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Background: The prevalence of pyogenic liver abscess (PLA) is increasing worldwide. However, evaluation on its economic burden
is still lack.

Methods: A retrospective study that included all patients identified PLA from 2017 to 2020 was conducted. Clinical information and
hospital costs were collected through the electronic medical records. We evaluated the economic burden using disability-adjusted life
years (DALYs). Differences in socioeconomic burdens between Klebsiella pneumoniae-caused liver abscesses (KPLA) and non-
Klebsiella pneumoniae-caused liver abscesses (non-KPLA) were compared.

Results: We found 327 patients identified PLA in the study, including 146 with KPLA and 181 with non-KPLA. The demographic
characteristics, median hospital stay, severity, and in-hospital mortality were similar between the two groups. The median total in-
hospital cost was higher in the non-KPLA than in the KPLA group, although no statistical difference was found ($3607.2 vs $3424.6;
P = 0.446). The median DALY loss was significantly higher in the KPLA than in the non-KPLA group [1.49 (0.97-2.30) vs 1.27
(0.87-1.89); P = 0.033)], and male patients presented a higher average DALY loss than female patients. KPLA had a substantially
greater median indirect economic loss than the non-KPLA group [$1442.8 (915.9-17,221.5) vs $1232.5 (764.6-15,473.0); P = 0.028],
and indirect economic loss exhibited a significant increase from 2017 to 2020 in patients with PLA. No differences were found in the
socioeconomic burden between the two groups [$8019.6 (4200.3-21,832.1) vs $7436.4 (4023.2-19,063.9); P = 0.172].
Conclusion: The economic burden of PLA is significant, particularly in patients with KP. Patients with KPLA experienced increased
DALY loss and indirect economic loss than non-KPLA. PLA must be prioritized as the indirect economic burden rises annually.
Keywords: pyogenic liver abscess, Klebsiella pneumoniae, socioeconomic burden, disability-adjusted life years

Introduction

Pyogenic liver abscess (PLA) is an intrahepatic purulent infection caused by various microorganisms. With the rise of
diabetic patients, abdominal invasive surgeries for hepatobiliary diseases, longer life expectancies, and widespread use of
immunosuppressive drugs in organ transplants and malignancy patients, the incidence of PLA has increased globally with
regional variations.' According to previous studies, the incidence of PLA increased from 11 to 15 cases per 100,000
population between 2000 and 2011 in Taiwan.” The crude annual incidence in China mainland increased from 0.9 to 5.3
cases per 100,000 population between 2000 and 2011.'* Therefore, the social and economic burden cannot be
overlooked.

DALY is a metric widely used for evaluating disease burden. It was first proposed in the Global Burden of Disease
(GBD) study” and has been widely used since then.” ® It is the summation of the lives lost due to death and the time lived
in disabled states due to the disease.’

Previous articles on PLA have focused on clinical and microbiological aspects'®'* and ignored the socioeconomic
burden of PLA, specifically KP-related PLA. Liu et al'> explored the economic burden of PLA but only focused on the
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direct hospitalization costs. No reports have explained the indirect socioeconomic costs of PLA yet. In this study, we
retrospectively evaluated the direct hospitalization costs, indirect socioeconomic burden, and disability-adjusted life
years (DALYSs) in patients with PLA and their dynamic changes in recent years. This may improve our understanding of
the socioeconomic status of patients with PLA and enhance infection prevention strategies. Although the problem of
KPLA has raised widespread concern, little is known about the influence of KP on economic burden. Therefore, we
aimed to clarify the potential clinical and economic cost of KPLA.

Materials and Methods
Study Population and Design

A retrospective cohort study of adult inpatients with PLA at the Second Affiliated Hospital and Yuying Children’s
Hospital of Wenzhou Medical University (Wenzhou, China) was conducted from January 1, 2017, to December 31, 2020.
The inclusion criteria were as follows: (1) clinical manifestations or imaging findings of liver abscess; (2) complete
clinical data and hospital costs for analysis; (3) age >16 years old. Exclusion criteria included the following: (1) amoebic
or tuberculosis liver abscess; (2) cases with incomplete clinical data; (3) age<16 years old. During this period, patients
with PLA hospitalized more than once for the same pathogen were considered as one case. Then, the enrolled cases were
divided into two groups according to the results of blood or pus culture: a monomicrobial KPLA and a non-KPLA group.

Identification of KP and determination of antimicrobial susceptibility were performed using the broth microdilution
method and interpreted following Clinical and Laboratory Standards Institute (CLSI) guidelines.'®

Data Collection and Definition

The data of all cases included in the study were reviewed from the electronic medical record, including demographics
(age and gender), comorbidities, Charlson comorbidity index, intensive care unit (ICU) admission, hospital length of
stay(LOS), severity of illness (Acute Physiology and Chronic Health Evaluation (APACHEII) score), clinical outcome,
30-day readmission, and hospitalization costs.

Hospitalization costs included drugs, laboratory tests, imaging and surgery costs. We converted all the costs into US
dollars ($) with annual exchange rate according to the National Bureau of Statistics from 2017 to 2020."”

The direct economic burdens were the sum of all expenditures during hospitalization in our study.

The indirect economic burden of PLA was evaluated by DALYs and human capital; therefore, the indirect economic
burden= DALYs x GDP per capita x productivity weight.'®'* The productivity weights were different among different
age groups. The weights of the 0—14 years group without social wealth created was 0.15; the weights of the 15-44 and
45-59 years groups with more wealth created were 0.75 and 0.80, respectively; for people aged > 60 years, the weight
dropped to 0.1."%1?

DALYs for PLA were the sum of the years of life lost (YLL) for all deaths due to this disease and years lost due to
disability (YLD) for people living in unhealthy conditions caused by this disease, and the formula was DALYs = YLLs +
YLDs. The calculations for YLLs and YLDs were as follows:

YLLs [y, K. f) = KC& [ (B + 7 { PP [—(p 4+ (L + @) = 1] = PP (= (p+ pJa— 1]} + 1 = K/y(1 =)

YLDs [y, K, f} :D{KCeﬂ“/w+y>2{e*<f’“><““> [—B+PL+a)—1]—e P~ (B+p)a— 1]} +1-K/y(1- e*’L)}

where vy, B, and C are fixed constants. The values in the formula we used were recommended by the World Health
Organization (WHO).?° v is the discount rate (0.03), B is the age weighting coefficient (0.04) and C is the age weight
adjustment factor (0.1658).” For other parameters, D is the disability duration.” According to the WHO’s Global Burden
of Disease (GBD) template,' the value of disability weight (D) ranges from 0.006, 0.051, and 0.133 based on mild,
moderate, and severe infections.'®

The socioeconomic burden including direct and indirect economic burden in our study. According to Jo C’s article,*?
economic burden of disease is stratified into three categories-direct, indirect, and intangible costs. Since the intangible
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costs have seldom been quantified in studies due to the measurement difficulties and related controversies, socio-
economic burden mainly focus on the first two cost categories.

Statistical Analysis

We used IBM SPSS Statistics 23.0 software to complete all statistical analyses. Categorical variables were compared
using Pearson’s y° test or two-tailed Fisher’s exact test. Continuous variables were compared using Student’s #-test or
Mann—Whitney U-test as appropriate following the data distribution types. Categorical variables were reported as
numbers and percentages. Continuous variables were reported as mean + standard deviation (SD) or median and
interquartile range (IQR), as appropriate. We considered P < 0.05 was statistically significant.

Ethical Considerations

This study was approved by the Ethics Committee of the Second Affiliated Hospital and Yuying Children’s Hospital of
Wenzhou Medical University (approval number:YJ-2022-K-103-01), and followed the ethical principles of the
Declaration of Helsinki 1964. Written informed consent was waived due to the retrospective nature of the study,
which was approved by the ethics committee. All patient data were anonymized prior to the analysis.

Results

Patient Characteristics
From January 1, 2017, to December 31, 2020, 327 patients were enrolled in the study. These included 146 cases with
KPLA and 181 cases with non-KPLA.

No differences were found in the sex, age, median LOS, antibiotic susceptibility, abscess site, APACHE II score, or
in-hospital mortality rate between the two groups (Table 1). Patients with KPLA were more likely to be admitted to the
ICU (9.6% vs 3.9%, P = 0.036) but less likely to receive 30-day readmission for recurrence (4.1% vs 13.3%, P = 0.004)

Table | Features and Socioeconomic Burden of the Patients with PLA Caused by KP or Non-KP

Parameter Non-KPLA KPLA P value

N=181 N=146
Sex, male 110(60.8) 87(59.6) 0.828
Age, mean(£SD) 64.62(x14.21) 62.03(£14.76) 0.109
Admitted to ICU 7(3.9) 14(9.6) 0.036
Length of stay (days) [median (IQR)] 18.00(12.00-23.00) 20.00(14.00-26.25) 0.092
Comorbid illnesses
Diabetes mellitus 60(33.1) 86(58.9) 0.000
Biliary tract diseases 79(43.6) 39(26.7) 0.002
Charlson comorbidity index, (median, IQR) | 1.00(0.00-2.00) 1.00(0-2.00) 0.591
Types of Infection 0.007
Community acquired 160(88.4) 141(96.6)
Hospital acquired 21(11.6) 5(3.4)
Antibiotic susceptibility
ESBL 4(2.2) 4(2.7) 1.000
MDRO 9(5.0) 6(4.1) 0.711
Abscess site 0.947
Left lobe 41(23.3) 36(24.8)
Right lobe 109(61.9) 90(62.1)
Both lobes 25(14.2) 18(12.4)
caudate lobe 1(0.6) 1(0.7)

(Continued)
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Table 1 (Continued).

Parameter Non-KPLA KPLA P value
N=181 N=146

Abscess size (maximum diameter), cm 0.006

<5cm 64(37.0) 30(20.8)

5-10cm 95(54.9) 102(70.8)

>10cm 14(8.1) 12(8.3)
Gas-Forming 9(5.2) 13(9.0) 0.182
Complications
Metastatic complications 14(7.7) 9(6.2) 0.581
Sepsis 47(26.0) 60(41.1) 0.004
Septic shock 15(8.3) 16(11.0) 0412
APACHEII score, (median, IQR) 8.00(5.00-10.00) 8.00(6.00-10.00) 0.429
Percutaneous drainage 99(54.7) 132(90.4) 0.000
In-hospital mortality, n (%) 7(3.9) 6(4.1) 0911
30-d readmission for recurrence 24(13.3) 6(4.1) 0.004
Costs (Median, IQR, $)
Total direct economic burden 3607.2(2126.1-6340.2) 3424.6(2592.1-5777.9) 0.446
Laboratory tests 303.4(224.2416.9) 379.5(279.0-554.5) 0.000
Imaging 180.9(117.1-283.1) 163.1(98.9-233.4) 0.118
Operation 72.2(0-125.5) 81.7(71.9-93.8) 0.017
Medicine 1814.5(1014.3-3231.5) 1704.0(1079.2-2948.7) | 0.818
Antimicrobial 837.7(495.8-1369.9) 996.8(625.9-1372.6) 0.207
Total DALYs 304.5 293.2
Per case DALYs 1.27(0.87-1.89) 1.49(0.97-2.30) 0.033
Indirect economic burden 1232.5(764.6—15473.0) 1442.8(915.9-17221.5) | 0.028
Social economic burden 7436.4(4023.2-19063.9) | 8019.6(4200.3-21832.1) | 0.172

Note: Data are expressed as numbers (%) unless otherwise stated.

Abbreviations: KP, Klebsiella pneumoniae; PLA, pyogenic liver abscess; SD, standard deviation; ICU, intensive care unit; APACHE,
acute physiology and chronic health evaluation; IQR, interquartile range; ESBL, extended-spectrum beta-lactamase producing;
MDRO, multi-drug resistant organis; DALY, disability-adjusted life years.

than those in the non-KPLA group. As for comorbidities, diabetes mellitus was more common in the KPLA group
(58.9% vs 33.1%, P < 0.001), while biliary tract diseases were more common in the non-KPLA group (43.6% vs 26.7%,
P =0.002). However, the Charlson Comorbidity Index between the two groups had no significant difference (P = 0.591).
With regard to complications, sepsis was more common in the KPLA group (41.1% vs 26.0%, P= 0.004), whereas no
differences were found in metastatic complications and septic shock (P>0.05). The clinical characteristics of the two

groups are summarized in Table 1.

Direct Economic Burden

The median of total in-hospital cost in non-KPLA patients was higher than that in KPLA patients, although the difference
was not statistically significant ($3607.2 vs $3424.6; P = 0.446). Medical costs constituted the largest part of the in-
hospital cost accounting for 50.3% of in-hospital costs in the non-KPLA group and 50.0% in the KPLA group. KPLA
patients had higher median laboratory test and operation costs than non-KPLA patients [($379.5 (279.0-554.5) vs $303.4
(224.2-416.9); P < 0.001, $81.7 (71.9-93.8) vs $72.2 (0-125.5); P < 0.001) (Table 1).
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Table 2 Comparison of disability-adjusted life year (DALY) loss from

2017 to 2020
Year Number n | Average DALY, | Average DALY, Year
Year
Male Female
2017 9l 1.8 22 1.3
2018 68 1.8 2.1 1.5
2019 79 1.7 1.7 1.6
2020 89 1.9 22 1.6
Total 327 1.8 2.1 1.5

Abbreviation: DALY, disability-adjusted life year.

Disability-Adjusted Life Year (DALY) Loss
The median DALY loss in the KPLA group was significantly higher than that in the non-KPLA group [1.49 (0.97-2.30)
vs 1.27 (0.87-1.89); P = 0.033)] (Table 1). The average DALY loss for patients with PLA was 1.7-1.9 years, decreasing
first and then increasing from 2017 to 2020 (Table 2). The average DALY loss in males was significantly higher than that
in females every year, while it presented a more obvious increase in females (Table 2 and Figure 1). The average DALY

loss was the highest in patients aged 30-39 years and the lowest in those aged >80 years (Table 3).

Indirect Economic Burden and Socioeconomic Burden

The median indirect economic burden was significantly higher in the KPLA group than the non-KPLA group [$1442.8
(915.9-17,221.5) vs $1232.5 (764.6-15,473.0); P = 0.028, but no differences were found in the socioeconomic burden

257

Average DALY

Figure | Average DALYs from 2017 to 2020 of patients with PLA by sex.
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Table 3 Socioeconomic Burden to Patients Caused by PLA in Different Age Groups

Age Number, n Average Average Average Average
group, DALY, Year Indirect Direct Social Economic
Year Economic | Economic | Burden, $
Loss, $ Loss, $
17-29 9 4.4 32037.3 35427 35580.0
30-39 I 5.7 42429.5 3523.0 45952.5
40-49 32 28 22265.0 3273.1 25538.1
50-59 60 2.7 20731.1 5067.9 25799.0
60-69 104 1.5 1476.6 5160.8 6637.4
70-79 67 0.9 886.2 5607.0 6493.2
=80 44 0.6 599.6 6474.8 7074.3
Total 327 1.8 9023.6 5127.6 14151.2

Note: All results reported as US $.
Abbreviations: PLA, pyogenic liver abscess; DALY, disability-adjusted life year.

Table 4 Yearly Socioeconomic Burden per Patient in Patients with PLA from 2017 to

2020
Year GDP per Average Average Social Economic Burden, $
Capita Direct Indirect
A . Average | Male Female

Economic | Economic

Loss, $ Loss, $
2017 8776.4 5948.9 7396.1 13345.0 15462.3 | 10522.0
2018 9651.5 53255 84482 13773.7 15947.5 | 11020.1
2019 10320.8 43032 8626.4 12929.6 13396.9 | 11858.8
2020 10578.5 4868.5 11480.0 16348.4 18631.5 | 13139.7

Note: All results reported as US $.
Abbreviation: GDP, gross domestic product.

between the two groups [$8019.6 (4200.3-21,832.1) vs $7436.4 (4023.2-19,063.9); P = 0.172 (Table 1). The indirect
economic burden increased significantly from 2017 to 2020 in patients with PLA, while the socioeconomic burden first
decreased and then increased during this period (Table 4). Every year, males had a higher socioeconomic load than
females, but this increased more in females (Table 4 and Figure 2). The average indirect economic burden was the
highest in patients aged 30-39 years and lowest in those aged >80 years. However, the socioeconomic burden was
highest in patients aged 30-39 years and lowest in those aged 70-79 years (Table 3).

Discussion

Researches on socioeconomic impact of PLA are lack at present. To the best of our knowledge, this is the first study
assessing the indirect and direct economic losses of PLA. Furthermore, the current study introduced DALY to assess the
economic burden more comprehensively, making it possible to compare it with other diseases. No significant differences
were found in the baseline information of patients in our study. Thus, we can make a comparison directly in economic
burden between the two groups without considering confounding factors.

We observed that the cost of laboratory tests and operations was higher in the KPLA. This was mainly due to the higher rate
of ICU admission and percutaneous drainage in the KPLA group. But no significant increase was observed in total direct costs.
This may owing to the rapid and effective treatment for all patients, and the length of hospital stay were similar between the
two groups. We observed that the largest part of the direct cost was the medicine cost, and antimicrobial costs accounting for
nearly half of all medical costs in patients with PLA. We considered that the etiology of liver abscess may have a significant

impact on subsequent treatment as well as the hospitalization cost, especially for biliary diseases, biliary tumors and diabetes
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Figure 2 Average socioeconomic burden from 2017 to 2020 of patients with PLA by sex.

mellitus. But, the number of patients with biliary tumors and biliary diseases needed treatment in our study were few which
made the analysis impossible. A large samples study is needed in the future.

In this study, we used DALY to analyze indirect economic burden. DALY includes the reduction in working time and social
productivity due to a patient’s condition like illness, disability, or death.” It is commonly used in many diseases to compare
different disease burdens.’*' We found that the median DALY's were higher in KPLA than non-KPLA (1.49 vs 1.27 DALY3).
Moreover, the average DALY ranged from 1.7 to 1.9 years, with a stable trend from 2017 to 2020. It showed a significantly
lower burden than other infectious diseases reported.”> According to previous studies® that focused on analyzing DALY in
infectious diseases, the medians per case loss of influenza, hepatitis B, tuberculosis, and invasive pneumococcal disease were
0.01, 2.79, 3.58, and 2.74 DALYsS, respectively.23 The DALY values of PLA are low in our analysis, but we think they are
reasonable. DALY is the sum of the years of life lost for all deaths due to this disease and years lost due to disability for people
living in unhealthy conditions caused by this disease. Death and longer lost years are heavily weighed. PLA has a shorter disease
course and lower fatality rate than other chronic diseases; hence, small values are reasonable.

We found that indirect economic burden increased annually from 2017 to 2020 in our study. We inferred that the
indirect economic burden caused by PLA will increase continuously in the future as the incidence of PLA rises. Besides,
patients with PLA aged 30-39 years showed the highest indirect economic loss, which may due to the high productivity
weight of younger people.'®!? The productivity weight and DALY of young cases with mortality were exceptionally
high; therefore, fewer such individuals may cause a considerable amount of indirect economic loss.

In our study, we found that direct economic loss decreased annually from 2017 to 2020. And, the direct economic loss
increased with age. Patients with PLA aged >80 years showed the highest indirect economic loss. This may be linked to
the longer length of stay for older patients according to previous study.”*
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What’s more, we also found that the socioeconomic burden actually decreased with age in our study. This is because
socioeconomic burden includes direct and indirect economic burden. And its results depend on the one with the larger
share. In our study, in patient < 60 year old, indirect economic burden accounts for a larger proportion and the
socioeconomic burden share the same trend that decreased with age. While, in patient> 60 year old, though direct
economic burden accounts for a larger proportion but there were no significant difference among different age groups.
Therefore, the socioeconomic burden showed a decreasing trend with age. Moreover, we found that the socioeconomic
burden showed a significant gender difference. It was higher in males than females every year, possibly due to the higher
incidence and mortality of PLA in males.

This study indicated that the rate of diabetes mellitus was higher in the KPLA group than that in the non-KPLA group.
According to previous reports,**> 2’ diabetes mellitus was more common in the KPLA, accounting for 56.8%—75.0%. It has
been reported that KPLA patients with diabetes mellitus had higher metastatic complications.*” While, we found no difference
in metastatic complications between the two groups in our study. This may be because it was not the diabetes mellitus itself but
the level of glycemia plays a key role in metastatic complications according the Lin et al’s research.”® However, the data of
glycemia was unavailable in our study. Therefore, further research on this aspect is required in the future.

We found no significant differences in imaging features like abscess site and gas-forming, except for a larger abscess
size in KPLA cases. This was different from other research,?’ which showed that KPLA was associated with a lower
incidence of multiple abscesses and bilobar abscesses, as well as higher metastatic complications. We found that more
patients with KPLA underwent percutaneous drainage compared to non-KPLA in our research. We considered that the
larger size of abscess and more serious complications in the KPLA group were the main reasons.

In this study, we observed that patients with KPLA were more likely to be admitted to ICU, consistent with previous
reports.”’ This may be due to the higher rate of sepsis in patients with KPLA in our study. According to previous
research, KPLA was frequently associated with serious complications like metastatic infections and sepsis,**® specifi-
cally in hypervirulent Klebsiella pneumoniae (hvKP) infections.”>**>° But patients with KPLA did not cost more in the
direct economic burden and social economic burden than patients with non-KPLA. This phenomenon may be attributed
to effective and timely treatment. But further investigation on the economic burden of hvKp-PLA is required for a more
comprehensive understanding.

Our study exists several limitations. First, bias are difficult to avoid completely due to its retrospective nature. Our
study identified no baseline differences; however, the disease prevalence and treatment choices may differ from those of
other medical institutions. Second, due to the difficulties in data collection, we ignored the direct non-medical costs such
as transportation costs, food costs and other costs, as well as costs in outpatient or other medical institutions, and all these
may cause the results not fully representing the direct economic burden of disease. Third, patients with hvKP were not
investigated because the information was unavailable, which may underestimate the economic impact of PLA caused by
these bacteria.

Conclusions
In conclusion, the loss of DALY's caused by KPLA is greater than that in non-KPLA. Patients with KPLA are more likely
to experience increased indirect economic loss. PLA requires more attention as the indirect economic burden increases

annually.
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Intensive care unit; DALY, Disability-adjusted life years; E. coli, Escherichia coli; GBD, Global Burden of Disease;
CLSI, Clinical and Laboratory Standards Institute; APACHE, Acute Physiology and Chronic Health Evaluation; GDP,
Gross domestic product; YLL, Years of life lost; YLD, Years lost due to disability; WHO, World Health Organization;
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