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Purpose: Whether the coronavirus disease 2019 (COVID-19) pandemic had any effect on the time between blood culture collection
and administration of antibiotics in the outpatient Department of Emergency Medicine in a single university hospital in Japan was
investigated, and the intervention carried out by the antimicrobial stewardship team (AST) to promote the appropriate use of
antibiotics was examined.

Patients and Methods: The monthly percentage of patients who visited the outpatient Department of Emergency Medicine between
January 2019 and December 2021 and received an intravenous antibiotic within 3 hours of blood culture collection was calculated. The
AST calculated a quality indicator (QI) based on the results of the investigation and started QI monitoring and hospital feedback.
Results: From January 2020 to March 2021 (the third COVID-19 wave), the implementation rate of antibiotic administration within 3
hours after blood culture collection decreased as the COVID-19 pandemic spread, and the implementation rate tended to increase as
the number of COVID-19-positive patients decreased. However, when the AST started monitoring and feedback from April 2021,
although there was a temporary decline in the early stages of the fifth wave when the scale of infection was large, the implementation
rate rose and was maintained by AST intervention. (the fourth and the fifth COVID-19 waves) (P<0.01). Also, the implementation rate
was significantly lower during the COVID-19 pandemic than during the non- pandemic (P<0.05).

Conclusion: The early COVID-19 pandemic may have affected the delay in time from blood culture collection to antibiotic
administration. Later, in recurring COVID-19 pandemics, AST intervention eliminated this problem. When a bacterial infection
such as sepsis is suspected, delayed treatment can be prevented by promptly collecting a blood culture, irrespective of concerns about
COVID-19 infection. Calculating the QI may promote AST activities and the appropriate use of antibiotics.
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Introduction

Each year, 30 million cases of sepsis occur worldwide, and six million cases are estimated to die; sepsis therefore remains
one of the most fatal conditions.' Sepsis is a time-sensitive illness, and its prognosis can improve if an early diagnosis is
made, and appropriate treatment is carried out.' The 2016 Surviving Sepsis Campaign Guidelines (SSCG) state that
antibiotic treatment should be started within 1 hour of identifying sepsis; however, the 2021 revision to the guidelines
recommends that antibiotics be administered immediately, ideally within 1 hour when there is the possibility of septic
shock or in adults with a high likelihood of developing sepsis, and within 3 hours when there is possible sepsis without
shock.? In the Japanese Antimicrobial Stewardship Guidelines, monitoring recommendations include the time to
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administration of the first antibiotics.” However, coronavirus disease 2019 (COVID-19) spread rapidly throughout the
world from the end of 2019 and was declared a global pandemic by the WHO in March 2020. Japan likewise declared
a state of emergency in April 2020, and caring for COVID-19 patients became the focus of many healthcare facilities,
which impacted routine care practices.* Further measures were taken, such as reducing outpatient care services and
adjusting the flow of day-to-day work to ensure the safety of patients and medical professionals. Due to these measures,
chest computed tomography scans were performed to rule out COVID-19 when symptomatic patients with fever visited
outpatient departments, which consequently caused delays in the diagnosis and treatment of bacteremia.’

The COVID-19 pandemic also caused delay in perform a physical examination. It is possible that these delays may
have contributed to delayed initial treatment with antibiotics following blood culture collection after visiting hospitals,
but no studies that focused on whether the COVID-19 pandemic impacted the time between blood culture collection and
initial treatment with antibiotics could be identified.

In the present study, first whether the COVID-19 pandemic impacted the time between blood culture collection and
antibiotic treatment in the Department of Emergency Medicine of a single university hospital in Japan was investigated.
Second, with the aim of right time blood culture collect and administering antibiotics without delay regardless of the
COVID-19 pandemic, referring to guideline® and previous report,® the implementation rate of intravenous antibiotics
within 3 hours of blood culture collection was then set as a new quality indicator (QI). Finally, the effect of data
monitoring and hospital feedback by the antimicrobial stewardship team (AST) was subsequently evaluated.

Materials and Methods

Data were retrospectively extracted from the medical records of patients administered intravenous antibiotics after collection
of a blood culture during their visit to the outpatient Department of Emergency Medicine at Juntendo University Hospital
between January 1, 2019 and December 31, 2021. The percentages of cases in which procedures from blood culture collection
to administration of intravenous antibiotics were carried out within 3 hours were calculated by month, and the figures from
before and after the COVID-19 pandemic were compared using the mean pre-COVID-19 implementation rate for 2019 as the
baseline. The exclusion criteria were (1) unknown time of blood culture collection and (2) patients whose blood culture
collection and intravenous antibiotic administration took place on consecutive days. The details investigated were the patients’
age, sex, presence or absence of a positive blood culture (and bacterial species if positive), diagnosis at the time of blood
culture collection, the quick Sequential Organ Failure Assessment (QSOFA) score (blood pressure, respiratory rate, level of
consciousness), time of blood culture collection, and time of administration of intravenous antibiotics.

The AST has set QIs for treatment of Infectious Diseases and implemented antimicrobial stewardship within
hospitals.” Therefore, a new QI was set based on this investigation’s results, and data monitoring and hospital feedback
were started from April 2021.

This study used SPSS for windows Ver.29 for data processing, Welch’s #-tests were used for comparisons between
before and after AST intervention groups, at COVID-19 pandemic spread duration. Also, it was used for comparisons
between pandemic and non-pandemic COVID-19 duration on the implementation rate of intravenous antibiotics within 3
hours of blood culture collection. A value of P< 0.05 was considered statistically significant.

This study was conducted with the approval of the Juntendo University School of Medicine Research Ethics
Committee (E22-0204-HO1). Because this study used data from existing electronic medical records, the requirement
for written, informed consent was waived. The purpose of the study and the opportunity to opt out were provided on the
Juntendo University website. This study complies with the Declaration of Helsinki.

Results

Table 1 shows the data of the target patients. The total number of patients with antibiotics administered by the
Department of Emergency Medicine at Juntendo University Hospital was 573 in 2019, 512 in 2020, and 547 in 2021.
Number of emergency patients with blood cultures collection before antibiotics administered was 570 in 2019, 499 in
2020, and 545 in 2021. Of these, the number of positive blood cultures was 121 in 2019, 130 in 2020, and 126 in 2021.
The main diagnoses at the time of blood culture collection were urinary tract infection, pneumonia, and cholangitis. The
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Table | Participants’ Characteristics

2019 n (%) | 2020 n (%) | 2021 n (%)
Number of emergency patients treated 23,092 24,645 24,205
Number of emergency patients transfers 6923 5914 6462
Number of emergency patients with antibiotics administered 573 512 547
Number of emergency patients with blood culture collection before antibiotics administered 570 499 545
Number of emergency patients with positive blood cultures 121 130 126
Number of emergency patients with positive blood cultures by qSOFA score classification
qSOFA <2 94 (77.7) 94 (72.3) 98 (77.8)
qSOFA >2 27 (22.3) 36 (27.7) 28 (22.2)
Breakdown of confirmed or suspected organ infections
Respiratory system (Pneumonia, etc.) 157 (27.4) 146 (27.3) 120 (21.9)
Urogenital system (urinary tract infection, inflamation of epididymis, etc.) 131 (22.9) 103 (20.1) 140 (25.6)
Digestive system (cholangitis, abscess, enteritis, etc.) 151 (26.4) 165 (32.2) 175 (32.0)
Skin and soft tissue (cellulitis, etc.) 31 (54) 38 (7.4) 22 (4.0)
Bone and joints (Arthritis, vertebral inflamation, etc.) 4 (0.7) 5 (1.0) 10 (1.8)
Cardiovascular system (infective endcarditis) 3 (0.5) 6 (1.2) 7 (1.3)
Central nervous system (Meningitis, etc.) 12 (2.1) 2 (0.4) 6 (1.1
Gynecological system (pelvic inflamation, cervicitis, etc.) 12 (2.1) 8 (1.6) 6 (1.1
Catheter-associated bloodstream infection 2 (0.3) 3 (06) 4 (0.7)
Other 70 (12.2) 36 (7.0) 67 (10.4)

number of patients with a positive blood culture whose qSOFA score was 2 or higher, indicating an increased risk of
sepsis, was 27 in 2019, 36 in 2020, and 28 in 2021.

The trend in the rate of patients administered intravenous antibiotics within 3 hours of blood culture collection
(hereinafter “implementation rate”) and the collection of 2 sets of blood cultures rate is shown in Figure 1. The collection
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Figure 2 Comparison of antimicrobial administration rates within 3 hours of blood culture before and after AST intervention.

rate of two sets of blood cultures was maintained at a high level. On the other hand, the average annual implementation
rate in 2019 was 88%. From January 2020 to March 2021 (1st to 3rd waves) after the COVID-19 pandemic spread,
monthly trends in the blood culture collection rate showed a decrease with COVID-19, and then an increase as the
number of COVID-19-positive patients decreased. However, when the AST started monitoring and feedback from
April 2021, although there was a temporary decline in the early stages of the fifth wave when the scale of infection
was large, the implementation rate rose and was maintained by AST intervention. (the fourth and the fifth COVID-19
waves) (P<0.01) (Figure 2). Also, non-pandemic period (January 2019-March 2020), the average implementation rate
was 89%, while the average implementation rate was 85.1% significantly lower in the pandemic period (first wave: April-
May 2020, 2nd wave: July-August 2020, 3rd wave: November 2020-March 2021, 4th wave: April-May 2021, 5th wave:
July-October 2021) (P<0.05) (Figure 3).

Discussion

Sepsis involves dysregulation of the host’s biological response to infection and causes life-threatening organ damage.
When infection is suspected, a patient usually has symptoms, including a fever exceeding 38.5 °C, a dry cough, shortness
of breath, and diarrhea. In patients with a severe febrile illness, a blood culture to rule out bacterial infection is absolutely
necessary.® Also, to maximize the chances of identifying culprit pathogens, blood cultures should be done before
antibiotics are administered.’

Bacteremia has a particularly high mortality, and early administration of antibiotics is proven to reduce mortality.'
Riiddel et al reported that delayed start of treatment for infection increased 28-day mortality in patients with sepsis or
septic shock, and that delay to administration of antibiotics increased the risk of mortality and the risk of progression
from sepsis to septic shock, irrespective of the presence or absence of septic shock,'! which also suggests the importance
of prompt administration of antibiotics after blood culture collection when infection is suspected.

The qSOFA score is used to screen for sepsis outside the ICU. In a previous study, 70% of patients without an
infectious disease with a qSOFA score of 2 or higher had a poor prognosis. On the other hand, less than 30% of patients
with an infectious disease had a qSOFA score of 2 or higher; they point out that the presence or absence of infectious
disease should therefore not be judged based on the gSOFA score alone.'? The latest guidelines state that, as a general
rule, screening for sepsis should not be carried out using the gSOFA score alone.” The present investigation showed
results consistent with those of an earlier study for the number of blood culture collection patients with a gSOFA score of
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Figure 3 Comparison of antimicrobial administration rates within 3 hours of blood culture before and after COVID-19 pandemic.

2 or higher each year (4.7% in 2019, 7.0% in 2020, and 5.1% in 2021). This suggests the importance of not assessing
patients using the qSOFA score alone and promptly administering antibiotics after blood culture collection in cases of
suspected sepsis.

The 2012 UK Surviving Sepsis Campaign recommends de-escalation of antibiotics based on the microbiological
findings of a blood culture conducted before administering antibiotics.'> Overuse of broad-spectrum antibiotics can be
a risk factor for the development of resistant pathogens, and blood culture collection also appears to be important from
the perspective of antimicrobial stewardship. Based on these recommendations, a high blood culture collection rate of
92% has been reported in the field of intensive care medicine in Japan.'* However, the authors could find no academic
papers on blood culture collection rates outside the field of intensive care medicine, which means that the current
situation regarding antimicrobial stewardship is unclear. Outside of Japan, the development of QIs is being promoted to
evaluate the appropriate use of antibiotics, and QIs are reported to be effective in improving antimicrobial stewardship in
routine clinical care.'> A QI is defined as “a measurable element of practice performance with evidence or consensus that
it can be used to assess the quality of care provided”.'® The AST of our hospital has therefore set “the rate of
implementation of intravenous antibiotics within 3 hours of blood culture collection” as a QI and has started feedback
on blood culture collection rates and awareness-raising activities via a newsletter.

Immediately after COVID-19 was declared a global pandemic, blood culture collection rates showed a downward
trend. This was likely due to disruption of the medical system caused by COVID-19, the threat to the mental and physical
health of healthcare professionals,'” and the consequent impact on clinical diagnoses.’ If infectious disease is suspected,
it was no change in our hospital policy of “blood cultures collection before antibiotics are administred”. But, the results
of the present investigation also suggest that prioritizing tests to rule out COVID-19 in patients with symptoms of fever
and disruption to the medical system caused by COVID-19 contributed to the decrease in the blood culture collection
rate. However, no large decrease in the blood culture collection rate was seen from June 2021, when awareness-raising
activities were started, despite the continued spread of the pandemic.

In addition, the implementation rate of intravenous antibiotics within 3 hours of blood culture collection was 88%
before COVID-19 became a global pandemic. This is better than the report that 73.9% of patients diagnosed with sepsis
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in Japanese Emergency Departments received antibiotics within 3 hours.'® Thereafter, AST awareness-raising activities
were able to improve it to the same level as the average implementation rate in 2019 from June 2021.

We believe that setting a QI and visualization through feedback contributed to maintaining the blood culture
collection rate and contributed to recovery of the implementation rate of intravenous antibiotics within 3 hours of
blood culture collection.

A limitation of the present investigation was that the QI, ie, the implementation rate of intravenous antibiotics within
3 hours of blood culture collection, only partly assessed the appropriate use of antibiotics. Therefore, the evaluation of
the process, such as the rate of antibiotic de-escalation based on blood culture results and the rate of antibiotic
discontinuation, was not included. Furthermore, the study was conducted in a single university hospital in Japan. This
means that evaluation of the process is needed, as described above, in addition to the blood culture implementation rate
and time to treatment start, in addition to the blood culture implementation rate and time to treatment start. Clinical
outcomes of patients associated with this process also need to be assessed, in addition to the process of appropriate
antibiotic use.

Conclusion

In conclusion, the early COVID-19 pandemic may have affected the delay in time from blood culture collection to
antibiotic administration. Later, in recurring COVID-19 pandemics, AST intervention eliminated this problem. When
a bacterial infection such as sepsis is suspected, delayed treatment can be prevented by promptly collecting a blood
culture, irrespective of concerns about COVID-19 infection. Calculating the QI may promote AST activities and the
appropriate use of antibiotics.
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