative organisms of
sepsis and to obtain the antibiotic sensitivity profile. The shortcoming of blood cultures is
that only 5 to 13% of cultures will turn out to be positive and roughly 20 to 56% of these
will represent contaminants. The South African Society for Clinical Microbiology (SASCM)
endorses the blood culture sampling technique as described by Ntusi ef al (2010).
Abrahams et al. (2015) described that there was poor adherence to these standards which
contributes to a high blood culture contamination rate. There is a shortage of South African
studies addressing the problem of blood culture contamination.

Objective: To determine the blood culture contamination rates in the Department of
Paediatrics at Pelonomi- and Universitas Hospital for the month of May to 27 August 2019
by reviewing blood culture results. To assess blood culture sampling technique amongst
clinicians by means of anonymous questionnaires.

Methods: This is a descriptive study. The blood culture contamination rate for 1 May 2019
to 27 August 2019 was determined by analysing NHLS data. Clinician blood culture sampling
practices were described by using information from anonymous questionnaires which were
handed out to clinicians working in the Department of Paediatrics during the same period.
Results: Of the 244 blood cultures reviewed, 61 (25%) had positive growth, 36 (15%) grew
contaminants and 7 (3%) grew more than one organism. The blood culture contamination
rate was 15%. Thirty-two percent of clinicians were aware of the SASCM guidelines
regarding blood culture sampling technique, but only 3% indicated that they complied with
the guidelines.

Conclusion: This study found a blood culture contamination rate which is almost five times
higher than internationally accepted rate. It also found that clinicians were not aware of
blood culture sampling guidelines and in the few cases where clinicians were aware of these
guidelines, compliance with these guidelines was not met. Recommendations made, include
quarterly review of blood culture contamination rate at these institutions and making
clinicians aware of correct technique or optimising technique within the limited
circumstances by putting together guidelines on blood sampling techniques for blood

cultures for local use.

Word count: 371
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INTRODUCTION

In both high- and lower income countries, severe sepsis and septic shock are the most
important risk factors for mortality in children®)., Statistics South Africa confirms that the
global trend is also similar in South Africa with an estimated 20% of child deaths attributable
to sepsis during the 2013 to 2015 period®. Blood culture currently is the mainstay of
identification of causative organisms of sepsis as well as the organism’s antimicrobial
susceptibility test (AST) result despite advances in molecular techniques of identifying
causative organisms of sepsis®=), It guides physicians to use appropriate antibiotics and to
de-escalate from broad spectrum antibiotics to specific antibiotic therapy which is the
cornerstone of antibiotic stewardship. For this reason a blood culture remain essential in
high quality management of sepsis®”). The World Health Organization currently recognises
blood culture as a priority specimen for surveillance of antimicrobial resistance because of

its clinical importance as well as accurate and uncomplicated methods of detection®,

Despite the fact that one in five children who die in South Africa, die of sepsis, data on the

causative organisms and prevalence of sepsis in children in South Africa are scarce®'9,

To the writer’s knowledge, there are no previous studies done at paediatric departments of
Pelonomi- and Universitas Hospitals examining the blood culture contamination with regard
to the rate and blood culture sampling methods. South African literature regarding
paediatric sepsis, blood culture sampling techniques and paediatric blood culture

contamination rates or scanty%,

AIM OF STUDY

e To assess the blood culture contamination rates at the Department of Paediatrics at
Pelonomi- and Universitas Hospitals.
e To determine blood culture sampling practices in the Department of Paediatrics at

Pelonomi- and Universitas Hospitals.

STUDY OBJECTIVES

e To determine the blood culture contamination rates in the Department of Paediatrics
at Pelonomi- and Universitas Hospitals for the period 1 May 2019 to 27 August 2019
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by accessing data from the National Health Laboratory Services and describing the
contaminant organisms which were cultured.

e To assess blood culture sampling practices amongst clinicians working in the
Department of Paediatrics of Pelonomi - and Universitas Hospitals by means of

anonymous questionnaires.

METHODS

Type of study
This was a descriptive study conducted at the Department of Paediatrics of Pelonomi- and

Universitas Hospitals.

Setting

Pelonomi Tertiary Hospital is a tertiary level hospital in the Free State with two general
paediatric wards, an acute diarrhoea and severe acute malnutrition ward and a paediatric
intensive care unit (PICU). Universitas Academic Hospital is a tertiary hospital which receives
referrals from secondary hospitals in the Free State, Northern Cape and Lesotho. Universitas
Hospital Paediatrics department consists of a general paediatrics ward, paediatric cardiology

high care unit, paediatric oncology ward and a PICU.

Time Frame

The blood culture contamination rate for 1 May 2019 to 27 August 2019 was determined
by means of NHLS data. The specific time frame 1 May 2019 to 27 August 2019 was used
as intern doctors rotated on a four monthly basis through the Department of Paediatrics at
these hospitals, these dates represent the first and last day of the interns’ paediatric

rotation.

In- and exclusion criteria
All blood cultures submitted for every patient who was admitted in paediatric wards were

included in the study.

Neonatal units at both hospitals were excluded from this study, as well as blood cultures
done on neonate patients (i.e. patients < 28 days of life) in the paediatric wards. Reasons
for excluding neonatal patients include: clinical notes needed to be accessed to determine
whether blood culture results were managed as contaminants or pathogens. Accessing

clinical notes was beyond the scope of this study design. Furthermore, a study regarding



17

neonatal blood culture results was already underway in the Department of Neonatology at
Pelonomi- and Universitas Hospitals and the researcher was instructed to focus on the
Department of Paediatrics at Pelonomi- and Universitas Hospitals. Paediatric surgery and
orthopaedic patients were also excluded from this study as clinicians rotating through these
departments change on a monthly basis and not a two monthly basis such as in the
Department of Paediatrics.

Criteria for determining contamination

It is difficult to differentiate between a pathogen and contaminant organism. There are two
methods of differentiating between the two entities (i.e. pathogenic and contaminant
organisms). Firstly, clinically by means of reviewing clinical assessment and secondly by the
number of cultures that show growth for a particular organism. In this study, the second
method was used. In cases where organisms were cultured which are traditionally labelled
as contaminants (Corynebacterium, Coagulase negative staphylococaus, Micrococcus
species, Pantoea species and Streptococcus mitis), these cultures were only regarded as
clinically relevant if the organism was isolated from two different cultures. This is due to
the fact that the odds of having contaminated both cultures with the same organism are

small®.

Method of collecting questionnaire data

Clinician blood culture sampling practices were obtained by means of an anonymous
questionnaire which were handed out to clinicians working in the Department of Paediatrics
during the same period. Questionnaires were based on the 22 SASCM guidelines on blood

culture sampling technique.

At Pelonomi- and Universitas Hospitals, blood cultures are collected by clinicians and not
nursing staff. Only clinicians who had taken blood cultures during the study period were
eligible to complete an anonymous questionnaire. The questionnaire included 22 questions
which attempted to describe clinician sampling techniques such as: blood culture sampling
practices related to hand disinfecting, blood culture bottle top disinfecting and informed
consent obtained prior to blood culture sampling were included in the questionnaire.

When referring to clinicians in this study, consultants, registrars, medical officers and intern

doctors are all included.

Data analysis
Data was analysed by using Microsoft Excel charts and QI Macros 2020.
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Ethics

Prior to data sampling, approval from the following institutions were obtained:

e The Health Sciences Research Ethics Committee (HSREC) at the Faculty of Health
Sciences, University of the Free State (Ethics number: UFS-HSD2019/0377);

e The Free State Department of Health; and

e The National Health Laboratory Services (NHLS).

RESULTS

A total number of 350 blood cultures were performed over a period of four months at the
Department of Paediatrics of Pelonomi- and Universitas Hospitals of which 244 of the 350
blood cultures were included in this study. Of the 106 blood cultures which were excluded;
two did not have patient ages documented, 76 blood cultures were performed on patients
< 28 days of life and 28 blood cultures were performed on paediatric patients admitted to
wards other than the wards specified in this study (i.e. patients were admitted to paediatric

surgery wards).

Twenty-three percent (57/244) of blood cultures were sampled at Pelonomi Hospital and
77% (187/244) sampled at Universitas Hospital. Table 1 shows the organisms grown from
blood cultures, excluded from this table are cultures which had polymicrobial results.
Table 2 demonstrates the interpretation of the blood culture result as well as the blood
culture contamination rate of 15% (37/244). Only one blood culture bottle was submitted
per patient per blood culture request in all of the blood cultures. Seven blood cultures (3%)
cultured more than one organism from the blood culture, i.e. polymicrobial blood

cultures*?.

Table 1. Micro-organisms recovered from blood cultures

Pathogens Isolates (n)
Acinetobacter baumannii 2
Coagulase negative staphylococcus (present in two separate blood cultures) 6
Enterococcus faecium 3
Escherichia coli 4
Klebsiella pneumoniae 1
Pseudomonas aeruginosa 1
Streptococcus pneumoniae 1
TOTAL 18
Contaminants
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Coagulase negative staphylococcus 31
Corynebacterium 2
Micrococcus species 1
Pantoea species 1
Streptococcus mitis 2
TOTAL 37

Table 2. Total number of, and proportion of, blood culture contaminants expressed in
terms of number of blood cultures

Pelonomi Hospital Universitas Hospital Total
(N=57/244) (N=187/244) (N=244)
n (%) n (%) n (%)
Positive blood
cultures 11 (19) 51 (27) 62 (25)
True pathogens 2 (4) 16 (9) 18 (7)
Contaminants 8 (14) 29 (16) 37 (15)
Polymicrobial (more
than one organism 1(2) 6 (3) 7 (3)
cultured)
No growth 46 (81) 136 (73) 182 (75)

Of the 42 questionnaires handed out to eligible clinicians (clinicians who were working in
the Department of Paediatrics at Pelonomi- and Universitas Hospitals during the study
period who also collect blood culture specimens), 34 were completed, that is a response
rate of 80%. Eighteen percent (6/34) of participants were consultants, 50% (17/34)
registrars, 6% (2/34) medical officers and 26% (9/34) interns. Consent was obtained by
means of a disclaimer letter, which stated that participation in study was anonymous and

voluntary. Standards which were evaluated are illustrated in Figure 1.

Eighteen of the 34 (53%) of participants reported to use chlorhexidine for skin disinfectant;
16/34 (47%) reported to use alcohol swabs for skin disinfectant. Thirty of the participants
(88%) reported that they used 1 - 2 mL of blood to inoculate blood culture bottles, 1/34
(3%) used < 1 mL of blood frequently and 3/34 (9%) used > 2 mL of blood frequently.
Forty-three percent (13/30) of participants reported to always inoculate 1 - 2 mL of blood,
47% (14/30) frequently inoculated 1 — 2 mL of blood and 10% (3/30) inoculated 1 —2 mL
of blood sometimes. Twelve of the participants (35%) reported to repalpate a vein after
disinfecting a patient’s skin. Twenty-two participants (65%), reported to not repalpate a
vein after disinfecting a patient’s skin. When asked whether participants still observe aseptic
technique when sampling blood cultures during an abnormally busy day; 22 (65%) reported
yes and 12 (35%) no.
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Figure 1. Standards evaluated and ranked by the clinician questionnaire

During days when there were delays in transporting blood cultures to the laboratory, 3 (9%)
of the participants reported to not leave blood cultures at room temperature and 31 (91%)
of participants reported to have left blood cultures at room temperature. All the blood
cultures were submitted using a single blood culture bottle. Of the 34 participants, 8 (24%)
had received a lecture on the importance of correct paediatric blood culture sampling whilst
working in the Department of Paediatrics; four participants being registrars, one participant
an intern and the other three participants, consultants. Eleven (32%) of the participants
stated that they were aware of the SASCM guidelines on blood culture sampling technique,
23 (68%) were not aware of the SASCM guidelines. On overall analysis of questionnaires
one (3%) of the participants responded to questions that suggest complete compliance with
the 22 standards of the SASCM guidelines on blood culture sampling.
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In this study it was noted that the highest blood culture contamination rate was in the age
group > 28 days to < 24 months. When considering that 55% (135/244) of blood cultures
were sampled in this age group, there seems to be a higher blood culture contamination
rate of 20% (27/135) in this group of patients. Blood culture contamination rates at the
different Paediatric Departments were: 14% (8/57) at Pelonomi Hospital and 15.5%
(29/187) at Universitas Hospital.

DISCUSSION

An alarming finding from this study is the high blood culture contamination rate of 15%,
almost three times the contamination rate at another hospital in the public health sector:*3)
Internationally, accepted blood culture contamination rates are 3% or less¥. Factors
contributing to this contamination rate include poor compliance to blood culture sampling
standards such as hand hygiene practices, inadequate skin and blood culture bottle top
preparation, lack of use of sterile gloves and lack of sterile gloves (Figure 1) Adverse

consequences related to a high blood culture contamination rate include (and are not limited
by):

e increased hospitalisation time by one to five days;

e with an associated 20-39% increase in hospital fees;

e an 80% increase in microbiology laboratory charges; and

e a 40% increase in unnecessary antibiotic use with a resultant increase in antibiotic

resistance, antibiotic associated side effects including allergic drug reactions®7:*>

It is thus clear that this blood culture contamination rate will have to be addressed so as
not only to save money in a resource limited setting but also to optimise patient
management. To quote Rana et al. (2019): “Blood culture contamination is a safety and

quality concern in children’s hospitals”*>),

In this study it was noted that the highest blood culture contamination rate was in the age
group > 28 days to < 24 months. Seventy three percent (27/37) of contaminated blood
cultures was noted to be in this age group. This might be due to the technical difficulty of
sampling blood from a small child, a child who does not cooperate due to a lack of
understanding and pain and other technical problems such as not having staff available to
keep the patient in position whilst performing blood culture sampling. When considering
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that 55% (135/244) of blood cultures were sampled in this age group, there seems to be a
higher blood culture contamination rate of 20% (27/135) in this group of patients. To the
author’s best knowledge there is no South African data available regarding blood culture

contamination in this age group.

Seven blood cultures cultured more than one organism (i.e. polymicrobial) and were
excluded from the calculation involved when blood culture contamination rate was
calculated. In a setting where the clinical information regarding a patient’s condition is
excluded from a study, it is almost impossible to differentiate between overt blood culture
contamination and true polymicrobial septicaemia. Polymicrobial septicaemia most
commonly occurs in patients who were admitted to hospital for at least 90 days, patients
with malignancies, patients who previously had central venous lines and other immuno-
compromised individuals®?. In a systematic review done by Reddy et a/. (2010) it was found
that 1.2% of bloodstream infections in African countries were due to polymicrobial
septicaemia.’ In our institution this rate was found to be higher at 3%, this might be

secondary to the high blood culture contamination rate, but this is purely speculation.

Coagulase negative staphylococci (CONS) were classified as being pathogenic when they
were isolated from two different blood cultures on the same patient. In 2% (6/244) of the
blood cultures that were analysed CoNS were pathogenic and classified as contaminants in
13% (31/244) of the blood cultures. In all 6 cases where CoNS were pathogenic, patients
were noted to be < 24 months of age. In a Western Cape district hospital, Abrahams et al.
(2015) described that contamination rate due to CoNS was only 3% . This difference might
be due to hospital supplies difference between these two studies and or due to sampling

practice differences.

The South African standards on blood culture sampling recommends using alcohol or
povidone to disinfect the skin puncture site®), At the Pelonomi- and Universitas Hospitals,
chlorhexidine with alcohol or alcohol swabs are readily available and thus used. A recent
meta-analysis study confirmed that there is no significant difference between using
chlorhexidine-alcohol and povidone iodine solutions for skin antisepsis. Using alcohol swabs
for skin disinfection is not ideal practice, as each swab needs to be opened individually,
with the outside surface of the wrapper not being sterile. Ombelet et a/. (2019), describe a
technique where alcohol swabs are used multiple times until dirt is removed from a patient’s
skin and then only applying a different antiseptic agent to venepuncture site®®. Forty-seven
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percent (16/34) of participants reported using alcohol swabs for skin antisepsis.

Although 88% of participants indicated that they use 1 - 2 mL of blood when inoculating
blood cultures bottles, only 43% of this subgroup indicated to always use this blood volume,
47% frequently and 10% sometimes. In a quality improved initiative study done by
Needham et a/. (2019) it was noted that nursing staff routinely sample 1 — 3 mL of blood,
irrespective of a patient’s body weight. As conclusion as to why this specific volume of blood
is used, it is stated that there was no optimized blood volume charts available in their
setting*®). This is also true for our centre. This possibly explains the different frequency at
which clinicians sample different blood volumes for paediatric blood cultures. Multiple
authors agree that by optimising the blood volume which is inoculated in blood culture

bottles, one significantly improves the blood culture yield*101517),

Roughly a third of participants were aware of the SASCM guidelines on blood culture
sampling but only 3% of participants completed the questionnaires in a manner which

indicated compliance with these guidelines.

The strengths of our study were that we attempted to evaluate blood culture sampling
practices and not only the blood culture contamination rates. We differentiated between
results which were contaminants and pathogens and lastly we identified errors in blood

culture sampling practices.

The limitations of our study were that we did not evaluate the availability of equipment for
performing blood cultures such as sterile gowns, sterile gloves, chlorhexidine-alcohol
solution and sterile gauze. Furthermore; we did not evaluate the clinical indications for
blood culture sampling, nor whether contaminant organisms were on clinical grounds
treated as pathogens or not. Blood culture request forms were not audited. Sites from which
blood cultures were sampled were not described. We did not evaluate the volume of blood
inoculated in each blood culture bottle and lastly, timing of antibiotic administration and

blood culture sampling was not assessed.

RECOMMENDATIONS

e Pictorial wall charts should be applied to procedure rooms in Paediatric Wards at
Pelonomi- and Universitas Hospitals, indicating the correct blood culture sampling
techniques.
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e In the younger aged child, assistance with restraining a child whilst sampling blood
culture specimen might aid in decreasing the blood culture contamination rate.

e Weight based blood culture volume charts should also be applied to walls of the
procedure rooms in Paediatric Wards®>.

e  Weekly antibiotic stewardship rounds to be used as an opportunity to educate clinicians
on the best practice when sampling blood culture specimens could be done on every
post-intake round.

e This study can be used as motivation for hospital management at the Pelonomi- and
Universitas Hospitals to address possible shortages of consumable that are required
when sampling a blood culture specimen.

e Quarterly refreshing of culture sampling guidelines/techniques for all clinicians working
in Paediatric Departments of Pelonomi- and Universitas Hospitals.

e Pre-packed blood culture kits and procedural checklists to be used.

e Quarterly review of blood culture contamination rates at these institutions following
implementation of these recommendations.

e Future studies to be done in these institutions to assess blood volume and blood culture

yield.

e Future studies to be done in these institutions to assess indications for blood culture
sampling.

CONCLUSION

In conclusion, our study found a blood culture contamination rate which is higher than an
internationally accepted rate. It also demonstrated that clinicians were not aware of blood
culture sampling guidelines and in the few cases where clinicians were aware of these

guidelines, compliance with these guidelines were not met.
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1. INTRODUCTION TO PROTOCOL

In both industrialised and developing countries, severe sepsis and septic shock is one of
the most important risk factors for mortality in children. In this research project, the
researcher will determine the contamination rate of blood cultures done in the Department
of Paediatrics at Pelonomi- and Universitas Hospitals during May and July 2019 and compare
it to the international accepted contamination ratio. The study will then also attempt to
explain factors contributing to the contamination rate.

Clinician related factors which contribute to blood culture contamination will be identified
by means of anonymous questionnaires which will be circulated to all the clinicians working
in the Department of Paediatrics of Pelonomi- and Universitas Hospital during a monthly
morbidity and mortality meeting in June 2019.

Problems which are identified will then be corrected by means of physician education during
June 2019 at weekly academic meetings. To see if this intervention improved the blood
culture contamination rate, the blood culture contamination rate for July 2019 will be
determined.

There is a significant shortage of studies addressing the problem of blood culture
contamination rates in South African literature. This study will contribute to South African
literature regarding blood culture contamination rates.

2. BACKGROUND TO THE RESEARCH PROBLEM

2.1 DEFINITIONS

2.1.1 Systemic inflammatory response syndrome (SIRS)

SIRS is a non-specific process that occurs in response to an infection or other injury. To

diagnose SIRS, at least two of the following should be present (one of which must be an
abnormal temperature or leucocyte count):

e Core temperature of >38.5 °C or <36°C

e Tachycardia — heart rate of > 2SD above the normal for age or bradycardia
e Respiratory rate >2SD above the normal for age

e White cell count elevated or depressed for age (M

2.1.2 Sepsis

The Third International Consensus Definitions for Sepsis is defined as a dysregulated host
response (such as SIRS) to infection followed by life threatening organ dysfunction.® Sepsis
is a medical emergency which requires immediate and appropriate medical attention.®®)

2.1.3 Blood culture
A specimen of blood inoculated in a growth medium with the purpose of growing pathogenic

bacteria and or fungi to identify causative organisms of infection and its sensitivity profile
to antibiotics.®

2.1.4 Contaminants



In blood cultures a contaminant can be defined as an organism which is not present in the
patient’s bloodstream, but is grown in the culture.® In certain clinical scenarios, organisms
which are classified as contaminants can cause sepsis.

2.1.5 Pre-analytical factors

With regards to blood cultures, pre-analytical factors are factors which influence the result
of a blood culture prior to the specimen arriving at the laboratory. These include: volume
of blood inoculated in specimen medium, site of blood collection, skin preparation, elapsed
time from specimen being taken until arrival at laboratory and clinician knowledge regarding
correct blood culture sampling technique.”

2.1.6 Department of Paediatrics at Pelonomi and Universitas Hospitals
The Department encompasses the following units and wards:

e At Pelonomi Hospital: Paediatric Intensive Care Unit Wards 3A, 4A and 4B
e At Universitas Hospital: Paediatric Intensive Care Unit Paediatric Cardiology Suite Ward
10A and 10B

2.2 LITERATURE REVIEW

In both industrialised and developing countries, severe sepsis and septic shock is one of
the most important risk factors for mortality in children.® Statistics South Africa confirms
that the global trend is also relevant to South Africa with an estimated 20% of child deaths
attributable to sepsis during the 2013 to 2015 period.® Despite the fact that one in five
children in South Africa demise due to sepsis, data on the causative organisms and
prevalence of sepsis in children in South Africa are scarce.(!9()

To guide the recognition of sepsis in children; consensus definitions have been published.®
Sepsis can be defined as a systemic inflammatory response syndrome (SIRS) in the
presence of or resulting from a suspected or proven infection. The Third International
Consensus Definitions for Sepsis is defined as a dysregulated host response (such as SIRS)
to infection followed by life threatening organ dysfunction.® Sepsis is considered to be
severe when it is associated with organ hypo-perfusion or dysfunction characterised by one
or more of the following:

prolonged capillary refill time,
increased lactate,

oliguria or acute kidney injury,

altered mental state,

acute respiratory distress syndrome,
disseminated intravascular coagulation
and or hypotension.®

Sepsis is a medical emergency which requires immediate and appropriate medical
attention.®®)

In attempt to improve the mortality rate of patients who are diagnosed with sepsis an
international expert panel was assembled in 2004: the Surviving Sepsis Campaign (SSC).
In the latest guidelines (2016) for the management of sepsis, SSC recommends that it is
best practice to do blood cultures prior to administration of antibiotics, to optimise



identification of infective organisms. However, SSC also states that antibiotic therapy should
not be delayed whilst waiting for a blood culture to be done.®® This is important to take
note of as district hospitals in the Free State are not equipped with blood culture facilities.
At these hospitals; prior to referral, antibiotics are administered to patients diagnosed with
sepsis. This influences the true results of blood cultures collected at receiving hospitals.

Blood cultures remain the mainstay of identification of causative organisms of sepsis as well
as the organism'’s sensitivity profile to certain antibiotics.*2®3 Blood culture results guide
physicians to use appropriate antibiotics and to de-escalate from broad spectrum antibiotics
to specific antibiotic therapy which forms the cornerstone of antibiotic stewardship.®* Blood
cultures remain essential in high quality management of sepsis.® Patient survival during
sepsis depends on prompt initiation of appropriate antibiotics.

The shortcoming of blood cultures is that only 5 to 13% of cultures will turn out to be
positive and roughly 20 to 56% of these will represent contaminants.”’ Organisms generally
accepted as contaminants include: coagulase negative staphylococci, Corynebacterium
species, Bacillus species, Clostridium perfringens, micrococcus species and Viridans
streptococci.®® The College of American Pathologists defines a contaminant as the
presence of aforementioned organisms in only one of a series of blood culture specimens.>
Contaminant organisms are most often cultured when sterility during sample collection is
jeopardised. It may happen that organisms which are classified as contaminants sometimes
cause infections. Contaminants are suspected to be causative of sepsis when:

two different blood culture samples culture the same contaminant organism

a patient deteriorates and persistently cultures the same organism

certain diagnoses are made such as infective endocarditis or

in clinically deteriorating premature infants where contaminant organisms commonly
are causative organisms of sepsis.(3)(16)

In clinical practice, to differentiate whether a contaminant organism is truly the causative
organism of sepsis remains difficult. Most often the help of medical microbiologists are
required to assist clinicians in making the right decisions regarding antibiotic treatment of
contaminant organisms.

Difficulty in distinguishing between contaminants and true bacteraemia leads to increased
admissions of patients who could have been managed as outpatients, increased length of
stay in hospital, unnecessary additional laboratory testing and inappropriate antibiotic
exposure which may cause the emergence of drug resistant organisms. (:>)(16)

Studies done in paediatrics reveal factors that can contribute to an increase in false blood
culture results such as:

e Syndromic case management with ceftriaxone at primary care level. In South Africa all
children who are identified with danger signs at primary level clinics receive empiric
ceftriaxone.

e The diminutive size of paediatric patients. Suboptimal blood volumes are collected.

There are currently no consensus guidelines on the volume of blood that needs to be

inoculated in blood culture bottles in paediatric patients.

Poor compliance with hand hygiene practices.

Lack of use of sterile gloves.

Inadequate patient skin preparation by the physician who is collecting the sample.

Inadequate preparation of blood culture bottle-top with antiseptics.

Collection of only one blood culture specimen due to financial restraints.



e General lack of knowledge amongst physicians regarding the importance of correct
blood culture collection and the diagnostic as well as therapeutic implications of blood
culture results.

e Lack of standardised policy with regards to when and how to collect blood cultures.
Overcrowding of a unit, i.e. too many patients admitted to a specific ward and increased
patient to doctor ratio,P(DAAANAS(AEY17)(AE)

Baron et al. (2013) state that the interpretation of specimens submitted to microbiology for
analysis depends entirely on the quality of the specimen that is submitted. Specific emphasis
is made that the quality of the blood culture specimen is influenced by the specimen
management. Optimal blood culture specimen management can be described in terms of
so called pre-analytical factors; that is: volume of blood collected, timing of sample
collection, sampling site, skin preparation and knowledge of the correct technique of blood
culture sampling.(19(13)20)(16)

Itis also clear from literature that improvement in specifically blood culture specimen quality
will greatly improve patient outcome with sepsis in terms of patient survival, hospital
infection control, antibiotic stewardship, patient length of stay, hospital costs, laboratory
costs and laboratory efficiency.(!9(0(12)20)(16)17)

The South African Society for Clinical Microbiology (SASCM) endorses blood culture
sampling technique as described by Ntusi et a/. (2010). This guideline aims to: improve the
quality of blood culture sampling, reduce the contamination of blood samples collected and
thus improve the management and ultimately outcome of patients with sepsis.?
Unfortunately, in a study done by Abrahams et a/. (2015) it was found that there was poor
adherence to these standards and that this possibly could explain a higher than acceptable
contamination rate in blood cultures done in their study.®® Contamination rate of blood
cultures is obtained from the following equation: (contaminated blood cultures divided by
the total amount of cultures done within the same period) X100 and is reported as a
percentage.® Internationally accepted rates of blood culture contamination are 3%.?%

A recent study done by Needham et a/. (2018) states that by reducing the contamination
rate of blood cultures at their facility from 2.85% to 1.54% saved the hospital on average
$49 998 per month (roughly R750 000). They achieved this reduction in blood culture
contamination rate by the following interventions:

e Standardising blood culture sampling by means of a protocol for all paediatric and
neonatal wards, paediatric intensive care units and neonatal intensive care units

e Optimising blood volume collection by proposing a weight-based blood volume chart
(Addendum A). It should be mentioned that optimising blood volume inoculated in the
blood culture bottle, directly correlates with an increase of detection rate.(*?

e Education of staff with regards to the importance of blood culture results and
confidentially providing feedback to members of staff regarding contamination of blood
cultures.

This study confirmed that it is possible to decrease the blood culture contamination rate,
and thereby patient morbidity and hospital costs, by enforcing simple measures which are
less expensive than phlebotomy teams or ready to use blood culture kits.(16)

Selek et al. (2014) concluded that every laboratory should conduct a yearly determination
of blood culture contamination rate. Should this rate be more than 3% measures should be
taken to identify and correct the underlying problem as patient safety might be
compromised.



To the candidate’s knowledge, there are no studies previously done at Paediatric
Departments of Pelonomi- and Universitas Hospitals with regards to identifying the blood
culture contamination rate.

3.

PROBLEM STATEMENT

Sepsis is a major cause of morbidity and mortality in South African paediatrics. The
cornerstone of sepsis management remains identification of the causative organism and
appropriate antibiotic therapy. Blood cultures are currently still the gold standard by which
causative organisms and their sensitivity profile can be identified. However, blood culture
sampling is often left to be done by less experienced clinicians or done in suboptimal
circumstances (such as not using sterile gloves).

4.

7.

STUDY QUESTIONS

What is the blood culture contamination rate at the Department of Paediatrics at
Pelonomi- and Universitas Hospitals for the months of May — and July 2019?

What are the blood culture sampling practices in the Department of Paediatrics at
Pelonomi- and Universitas Hospitals?

AIM OF STUDY

To assess the blood culture contamination rate at the Department of Paediatrics at
Pelonomi- and Universitas Hospital for the months of May and June 2019.

To determine the practices of blood culture sampling amongst clinicians in the
Department of Paediatrics in June 2019 by means of anonymous questionnaires.

STUDY OBJECTIVES

To determine the blood culture contamination rate in the Department of Paediatrics at
Pelonomi- and Universitas Hospital for the months of May and June 2019 by means of
the NHLS database.

To describe blood culture sampling practices amongst clinicians by means of analysing
anonymous questionnaires.

To give feedback to the Department of Paediatrics at Pelonomi- and Universitas
Hospitals regarding clinician practice of blood culture sampling.

METHODOLOGY

7.1 Study design

This study will be designed as a descriptive study. Blood culture contamination rates for
May and June 2019 will be determined by means of NHLS data. Clinician blood culture



sampling practices will be described by means of questionnaires.

7.2 Study population

The study population will include the following:

e All the clinicians (interns, medical officers, registrars and consultants) working in the
Department of Paediatrics of Pelonomi and Universitas Hospitals during May 2019 to
August 2019. Currently the department has roughly 70 employed clinicians. Clinicians
will be recruited during a compulsory weekly Departmental Meeting. During this
meeting the researcher will hand out a questionnaire to all the clinicians present. After
the meeting, questionnaires will be dropped off in a box. Data collected from
questionnaires will be used to describe blood culture sampling practices amongst
clinicians.

e Admission blood culture results performed in the Department of Paediatrics of Pelonomi
and Universitas Hospitals during the months of May 2019 to August 2019 as obtained
from the NHLS. This will allow the researcher to calculate the blood culture
contamination rate for the months 1 May 2019 to 27 August 2019.

7.3 Sampling

No sampling will be used for the questionnaires as all the dlinicians working in the
Department of Paediatrics will be included. Data regarding the blood culture sampling
practices will be obtained from anonymous questionnaires. Estimated 70 questionnaires will
be printed.

Data regarding admission blood cultures done during May 2019 to August 2019 at the
Department of Paediatrics of Pelonomi-and Universitas Hospitals will be obtained from the
National Health Laboratory Services (NHLS) database. Estimated 300 blood culture results
will be received.

7.4 Measurement

All the admission blood cultures that are collected in the Department of Paediatrics at
Pelonomi- and Universitas Hospitals for May to August 2019 will be analysed. The NHLS
database will be used to supply all the blood culture results which were performed during
this period. This will allow the researcher to determine the blood culture contamination
rates for 1 May to 27 August 2019.

During these four months (1 May — 27 August 2019), once final approval has been received;
questionnaires will be handed out to all the clinicians working in the Department of
Paediatrics during the months of May to August 2019. These questionnaires will be handed
out during a weekly Departmental meeting. The researcher will explain to clinicians how to
correctly complete the questionnaires, reassure them that it is a voluntary and anonymous
questionnaire. Time will be set apart during two of these meetings to complete a
questionnaire. Completed questionnaires will be dropped off by clinicians in a box, so as to
aid in anonymity. Analysis of completed questionnaires will aid the researcher in describing
blood culture collection practices at the Department of Paediatrics of Pelonomi- and
Universitas Hospitals.

It is important to note that intern medical officers rotate on a four monthly basis through



the Department of Paediatrics; hence the specific timespan of this study. A new group of
intern medical officers will start working in the Department of Paediatrics on 30 April 2019
and finish their paediatrics rotation on 27 August 2019.

7.5 Errors in methodology

Questionnaires that will be circulated to clinicians might not be completed thoroughly or
honestly. In attempt to minimise this error in data collection, instructions on how to
complete the questionnaire will be attached to the questionnaire handed out and a pilot
study done.

Not all the clinicians will be able to attend lectures.

Data from the questionnaires will only be used to assess blood culture practices during the
study period in the study population. The goal of these questionnaires is to get an idea of
the practices of blood culture sampling in the study population. Data from these
questionnaires will be used to identify problem areas during the blood culture sampling
procedure. Data from the questionnaires cannot be used to explain individual blood culture
contaminants as this is not the study objectives.

During this study period intern doctors will rotate from Neonatal Unit to Paediatrics and vice
versa. This will mean that not all the doctors who collected blood cultures in May 2019 will
be the same doctors who collect blood culture samples in July 2019. However all of the
doctors, irrespective of this rotation will be able to complete the questionnaires during a
weekly Departmental Meeting, once final approval has been received.

7.6 Exclusion criteria

All blood cultures that were not performed upon admission of patients with sepsis will be
excluded. This is to prevent bias. It can happen that once a patient has a positive blood
culture that following cultures can remain positive for a prolonged period of time. Should
this be included in the study it will skew the results so as to decrease the true contamination
rate.

All cultures than on patients less than 30 days of age will be excluded as neonates can have
sepsis due to organisms that are otherwise classified as contaminants.

7.7 Pilot study

Two clinicians in the Department of Paediatrics of Pelonomi and Universitas Hospital will be
identified and asked to complete a questionnaire (cf. Addendum B). After completing the
questionnaire, feedback will be obtained from them and questionnaire adjusted accordingly.
Should no adjustments be made, these two questionnaires will be included in the study
population.

7.8 Data analysis

Descriptive statistics namely means and standard deviations or medians and percentiles will
be calculated for continuous data. Frequencies and percentages will be calculated for
categorical data. The analysis will be done by the Department of Biostatistics.

7.9 Implementation of findings



Once this study is completed and an article written; feedback of findings will be given via a
presentation to the Department of Paediatrics at Pelonomi- and Universitas Hospitals as
well as the Department of Health of the Free State. Guidelines regarding blood culture
sampling will be suggested. This study will also aim to be published in a peer review journal.

7.10 Budget
Printing of questionnaires, protocol and article R250
Preparation for  tutorials (whiteboard markers) R50
Transport costs R200
Total R500
8. ETHICS

Prior to data sampling and pilot study; the following procedure will be followed:

e The study protocol will be submitted to the Health Sciences Research Ethics Committee
(HSREC) at the Medical Faculty of the University of the Free State for review and
approval.

e Consent will be obtained from the Department of Health in the Free State and the
National Health Laboratory Services (NHLS).

Whilst the study is underway; data will be managed as follows:

e NHLS data and patient records will be managed with confidentiality. Patient records
will not leave Pelonomi- or Universitas Hospital grounds.

e Data will be saved on the researcher’s personal computer (which is password protected)
and only be shared with the Department of Biostatistics at the University of the Free
State.

e  Questionnaires will be completed anonymously and by self-determination.

Completed questionnaires will be placed in a box by the participants.

9. TIME SCHEDULE

Submission for HSREC approval March 2019
Approval from NHLS and Free State Department of Health July 2019
Pilot study July 2019
Questionnaires to all doctors in the Department of Paediatrics June/July/August 2019
Data collection: blood culture results End of August 2019
Data analysis, writing of article and feedback November 2019




10. Addendums



ADDENDUM A

PROPOSED BLOOD VOLUME CHART REVEALING THE OPTIMAL VOLUME RECOMMENDED
BASED ON PATIENT'S WEIGHT

Recommended Blood Culture Volume by Wt (per Blood Culture Set Collected)
Wt Wt BD Bactec Peds

Plus BD Bac_:tec Plus BD Bactgct Plus Total Volume
Range, Range, Bloo Aerobic Blood Anaerobic Blood to Be Drawn,
kg b d Volume, mL Volume, mL Volume, mL mL
<5 <11 1a N/A N/A
5-10 11-22 pL N/A N/A
10.1-20 22.1-44 3a N/A 3b
20.1-40 44.1-88 N/A 5C sb 10
>40 >88 N/A 10€ 10P 20

Table extracted from Needham et a/. (2018)(6)


http://pediatrics.aappublications.org/content/142/4/e20180244.figures-only#fn-8
http://pediatrics.aappublications.org/content/142/4/e20180244.figures-only#fn-8
http://pediatrics.aappublications.org/content/142/4/e20180244.figures-only#fn-8
http://pediatrics.aappublications.org/content/142/4/e20180244.figures-only#fn-9
http://pediatrics.aappublications.org/content/142/4/e20180244.figures-only#fn-10
http://pediatrics.aappublications.org/content/142/4/e20180244.figures-only#fn-9
http://pediatrics.aappublications.org/content/142/4/e20180244.figures-only#fn-10
http://pediatrics.aappublications.org/content/142/4/e20180244.figures-only#fn-9

ADDENDUM B

GUIDELINES FOR COLLECTING BLOOD CULTURE SPECIMENS AS PER SASCM

STANDARDS%

1. Blood cultures (BC) should be collected if there is a clinical suspicion of a blood stream
infection.

2. Informed consent should be obtained prior to performing a BC.

3. BCs should be obtained prior to administration of antibiotics.

4, Hand washing should be performed prior to performing a BC.

5. Hands should be disinfected prior to performing a BC.

6. Sterile gloves should be used when performing a BC.

7. BCs should be drawn from peripheral sites.

8. BCs should be collected from separate venepuncture sites.

9. Puncture site should be sterilised using appropriate disinfectant.

10. Skin disinfectant should be allowed time to dry before inserting the needle.

11. BC bottle tops should be disinfected prior to inoculation.

12. Bottle-top disinfectant should be allowed time to dry prior to inoculation.

13. Needles should not be exchanged between BC collection and inoculation of BC bottles.

14. BC should be inoculated first, if blood is collected for other tests.

15. Minimum of two BCs should be drawn within 24 hours.

16. Aerobic BC bottles should be used in a resource-limited area.

17. Minimum of 20 mL of blood should be obtained for each BC. (Please note: this is of relevance
to adult medicine.)

18. BC should be correctly labelled.

19. Laboratory request form should include patient identifiers, site, date and time of collection,
clinical information regarding suspected diagnosis, and contact details of requesting doctors.

20. BC should be documented in the clinical notes.

21. BC bottles should be left at room temperature if there is a delay in transporting them to the
laboratory.

22. BC bottles should be delivered to the laboratory as soon as possible. Number 1 to 22 is

extracted from Abrahams et a/. (2015). (14)



ADDENDUM C

QUESTIONNAIRE

Cover letter and questionnaire will be stapled into one document.
Dear Colleague,

Blood cultures form an integral part of sepsis management and antibiotic stewardship. Research
done by Abrahams et a/. (2015) confirmed that there is poor compliance with blood culture specimen
collection standards which negatively impact blood culture results.(*)

In attempt to improve management of paediatric patients with sepsis at Pelonomi- and Universitas
Hospitals, I have designed a research study to assess the technique in which blood cultures are
collected from paediatric patients.

By completing a questionnaire; you are consenting that it was done out of free will and also aiding
me with data collection.

The questionnaire is anonymous; please give an honest answer by giving one answer per question.
This study has been approved by the University of the Free State’s Health Sciences Research Ethics
Committee (HSREC). Please note that these results might also be published in an academic journal.

Kind regards,

Dr RC Krause
072 329 1632



Dear Colleague,

Thank you for taking time to complete a questionnaire. For this study to be a true reflection of what
happens in clinical practice, kindly adhere to the following:

e  Honestly Indicate the most correct answer (as applicable to your clinical practice) with a cross
(X).

e  Mark only one answer per question.

e  Complete the entire questionnaire.

Should any question be unclear: raise your hand and I will explain the question.

Regards,
Dr Krause.

1. Please indicate your gender (for demographic use only):

Male Female ‘

2. At which level you are currently employed:

Intern Medical officer |Registrar Consultant

3. Are you aware of the South African Society for Clinical Microbiology guidelines for
blood culture specimen collection?

Yes No |

4. Since starting working in the Department of Paediatrics, have you ever had a lecture
about the importance of blood cultures?
Yes No

5. Since starting working in the Department of Paediatrics, have you ever had a lecture
about the correct collection technique of blood cultures?

Yes No

6. How often do you obtain informed consent prior to collecting blood culture
specimen?
Always Frequently [Sometimes  [Rarely Never

7. Do you collect blood culture specimen prior to antibiotic administration?

Always Frequently |Sometimes  [Rarely Never

8. Do you wash your hands prior to blood culture sample collection?

}Always ‘Frequently ‘Sometimes |Rare|y ‘Never ‘

9. How often do you wear sterile gloves when performing a blood culture?

}Always ‘Frequently ‘Sometimes |Rare|y ‘Never ‘




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

How often do you collect a blood culture specimen from a separate venepuncture

site, i.e. a site other than a newly inserted drip site?

Always

Frequently

Sometimes

Rarely

Never

When you have inserted a new drip, how often do you collect a blood culture sample

from the drip?

Always

Frequently

Sometimes

Rarely

Never

How often do you allow time for skin disinfectant to dry prior to inserting the

needle?

Always

Frequently

Sometimes

Rarely

Never

How often do you disinfect blood culture specimen bottle top prior to collection?

Always

Frequently

Sometimes

Rarely

Never

How often do you allow time for blood culture specimen bottle top to dry prior to

inoculation?

Always

Frequently

Sometimes

Rarely

Never

How often do you change needles between specimen sampling and inoculation of

blood culture bottle?

Always

Frequently

Sometimes

Rarely

Never

When sampling blood for other tests as well as a blood culture, do you inoculate
blood culture bottle first?

Always Frequently  [Sometimes |Rarely Never

When there is a delay in blood culture transport to laboratory, do you leave blood
culture bottle at room temperature?

Yes No

Generally, what volume of blood do you inoculate into paediatric blood culture
bottles?

<1 mL 1-2mL >2mL Uncertain

Referring to question 18, how often do you inoculate this volume?

Always Frequently Sometimes  Rarely Never




20.

21.

22,

23.

24,

25.

Generally, what antiseptic do you use when cleaning the venepuncture site?

Chlorhexidine Povidone IAlcohol Todine Uncertain
with alcohol tincture swabs

When a patient presents with a clinically diagnosable focus of infection and is being
admitted to hospital, is it necessary to do a blood culture?

es No |

On a day that is busier than normal; do you still observe aseptic technique whilst
collecting a blood culture?
es No |

After disinfecting a patient’s skin, do you repalpate the vein?

es No |

With specific reference to uncooperative patients, do you ask for assistance to aid
iﬁ restraining the‘patient whilst collecting a blood culture sample?
es No

Please name 4 factors that is required to improve the true yield of blood cultures
and to reduce the risk of contamination.



ADDENDUM D

DATA SHEET
Organism cultured
Identifier | \ame Of organism Contaminant Yes (Y) or
cultured v No (N) . i
€ | determined by dinical O growt
notes
Totals:

Identifier: Episode number as per NHLS data. BC: Blood culture.

Indication: Reason for blood culture being requested indicated on NHLS requisition form.
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