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Chapter 8

ABSTRACT

Community-acquired Pneumonia (CAP) guidelines generally recommend to admit
patients with moderate-to-severe CAP and start treatment with intravenous
antibiotics. This study aims to explore the clinical outcomes of oral antibiotics in
patients with moderate-to-severe CAP. We performed a nested cohort study of
an observational study including all adult patients presenting to the emergency
department of the Haga Teaching Hospital, the Netherlands, between April 2019
and May 2020, who had a blood culture drawn. We conducted propensity score
matching with logistic and linear regression analysis to compare patients with
moderate-to-severe CAP (Pneumonia Severity Index class IlI-V) treated with oral
antibiotics to patients treated with intravenous antibiotics. Outcomes were 30-day
mortality, intensive care unit admission, readmission, length of stay (LOS) and length
of antibiotic treatment. Of the original 314 patients, 71 orally treated patients were
matched with 102 intravenously treated patients. The mean age was 73 years and
58% were male. We found no significant differences in outcomes between the oral
and intravenous group, except for an increased LOS of + 2.6 days (95% confidence
interval 1.2-4.0, p value < 0.001) in those treated intravenously. We conclude that
oral antibiotics might be a safe and effective treatment for moderate-to-severe CAP
for selected patients based on the clinical judgement of the attending physician.
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Oral versus intravenous antibiotic treatment for CAP

INTRODUCTION

Community-acquired pneumonia (CAP) is one of the main causes of mortality
and hospitalisation and is usually treated with one or more types of antibiotics.'->
CAP has an estimated admission rate of 50-2.940 per 100,000 annually in the
adult population of Europe, and is highly dependent of age.*® The costs of CAP are
estimated to be around 10.1 billion euros annually in Europe alone, most of which
comes from inpatient care.?

In current European and American guidelines, treatment location (inpatient or
outpatient) and route of antibiotic administration (oral or intravenous) are based on
a combination of clinical prediction rules and clinical judgement of the physician.®*°
These prediction rules (e.g. the Pneumonia Severity Index (PSl) and CURB-65)
assess disease severity and divide patients in different categories according to
their mortality risk.1*12 For moderate-to-severe CAP (PSI class IlI-V, or CURB-65
score > 2), most guidelines advise hospitalisation and treatment with intravenous
antibiotics.®10

Some studies have explored the possibility of treating CAP patients with oral
antibiotics.'*'®> However, most of these studies did not specify the severity of
disease or only included highly selected patient groups with mild-to-moderate
CAP. Two studies included hospitalised patients with moderate-to severe CAP and
showed similar or even better outcomes for oral treatment compared to intravenous
treatment. Both studies did not specify disease severity in patients with treatment
failure.’*!®> Furthermore, one study showed that a substantial number of patients
presenting to the emergency department (ED) with CAP PSI class IV-V can be
treated at home safely.'®

In this study, we aim to explore the clinical outcomes of oral versus intravenous
antibiotic treatment in patients with moderate-to-severe CAP presenting to the ED
in an observational cohort of patients representing current daily practice in a large
teaching hospital in the Netherlands.

MATERIALS AND METHODS

Study design and setting

This is a nested cohort study of a single-centre observational study, the PredictED
study. The PredictED study aims to predict bacteraemia in patients presenting to
the ED with suspected infection. All patients aged 18 years or older from whom a
blood culture was taken during an ED-visit between April 2019 and May 2020 were
included. This study was conducted at the ED of the Haga Teaching Hospital in the
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Netherlands, a large urban hospital with around 600 beds and 50.000 ED-visits
annually. The PredictED has been registered at the national trial register: [https:/
onderzoekmetmensen.nl/nl/trial/23345].

We included patients with an ED diagnosis of moderate-to-severe CAP, defined as
PSl class IlI-V. If patients visited the hospital multiple times, we only included the
first visit. We only included patients treated with antibiotics for pneumonia within
24 h of the ED-visit. Furthermore, we excluded patients diagnosed with a COVID-19
infection, an aspiration pneumonia or a hospital-acquired pneumonia (HAP), since
these diagnoses require a different treatment approach than for CAP.1° Aspiration
pneumonia was defined as every pneumonia in which, as according to the electronic
health record (EHR), the attending physician strongly considered aspiration to be the
underlying cause and subsequent empirical treatment was started (according to the
local hospital guideline being amoxicillin clavulanic acid or ceftriaxone combined with
metronidazole). Furthermore, patients who were incurably ill due to other diseases
(e.g. cancer) and opted for palliative care after their ED visit were excluded. Finally,
patients who were transferred to other hospitals were excluded.

Treatment

Treatment of CAP was left to the attending physician at the ED. The physicians
followed the local hospital guideline, and could deviate from the first choice in the
guideline based on their clinical judgement (e.g. in case of known pathogens from
previous positive sputum cultures or suspicion of an atypical respiratory pathogen).
Our local hospital guideline recommends treating PSI class llI-IV pneumonia
with oral amoxicillin 750 mg, 3 times a day (total treatment duration 5 days); or
intravenous amoxicillin 1000 mg, 4 times a day (total treatment duration 5 days).
The choice for oral or intravenous treatment is based on the clinical judgement of
the attending physician at the ED, the local guideline does not contain criteria for
clinical judgement. In case of pre-treatment with amoxicillin or failure of amoxicillin
treatment, the local guideline recommends an oral switch to doxycycline 100 mg,
once a day with a loading dose of 200 mg on the first day (total treatment duration 7
days) or moxifloxacin 400 mg, once a day (total treatment duration 5 days). The first
choice of treatment of patients with PSI class V pneumonia is ceftriaxone 2000
mg, once a day (total treatment duration 5 days). In case of clinical suspicion of an
atypical respiratory pathogen (e.g. Legionella spp.), the addition of a fluoroquinolone
is recommended. Based on the pharmacokinetic profiles, our local antibiotic hospital
guideline committee considers there to be no rationale for treatment with intravenous
amoxicillin or moxifloxacin over oral amoxicillin or moxifloxacin.t’2? Therefore, our
local hospital guideline differs from the Dutch national guideline in the treatment of
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patients with PSl class IlI-IV pneumonia as the latter recommends similar antibiotics
albeit always intravenously.’® This difference with the national guideline gave us
the unique opportunity to compare oral and intravenous treatment for this patient
category.

Variables and data collection

Demographical, clinical, biochemical, and microbiological data were collected
from the EHR. This included the resuscitation code status, describing the type of
resuscitation procedures (cardiopulmonary resuscitation, mechanical ventilation,
and ICU-admission) used in case of a medical emergency. In case a code status was
not documented in the EHR at the time of the ED-visit, two physicians (AK, RR)
reviewed the EHRs to evaluate whether there would have been possible reasons
to restrict the code status to a non-ICU-admission code.

We defined cerebrovascular disease, congestive heart failure, liver disease,
malignancy and renal disease according to the definitions of the Charlson
Comorbidity Index.?® In addition, pulmonary disease was defined as the presence of
chronic pulmonary disease including asthma, chronic obstructive pulmonary disease,
cystic fibrosis, pulmonary hypertension, or obstructive sleep apnoea. Besides that,
immunosuppressant use was defined as the use of medication suppressing the
immune system, including the chronic use of glucocorticosteroids, cyclosporine,
methotrexate, azathioprine, cyclophosphamide, tacrolimus and biologicals. Recent
antibiotic use was defined as use of antibiotics up to seven days prior to ED-visit.
Finally, we defined altered mental status as a Glasgow Coma Scale < 15 points or
a note of altered mental status.?

We collected data on antibiotic treatment regimens. Patients were classified as
either ‘Oral’ or ‘Intravenous’ according to the method of administration of the first
antibiotic regimen. Patients who were given only one dose of intravenous antibiotics
and then switched to an oral antibiotic were categorised in the oral treatment
group as it is not uncommon at our ED to administer the first dose of antibiotics
intravenously before starting oral treatment. Therapeutic antibiotic switches were
defined as a change of antibiotic treatment to a more broad-spectrum or entirely
different spectrum of antibiotics, or a change from oral to intravenous antibiotics.

Biochemical data consisted of the laboratory test results at the ED required to
calculate the PSl-score and inflammatory markers (white blood cell count and
C-reactive protein (CRP)). In addition, the presence of pleural effusion on the chest
X-ray was documented. Based on these demographical, clinical, and biochemical
variables the PSl-score was calculated for all patients.
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Microbiological data consisted of all blood and sputum cultures, polymerase chain
reactions (PCR) of nasopharyngeal swabs for viral respiratory pathogens, urinary
antigen tests and atypical respiratory pathogen tests taken within 48 h of the ED-
visit.

Outcomes

The primary study outcome was 30-day mortality. Secondary study outcomes were
ICU-admissions, unplanned readmissions within seven days of discharge, length of
hospital stay (LOS) and length of antibiotic treatment.

Statistical analysis

Descriptive statistics were presented as numbers and percentages, means and
standard deviations (SD) or medians and interquartile ranges (IQR), as appropriate.
A two-sided p value < 0.05 was considered statistically significant.

Missing data was imputed ten times using Multiple Imputation by Chained Equation
(MICE).?® Rubin’s rules were then used to create a single dataset.?® Since blood pH
is most likely not to be missing at random, we assumed missing values meant a
blood pH > 7.35, as it was the clinical judgement of the physician to not perform a
blood gas analysis. Since the assignment of oral or intravenous treatment was not
random, we performed a propensity score weighted analysis. We estimated the
propensity score with a binary logistic regression model consisting of all individual
parameters as used in the PSI, using the absolute values where possible, history
of pulmonary disease, use of immunosuppressants, recent use of antibiotics, non-
ICU code, CRP, peripheral oxygen saturation and the need for oxygen therapy.
Matching was done using the nearest neighbour method without replacement, with
a 1:2 ratio and a caliper of 0.2 of the SD of the logit of the propensity score.?” This
created a population in which potential confounders were balanced, defined as a
standardised mean difference less than 10%.?” Finally, for the analysis of primary
and secondary outcomes we performed Firth's logistic regression analysis and linear
regression analysis on the matched cohort, with correction of the propensity score
using a spline function. We performed the LOS analysis for all patients and for only
admitted patients.

We conducted multiple post-hoc sensitivity analyses: one among all admitted
patients whose diagnosis at discharge remained a respiratory infection and were
therefore not misdiagnosed.?® Other sensitivity analysis consisted of only admitted
patients, only non-deceased patients and an analysis using only the patients in
the oral group that did not receive a first, intravenous dose of antibiotics at the
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ED. Finally, we performed regression analysis using traditional correction for
confounders, using the same variables as used for the propensity score model.

We reported descriptive outcomes according to multiple subgroups; per PSl class,
per bacteremia status, per sepsis status (defined as a qSOFA of 2 or more), per
viral coinfection status and according to a level of procalcitonin = 0.25 ng/mL.>° We
reported microbiological outcomes and antibiotic treatments for the matched cohort
and the complete cohort. Statistical analyses were performed using R Statistical
Software version v4.2.2; R Core Team 2022.

Ethics

The PredictED study was approved by the Medical Ethics Committee and the
Institutional Scientific Review Board of the Haga Teaching Hospital (protocol
T18-040). The need for informed consent was waived by The Medical Ethics
Committee Leiden The Hague Delft. All methods were performed in accordance
with relevant guidelines and regulations. In this study, we adhered to the STROBE
reporting guideline for cohort studies.

RESULTS

Of the 2332 patients presenting to the ED, 314 were diagnosed with a moderate-
to-severe CAP. Of those, 88 were treated orally and 226 intravenously (see Fig.
1). After propensity score matching (PSM), 71 patients in the oral group were
matched with 102 patients in the intravenous group.

The oral and intravenous group were similar regarding demographics, comorbidities,
and code status (Table 1). In the original cohort, more patients in the intravenous
group presented with an altered mental status, a higher heart frequency and
respiratory rate, and a lower systolic blood pressure and oxygen saturation than the
oral group. The median PSI score was higher in the intravenous group (112 vs. 96).
33 out of 76 patients with PSI class Il were treated orally (43%) while most patients
with PSl class V were treated intravenously (62/67, 93%). The entire intravenous
group was hospitalised, while 69% of the patients in the oral group were admitted.
After PSM, all variables were balanced across the treatment groups except for
systolic blood pressure and recent use of antibiotics (See love plot, Appendix 1).
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PredictED study

n=2332
l No respiratory infection
I n=1462

Respiratory infection

n=870
l SARS-CoV-2 infection
! n=166

Suspected pneumonia

n=704
l No AB started for pneumonia <24 hours
Il n=160

Pneumonia

n=544
l Pneumonia PSI I-1I
! n=151

Pneumonia PSI lll-V

n=393
l HAP or aspiration
I n=48

CAP PSI IlI-V
n =345
Other exclusion criteria
l o Palliative setting: n = 2
l e Transfer other center:n = 13
CAP PSI III-V e >1 CAP episode: n = 16
n=314
Oral AB Intravenous AB
n=88 n=226
Oral AB (PSM) Intravenous AB (PSM)
n=71 n=102

Figure 1: Flowchart of inclusion. AB antibiotics, CAP community-acquired pneumonia, HAP hospital-
acquired pneumonia, PSI pneumonia severity index, PSM: propensity score matching.

Primary outcome

In total, 37/314 patients (11.8%) died during this study, 33 of whom were treated
intravenously (Table 1, Appendix 2). In the propensity score matched population,
4/71 patients (5.6%) died in the oral group and 8/102 patients (7.8%) in the
intravenous group. Three out of four patients in the oral group died due to causes
related to the pneumonia, while the other patient died due to progression of lung
cancer. All eight patients in the intravenous group died due to causes related to the
pneumonia. We did not find a difference in mortality for intravenous versus oral
treatment (aOR 1.1 (0.3-4.7), p=0.84, Table 2).
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Secondary outcomes

A total of 29/314 patients (9.2%) were admitted to the ICU and 22 patients
(7.0%) were readmitted to the hospital within seven days (Table 1, Appendix 2).
No significant differences were seen in ICU-admission rate (aOR 2.8 (0.6-73.2),
p=0.23) and readmission rate (aOR 1.7 (0.5-6.8), p=0.37) between both PSM
groups (Table 2).

In the matched study population, LOS was significantly longer (4 days vs. 2 days)
in the intravenous group (adjusted coefficient: 2.6 days (1.2-4.0), p <0.001). When
limiting the analysis to hospitalised patients, no significant difference in LOS was
found (adjusted coefficient: 1.4 days (- 0.3 to 3.0), p=0.10). Finally, length of
antibiotic treatment did not differ significantly between the oral and intravenous
group (7.0 days vs. 6.5 days, adjusted coefficient: 2.2 days (- 0.1 to 4.6), p = 0.06).

Mortality increased with every PSI class for both groups (Table 3, Appendix 2).
In the matched intravenous group, 6/88 (6.8%) patients with a PSl class IlI/1V were
admitted to the ICU compared to 1/66 (1.5%) in the matched oral group. No orally
treated patients with a PSI'V were readmitted to our hospital.
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Table 3 Primary outcomes per PSl-class.

Oral versus intravenous antibiotic treatment for CAP

Oral (n=71) Intravenous (n = 102)

Mortality, n (%)

PSII 0/22 (0.0) 0/26 (0.0)

PSI IV 3/44 (6.8) 6/62 (9.7)

PSIV 1/5 (20.0) 2/14 (14.3)
ICU-admission, n (%)

PSHI 0/22 (0.0) 1/26 (3.8)

PSI IV 1/44 (2.3) 5/62 (8.1)

PSIV 0/5 (0.0) 0/14 (0.0)
Readmission within 7 days, n (%)

PSHI 1/22 (4.5) 2/26 (7.7)

PSI IV 3/44 (6.8) 7162 (11.3)

PSIV 0/5 (0.0) 0/14 (0.0)
Length of stay (days), median [IQR]

PSII 1[0-2.8] 3[2-4.8]

PSI IV 2 [0-5] 43-7]

PSIV 2.5[0.8-5] 4.5[2.8-7]
Length of stay (days)?, median [IQR]

PSHI 2 [1-4] 3[2-4.8]

PSI IV 3[2-6] 4[3-7]

PSIV 4[2.5-6] 4.5[2.8-7]
Length of antibiotic treatment (days), median [IQR]

PSIIN 7 [5-7] 6.5[6-7.8]

PSI IV 7 [5-8] 7 [5-9]

PSIV 7 [5-7] 6[5.3-8]

Table 3: ICU: Intensive care unit; IQR: Interquartile range; PSI: Pneumonia severity index. a Only hospitalised

patients.

All post-hoc sensitivity analyses showed similar results for all primary and secondary

outcomes (Appendices 3-7). Descriptive outcomes according to the predefined

subgroups can be found in Appendices 8-11.

Microbiology

In the matched study population, blood cultures were positive in 3/71 patients in the

oral group (4.2%) and 12/102 patients in the intravenous group (11.8%). In blood
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cultures, the most common respiratory pathogen was Streptococcus pneumoniae.
Sputum cultures were performed in 29/71 orally treated patients (41%) and 44/102
intravenously treated patients (43%). In the sputum cultures, the most common
respiratory pathogen in both groups was Haemophilus influenzae. Viral swabs
were performed in 40/71 orally treated patients and 54/102 intravenously treated
patients, with Influenza A being the most common pathogen in the oral group (n=3),
while Rhinovirus (n = 4) was most common pathogen in the intravenous group. Urine
antigen tests were more often performed in intravenously treated patients (34%
vs. 14%) (Appendices 12-19).

Antibiotic treatment

In the matched study population, amoxicillin (31/71), doxycycline (19/71),
moxifloxacin (13/71) and amoxicillin clavulanic acid (6/71) were the most common
antibiotics in the oral group; while amoxicillin (38/102), ceftriaxone (27/102),
cefuroxime (15/102) and amoxicillin clavulanic acid (11/102) were most common in
the intravenous group (Appendix 21). In the oral group, 5 out of 71 patients (7%)
switched from oral to intravenous antibiotics (median switch time 1 day?). In the
oral group, 9 patients received a single intravenous dose at the ED (2 received
amoxicillin, 6 ceftriaxone, and 1 ceftriaxone and tobramycin) before starting oral
therapy. In the intravenous group, 84/102 patients (82%) switched to oral antibiotics
(median switch time 2 days!?3). Of these patients, 72/84 (86%) switched within
three days (Appendix 23).

DISCUSSION

In this study, we explored the safety and efficacy of oral versus intravenous
antibiotics as prescribed in current daily practice in patients with moderate-to-
severe CAP (PSl class llI-V) at the ED in a large teaching hospital in the Netherlands.
We found no significant differences in 30-day mortality rate, ICU-admissions or
readmissions. We observed that intravenous treatment was associated with an extra
2.6 days of admission (95% Cl (1.2-4.0), p < 0.001) compared with oral treatment.
This suggests that oral treatment, when based on clinical judgement of the ED-
physician, might be a reasonable treatment option for patients with moderate-to-
severe CAP.

The mortality rate for the complete (unmatched) cohort was higher than expected
based on the PSI score, specifically for those treated intravenously. This is most
likely the result of only including patients for whom a blood culture was performed.
Conversely, orally treated patients showed a lower or similar mortality rate than
expected. This difference may mainly reflect the clinical judgement of the treating
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physician. For instance, the physician decided to treat the patient intravenously even
when the PSI suggested moderate CAP. For the PSI class V patients who were
treated orally, the assessment was made that oral treatment would be sufficient
despite classification as severe CAP. This is also reflected in the differences in
vital functions at baseline. Gut feeling, an important factor in clinical judgement,
was found to be the second most important factor in identifying sepsis in a study
that aimed to gain insight in the clinical decision making in a population of general
practitioners.3® This supports our hypothesis that clinical judgement is an important
factor in assessing severity of illness and choosing the appropriate method of
administration.

In the oral group, 31% were treated as outpatients. In times when healthcare
systems have increasingly limited capacity for inpatient care, exploring treatment
options that can be given outside the hospital are of great importance. Interestingly,
we found no difference in LOS between oral and intravenous treatment for those
admitted to the hospital. This might partly be explained by the fact that 82% of
our intravenously treated patients were switched to oral treatment, of which 86%
switched within three days, which is considered to be an early switch in literature.3!
Such an early switch is associated with a reduction in length of hospital stay of two
days in patients with severe CAP.3!

In this study, 10 out of the 88 patients treated orally received one dose of intravenous
antibiotics before starting oral treatment. As itis known that such a dose has a big
impact on the bacterial load of sensitive micro-organisms, one might argue that our
oral group is actually not a strictly oral group.222* We did allow for this approach,
since one intravenous dose would still allow further treatment at home instead
of hospital admission. The sub-analysis comparing only patients with strictly oral
treatment versus intravenous treatment did not lead to different conclusions.

Oral treatment of CAP has already been widely evaluated and implemented for
the treatment of mild-to-moderate cases.®1%2 However, the role of oral antibiotics
in the upfront treatment of more severe cases has not been sufficiently assessed
despite the high bioavailability of oral antibiotics like amoxicillin, doxycycline and
moxifloxacin.t’1?35 Only two studies with a large majority of moderate-to-severe
CAP patients showed similar or even better outcomes for oral treatment compared
to intravenous treatment, but did not specify the disease severity for patients
with treatment failure.'**® Furthermore, a large observational study in Canada
showed that 13.7% of CAP PSl class IV and V patients could safely be managed
as outpatients.’® Meanwhile, a recent large study showed that the vast majority of
CAP patients are still treated with intravenous antibiotics, and early switch only
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happened in 6% of the patients.3® Our study adds to the evidence that the role of oral
antibiotics could likely be increased in the management of moderate-to-severe-CAP.

A strength of this study is that it is an accurate representation of daily ED practice
in a heterogeneous, real-life population. Furthermore, we believe that the quality
of the data collection was excellent, with almost no missing data. However, our
study also has limitations. First, this study describes a relatively small population
limited to one hospital, which might lead to concerns regarding the power to detect
relevant differences. Therefore, we emphasise that this is an exploratory study, and
our results should not be seen as prove for non-inferiority of oral versus intravenous
treatment. Furthermore, antibiotic treatment regimens will differ according to local
epidemiology and resistance patterns, so extrapolating these results to other regions
should be done with caution. Third, this study is susceptible to information bias,
as we were only able to use the available information in the EHR. Hypothetically,
although it would be unlikely to differ between the two groups, patients could have
been readmitted to other hospitals without our knowledge. Although we applied
state-of-the-art statistical methods such as propensity score matching and multiple
imputation to balance differences between the orally and intravenously treated
patients, there is a risk of residual confounding. We hypothesise that this residual
confounding is mainly caused by clinical judgement, which would be acceptable
since this study was designed to explore the outcomes of patient who were given
oral treatment based on clinical judgement. However, there is a possibility that
other factors have led to residual confounding that we have not taken into account.
Finally, another limitation is the fact that we do not have a clear definition for
clinical judgement, due to the retrospective nature of the study. We believe that
clinical judgment or gut feeling plays a big role in identifying patients suitable for
oral treatment, and future studies should carefully consider how to take clinical
judgement into account.

CONCLUSION

Oral antibiotics appear to be a safe and effective treatment of moderate-to-severe
CAP for selected patients based on clinical judgement of the attending physician.
The dogma ‘oral is the new iv'3” should be the topic of future studies on moderate-
to-severe CAP patients, with the aim to avoid overtreatment, and thereby improving
antibiotic stewardship, and unnecessary hospitalisations.

174



Oral versus intravenous antibiotic treatment for CAP

Data availability

The datasets used in this study are not publicly available as they contain health
related data. Limited datasets without any identifiable data are available from the
corresponding author upon reasonable request.

Funding

The PredictED study was supported by unrestricted grant T18-040 from the Haga
Scientific Research Fund. The funding source had no role in the design and conduct
of the study.

Author information

Author notes
These authors contributed equally: Anna G. Kaal and Rick Roos.

Contributions

All authors contributed to the study conception and design. Material preparation,
data collection and analysis were performed by A.K., R.R. and P.J. The first draft
of the manuscript was written by A.K., R.R., and P.J. and all authors commented
on previous versions of the manuscript. All authors read and approved the final
manuscript.

Ethics declarations

Competing interests

Author MN has an advisory role in the guidelines NAFLD/NASH and GORD and
served as an unpaid QQ member for the Dutch Academic General Practice Network.
All other authors have no relevant financial or non-financial interests to disclose.

175



SUPPLEMENTAL MATERIAL




Oral versus intravenous antibiotic treatment for CAP

REFERENCES

10.

11.

12.

Wunderink, R. G. Community-acquired pneumonia. Infectious Diseases. 2017:251-257.el.
doi: 10.1016/B978-0-7020-6285-8.00028-9. Epub 2016 Aug 12. PMCID: PMC7149822.

McLaughlin, J. M., Khan, F. L., Thoburn, E. A., Isturiz, R. E., Swerdlow, D. L. Rates of
hospitalization for community-acquired pneumonia among US adults: A systematic review.
Vaccine. 2020 Jan 22;38(4):741-751. doi: 10.1016/j.vaccine.2019.10.101. Epub 2019 Dec
13. PMID: 31843272.

Welte, T., Torres, A., Nathwani, D. Clinical and economic burden of community-acquired
pneumonia among adults in Europe. Thorax. 2012 Jan;67(1):71-9. doi: 10.1136/
thx.2009.129502. Epub 2010 Aug 20. PMID: 20729232.

Tsoumani, E., Carter, J. A, Salomonsson, S., Stephens, J. M., Bencina, G. Clinical,
economic, and humanistic burden of community acquired pneumonia in Europe: a
systematic literature review. Expert Rev Vaccines. 2023 Jan-Dec;22(1):876-884. doi:
10.1080/14760584.2023.2261785. Epub 2023 Oct 13. PMID: 37823894.

Kolditz, M., Tesch, F., Mocke, L., Hoffken, G., Ewig, S., Schmitt, J. Burden and risk factors
of ambulatory or hospitalized CAP: A population based cohort study. Respir Med. 2016
Dec;121:32-38. doi: 10.1016/j.rmed.2016.10.015. Epub 2016 Oct 26. PMID: 27888989.

Metlay, J. P., Waterer, G. W., Long, A. C. et al. Diagnosis and treatment of adults with
community-acquired pneumonia. an official clinical practice guideline of the american
thoracic society and infectious diseases society of america. Am J Respir Crit Care Med.
2019 Oct 1;200(7):e45-e67. doi: 10.1164/rccm.201908-1581ST. PMID: 31573350;
PMCID: PMC6812437.

Lim, W. S, Baudouin, S. V., George, R. C. et al. Pneumonia guidelines committee of the BTS
standards of care committee. BTS guidelines for the management of community acquired
pneumonia in adults: update 2009. Thorax. 2009 Oct;64 Suppl 3:iiil-55. doi: 10.1136/
thx.2009.121434. PMID: 19783532.

National Institute for Health and Care Excellence (NICE). Pneumonia in Adults: diagnosis
and management. Published 3 December 2014, updated 7 July 2022.

National Institute for Health and Care Excellence (NICE). Pneumonia (community-acquired):
antimicrobial prescribing. Published 16 September 2019.

Wiersinga, W. J., Bonten, M. J., Boersma, W. G. et al. Management of community-acquired
pneumonia in adults: 2016 guideline update from the Dutch Working Party on Antibiotic
Policy (SWAB) and Dutch Association of Chest Physicians (NVALT). Neth J Med. 2018
Jan;76(1):4-13. PMID: 29380739.

Fine, M. J., Auble, T. E., Yealy, D. M. et al. A prediction rule to identify low-risk patients with
community-acquired pneumonia. N EnglJ Med. 1997 Jan 23;336(4):243-50. doi: 10.1056/
NEJM199701233360402. PMID: 8995086.

Lim, W.S,, van der Eerden, M. M., Laing, R. et al. Defining community acquired pneumonia
severity on presentation to hospital: an international derivation and validation study.
Thorax. 2003 May;58(5):377-82. doi: 10.1136/thorax.58.5.377. PMID: 12728155; PMCID:
PMC1746657.

177



Chapter 8

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

178

Teng, G. L., Chi, J. Y., Zhang, H. M., Li, X. P,. Jin, F. Oral vs. parenteral antibiotic therapy
in adult patients with community-acquired pneumonia: a systematic review and meta-
analysis of randomized controlled trials. J Glob Antimicrob Resist. 2023 Mar;32:88-97.
doi: 10.1016/j.jgar.2022.12.010. Epub 2023 Jan 18. PMID: 36669558.

Erard, V., Lamy, O., Bochud, P. Y., Bille, J., Cometta, A., Calandra, T. Full-course oral
levofloxacin for treatment of hospitalized patients with community-acquired pneumonia.
Eur J Clin Microbiol Infect Dis. 2004 Feb;23(2):82-8. doi: 10.1007/s10096-003-1060-x.
Epub 2004 Jan 15. PMID: 14727149.

Marrie, T. J., Wu, L. Factors influencing in-hospital mortality in community-acquired
pneumonia: a prospective study of patients not initially admitted to the ICU. Chest.
2005 Apr;127(4):1260-70. doi: 10.1378/chest.127.4.1260. PMID: 15821203; PMCID:
PMC7095188.

Marrie, T.J., Huang, J. Q. Admission is not always necessary for patients with community-
acquired pneumonia in risk classes IV and V diagnosed in the emergency room. Can Respir
J. 2007 May-Jun;14(4):212-6. doi: 10.1155/2007/451417. PMID: 17551596; PMCID:
PMC2676365.

Huttner A, Bielicki J, Clements MN, et al. Oral amoxicillin and amoxicillin-clavulanic acid:
properties, indications and usage. Clin Microbiol Infect. 2020;26(7):871-879. doi:10.1016/j.
cmi.2019.11.028. PMID: 31811919.

Obrink-Hansen K, Hardlei TF, Brock B, et al. Moxifloxacin pharmacokinetic profile and
efficacy evaluation in empiric treatment of community-acquired pneumonia. Antimicrob
Agents Chemother. 2015;59(4):2398-2404. doi:10.1128/AAC.04659-14. PMID: 2566615;.
PMCID: PMC4356773.

Van Den Broek AK, Visser CE, Veenstra J, Van Den Berg BTJ, Prins JM, Van Hest RM.
The effect of the acute phase of infection on absorption of and exposure to orally
administered antibiotics in non-critically ill, hospitalized patients. J Antimicrob Chemother.
2023;78(2):389-396. doi:10.1093/jac/dkac401. PMID: 36433818; PMCID: PMC9890209.

Hill SA, Jones KH, Lees LJ. Pharmacokinetics of parenterally administered amoxycillin. J
Infect. 1980;2(4):320-332. doi:10.1016/s0163-4453(80)92720-6. PMID: 7185932.

Sutherland R, Croydon EA, Rolinson GN. Amoxycillin: a new semi-synthetic penicillin.
Br Med J. 1972;3(5817):13-16. doi:10.1136/bmj.3.5817.13. PMID: 4402672; PMCID:
PMC1788503.

de Velde F, Mouton JW, de Winter BCM, van Gelder T, Koch BCP. Clinical applications of
population pharmacokinetic models of antibiotics: Challenges and perspectives. Pharmacol
Res. 2018;134:280-288. doi:10.1016/j.phrs.2018.07.005. PMID: 30033398.

Charlson, M. E., Pompei, P., Ales, K. L., MacKenzie, C. R. A new method of classifying
prognostic comorbidity in longitudinal studies: developpment and validation. J Chronic Dis.
1987;40(5):373-83. doi: 10.1016/0021-9681(87)90171-8. PMID: 3558716.

Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A practical scale.
Lancet. 1974;2(7872):81-84. doi:10.1016/s0140-6736(74)91639-0. PMID: 4136544.

Azur, M. J,, Stuart, E. A, Frangakis, C., Leaf, P.J. Multiple imputation by chained equations:
what is it and how does it work? Int J Methods Psychiatr Res. 2011 Mar;20(1);40-9. doi:
10.1002/mpr.329. PMID: 21499542; PMCID: PMC3074241.

Steyerberg, E. W. Clinical Prediction Models: A Practical Approach to Development,
Validation, and Updating. Springer; 2009.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Oral versus intravenous antibiotic treatment for CAP

Zhao QY, Luo JC, Su Y, Zhang YJ, Tu GW, Luo Z. Propensity score matching with R:
conventional methods and new features. Ann Transl Med. 2021;9(9):812. doi:10.21037/
atm-20-3998. PMID: 34268425; PMCID: PMC8246231.

Dregmans, E., Kaal, A. G., Meziyerh, S. et al. Analysis of variation between diagnosis at
admission vs discharge and clinical outcomes among adults with possible bacteremia. JAMA
Netw Open. 2022 Jun 1;5(6):e2218172. doi: 10.1001/jamanetworkopen.2022.18172.
PMID: 35737389; PMCID: PMC9226997.

Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801-810.
doi:10.1001/jama.2016.0287. PMID: 26903338; PMCID: PMC4968574.

Loots, F. J., Arpots, R., van den Berg, R., Hopstaken, R. M., Giesen, P., Smits, M.
Recognition of sepsis in primary care: a survey among GPs. BJGP Open. 2017 May
3;1(2):bjgpopenl17X100965. doi: 10.3399/bjgpopenl7X100965. PMID: 30564668;
PMCID: PMC6169959.

Oosterheert, J. J.,, Bonten, M. J., Schneider, M. M. et al. Effectiveness of early switch from
intravenous to oral antibiotics in severe community acquired pneumonia: multicentre
randomised trial. BMJ. 2006 Dec 9;333(7580):1193. doi: 10.1136/bmj.38993.560984.
BE. Epub 2006 Nov 7. PMID: 17090560; PMCID: PMC1693658.

Harris AM, Bramley AM, Jain S, et al. Influence of Antibiotics on the Detection of Bacteria
by Culture-Based and Culture-Independent Diagnostic Tests in Patients Hospitalized With
Community-Acquired Pneumonia. Open Forum Infect Dis. 2017;4(1):0fx014. Published
2017 Feb 10. doi:10.1093/ofid/ofx014. PMID: 28480285; PMCID: PMC5414111.

Pertel PE, Bernardo P, Fogarty C, et al. Effects of prior effective therapy on the efficacy
of daptomycin and ceftriaxone for the treatment of community-acquired pneumonia. Clin
Infect Dis. 2008;46(8):1142-1151. doi:10.1086/533441. PMID: 18444848.

Driscoll AJ, Deloria Knoll M, Hammitt LL, et al. The Effect of Antibiotic Exposure and
Specimen Volume on the Detection of Bacterial Pathogens in Children With Pneumonia.
Clin Infect Dis. 2017;64(suppl_3):5368-5377. doi:10.1093/cid/cix101. PMID: 28575366;
PMCID: PMC5447850.

Agwuh KN, MacGowan A. Pharmacokinetics and pharmacodynamics of the tetracyclines
including glycylcyclines. J Antimicrob Chemother. 2006;58(2):256-265. doi:10.1093/jac/
dkl224. PMID: 16816396.

Deshpande, A., Klompas, M., Guo, N. et al. Intravenous to oral antibiotic switch therapy
among patients hospitalized with community-acquired pneumonia. Clin Infect Dis. 2023
Jul 26;77(2):174-185. doi: 10.1093/cid/ciad196. PMID: 37011018; PMCID: PMC10527888.

Davar, K., Clark, D., Centor, R. M. et al. Can the future of ID escape the inertial dogma of
its past? The exemplars of shorter Is better and oral Is the new IV. Open Forum Infect
Dis. 2022 Dec 29;10(1):0fac706. doi: 10.1093/ofid/ofac706. PMID: 36694838; PMCID:
PMC9853939.

179



