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Aims: In the year 2021, human brucellosis ranked fifth in terms of the number 
of cases among all statutorily notifiable infectious diseases in China, thus 
remaining a significant concern for public health. This study aims to provide 
insights into the financial burden of human brucellosis by examining hospital 
stays and associated costs for affected individuals.

Methods: In this retrospective study, we gathered updated data from 467 inpatient 
cases primarily diagnosed with human brucellosis at eight major tertiary hospitals 
in Beijing, China, spanning from 2013 to 2023. To comprehensively explore the 
economic impact on individuals, we not only analyzed the duration of hospital 
stays and total costs but also examined various charge types, including drug, lab 
test, medical imaging, medical treatment, surgical procedures, medical supplies 
and consumables, inpatient bed care, nursing services, and other services costs. 
Statistical analysis was employed to compare differences among gender, age, 
ethnicity, type of health insurance, condition at admission, comorbidity index, 
the performance of surgery, and the site of infection.

Results: Both the length of stay and total cost exhibited significant variations 
among insurance, surgery, and infection site groups. Utilization categories 
demonstrated significant differences between patients who underwent surgery 
and those who did not, as well as across different infection sites. Furthermore, 
multiple linear regression analysis revealed that the condition at admission, 
Elixhauser comorbidity index, infection site, and surgery influenced both 
hospital stay and total cost. In addition, age and insurance type were associated 
with total costs.

Conclusion: By delving into various utilization categories, we have addressed 
a significant gap in the literature. Our findings provide valuable insights for 
optimizing the allocation and management of health resources based on the 
influencing factors identified in this study.
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1 Introduction

Human brucellosis, caused by various species of Brucella bacteria, 
remains a significant global public health concern, with a notably 
pronounced impact in China (1). This infectious zoonotic disease is 
primarily transmitted through the consumption of contaminated 
dairy products or direct contact with infected animals, affecting 
various body systems and some specific sites such as spines, bones, 
joints, and the central nervous system. People infected with Human 
brucellosis typically manifests fever, weakness, sweating, chills, 
myalgia, spinal symptoms and so on. If the disease is not diagnosed 
and treated promptly, it may become chronic and persist for years, 
leading to complications such as osteoarticular, hepatobiliary, 
cardiovascular, and central nervous system diseases (1). Consequently, 
it poses a substantial health and economic burden (2).

China has experienced a steady growth in the incidence of 
human brucellosis cases (3). According to Chinese Center for Disease 
Control and Prevention, the number of cases increased from 
47,425 in year 2020 to 69,767 in year 2021, and the peak season of 
human brucellosis is from March to August. About 95.5% of the total 
cases were centralized in northern China and 31.8% were in Inner 
Mongolia which is of advanced livestock farming (4). People 
frequently contact with domestic animals are potential high-risk 
groups, such as herdsmen, butchers, and veterinarians. The impact 
extends beyond public health, with profound socioeconomic 
repercussions due to healthcare costs, particularly the expenses 
associated with drugs and medications for treating human brucellosis. 
This constitutes a significant portion of the overall healthcare 
expenditure (3). Additionally, the length of hospital stay (LOS) 
directly influences both treatment costs and patient well-being. 
Examining the hospitalization period is crucial for optimizing the 
healthcare system, enhancing patient outcomes, and alleviating the 
strain on medical facilities (5). Furthermore, it can guide future 
policies aimed at minimizing the impact of human brucellosis on the 
Chinese healthcare system.

Existing research on the healthcare cost of human brucellosis in 
China may have limitations, including outdated data or a lack of a 
comprehensive analysis of various utilization categories (6, 7). To 
address these gaps, this study analyzed the healthcare costs of patients 
diagnosed with human brucellosis from eight large tertiary hospitals 
in Beijing from 2013 to 2023. The objective is to provide an up-to-date 
assessment of the factors influencing the length of stay and disease.

2 Materials and methods

2.1 Data source

The data utilized in this retrospective observational study were 
obtained from the Hospital Information System of eight prominent 
tertiary hospitals in Beijing, which also encompassed an infectious 
disease hospital. The study incorporated a total of 499 patients 
discharged between January 1, 2013, and August 31, 2023, with a 
primary diagnosis of human brucellosis, as confirmed by the ICD 
code A23.9. Thirty-two inpatient cases were excluded from the 
analysis; among these, 27 participants were discharged against medical 
advice, while five cases had incomplete data. Although these five cases 
had total cost, the key utilization categories including drug, lab test, 

medical imaging, medical treatment, medical supplies and 
consumables, and inpatient bed care were missing. Ultimately, the 
final analysis included 467 patients. The study’s flow chart, outlining 
patient inclusion and exclusion criteria, is depicted in Figure 1. These 
patients hailed from various regions across China, with the majority 
originating from Hebei Province, Inner Mongolia, and Beijing, 
constituting approximately 30, 14, and 11% of the participants, 
respectively.

2.2 Outcome variables

The primary outcomes under investigation encompassed the 
length of hospital stay in days, total cost, and specific utilization 
categories. Presently, these hospitals operate within a pay-for-service 
framework, where the cost of hospitalization serves as an indicator of 
resource utilization during the clinical treatment of patients 
throughout their hospital stay. Furthermore, in the initial pages of 
hospitalization records, costs are itemized into distinct groups, 
including drug expenses, lab tests, medical imaging, medical 
treatment, surgery, anesthesia, blood costs, medical supplies and 
consumables, inpatient bed care, nursing services, physician and other 
miscellaneous services. For the purposes of this study, costs associated 
with surgical procedures—encompassing surgery, anesthesia, and 
blood-related services—were consolidated due to the relatively minor 
contribution of the latter two items to the total cost. Similarly, 
physician and other miscellaneous services were amalgamated for the 
same rationale.

2.3 Independent variables

In this study, we employed a conceptual framework based on 
Andersen’s health behavior model to assess eight variables, categorized 
as prerequisite, enabling, and demand variables, in the context of 
health services utilization among hospitalized patients with human 
brucellosis. Prerequisite variables include age, gender, and ethnicity. 
Enabling variables encompass the type of health insurance. Lastly, 
demand variables include different infection sites, conditions at 
admission, the Elixhauser comorbidity index, and whether the patient 
underwent surgery.

FIGURE 1

Flowchart of participant enrollment in the study set.
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Specifically, the influencing factors were as follows: age, 
categorized into six groups—1–17 years old, 18–29 years old, 
30–44 years old, 45–59 years old, 60–69 years old, and 70 years old 
and above; gender; ethnicity, categorized as Han and other 
ethnicities; and type of health insurance, divided into four groups—
local health insurance, cross-provincial settlement, out-of-pocket, 
and others. Local health insurance includes basic medical insurance 
for urban employees, urban resident medical insurance, and new 
rural cooperative medical insurance that covers local citizens 
incorporated into basic medical insurance for urban and rural 
residents through reform. Cross-provincial settlement allows any 
patient enrolled in the public medical insurance system to 
be reimbursed for medical and inpatient expenditures, irrespective 
of the province where they received treatment. Out-of-pocket and 
other insurance mainly include government medical insurance. 
Cases grouped under the need for surgery considered whether the 
patient underwent surgery or not; infection sites, grouped into four 
categories—overall body, spine, joints, and other sites (including 
nerve, brain, and liver). According to standard rules, the condition 
at admission was classified into three categories: critical, urgent, and 
mild, identified based on the physician’s knowledge. The 
comorbidity index, with 31 categories of comorbidity defined by the 
Elixhauser comorbidity index (8), was determined by the ICD-10 
and reduced to categorical variables: less than or equal to 0, greater 
than or equal to 1, greater than or equal to 5, and greater than or 
equal to 10.

2.4 Statistical analysis

Outcome variables and covariables were statistically described, 
with participants categorized by sex, age, ethnicity, type of health 
insurance, condition at admission, comorbidity index, whether 
surgery was performed, and site of infection. Intergroup comparisons 
were conducted to examine differences. For length of stay (LOS) and 
cost, due to right-skewed distribution, intergroup comparison 
utilized the rank sum test. The statistical significance level was set 
at 0.05.

In this study, multiple linear regression analysis was performed to 
investigate factors influencing the length of stay and costs of 
hospitalization in human brucellosis cases, where the independent 
variables mentioned above were all included. Due to the right-skewed 
distribution of LOS and costs, logarithm transformations were applied 
to these two outcome variables in the multiple linear regression 
analysis. Additionally, to mitigate the impact of year-to-year variations 
in costs, the year of admission was controlled in a multiple linear 
regression model. Costs were adjusted using the consumer price index 
(CPI), with the costs of 2023 set as the reference year (index value of 
100). All data processing and statistical analysis were conducted using 
Python 3.6 and R 4.2.2.

3 Results

3.1 Hospital stays and total cost

A comparative analysis was conducted on both the hospitalization 
duration and total costs across various groups categorized by eight 

covariables. Table 1 displays the number and proportion (in brackets) 
of patients in each group, along with the median [IQR] Length of Stay 
(LOS), costs, and p-values.

As illustrated in Table 1, human brucellosis exhibited a higher 
prevalence among males, constituting 73.88% of the total population. 
However, there were no significant differences in LOS or total costs 
between the male and female groups. Patient ages ranged from 1 to 
78 years, with a median age of 51 years. The majority fell within the 
45 to 59 years age bracket, representing 44.33% of the population. 
Total costs increased with age, showing significant differences among 
the six age groups. Specifically, the median hospitalization expenses 
for patients aged over 70 years was ¥38,700, approximately 4.6 times 
higher than that of patients aged between 1 and 17 years, and 2.2 
times higher compared to those in the 45 to 59 year-old age bracket. 
However, hospitalization days did not significantly differ across age 
groups. Han ethnicity accounted for over 92% of the study 
population, yet LOS and total costs showed no differences between 
ethnic groups.

Patients with cross-provincial settlement had the highest 
proportion, exhibiting the longest median hospital stay of 
13.99 days and the highest total costs of ¥18,700, followed by 
out-of-pocket, local-site, and other groups, with a median LOS of 
13.35, 9.21 and 7.7 days respectively, and total cost of ¥17,400, 
¥12,300 and ¥7,400, respectively. Significant differences in both 
LOS and total costs were observed among the four insurance 
groups. Regarding admission condition, a substantial portion of 
the population (74.95%) had mild conditions. In contrast, critical 
patients constituted 25.05%, with no significant differences in 
hospitalization days or total costs between the two groups. The 
majority of patients (67.02%) had an Elixhauser comorbidity index 
of level 1, with no differences in hospitalization days or total costs 
among the different index groups.

Approximately 30% of all patients required surgery, 
demonstrating significantly higher LOS and total costs than the 
non-surgical group. Specifically, patients who underwent surgery 
had a median LOS of 20.70 days and hospital expenses of ¥74,900. 
In contrast, the non-surgical group experienced a median stay of 
9.14 days and incurred costs of ¥11,300. In terms of infection sites, 
body infections constituted 64% of human brucellosis cases, with 
proportions for spines, joints, and other sites at 20.56, 7.92, and 
7.49%, respectively. In terms of median stay and total costs, spine 
infections topped the list with an average duration of 18.8 days 
and a cost of ¥72,300. Joint infections followed closely with a 
median stay of 14.88 days and a cost of ¥21,500. Other sites of 
infection had a median stay of 13.22 days and a cost of ¥17,400, 
while body infections had the lowest median stay of 10.02 days 
and a cost of ¥12,400. The total cost of spine infections was 
approximately six times higher than that of body infections, with 
significant differences in both stay and costs among the four 
infection sites.

In summary, firstly, both hospitalization duration and total costs 
exhibited significant differences among groups based on insurance 
status, surgery status, and infection site. Secondly, there were no 
significant differences in hospitalization duration or total costs among 
groups based on sex, ethnicity, admission condition, or Elixhauser 
comorbidity index. Thirdly, while hospitalization days did not 
significantly differ among age groups, total costs did show significant 
differences across these groups.
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3.2 Hospitalization utilization categories

Table 2 presents a breakdown of total costs for the 467 patients in 
this study, totaling approximately 15.5 million yuan. The top five 
utilization categories, in descending order, were medical supplies and 
consumables of 6.07 million yuan, drugs of 3.95 million yuan, lab tests 
of 2.34 million yuan, surgical procedures (surgery, anesthesia, and 
blood) of 0.92 million yuan, and medical imaging costs of 0.83 million 
yuan, accounting for 39.13, 25.47, 15.07, 5.97, and 5.36% of the total 
costs, respectively. The total cost of medical supplies and consumables 
was approximately 1.5 times that of drugs. However, in terms of the 

median cost, the ranking of utilization categories changed. The top five 
cost items were drugs, lab tests, medical imaging, medical supplies and 
consumables, and inpatient bed care costs. Additionally, the median 
cost of drugs was approximately 6 times that of medical supplies and 
consumables. Notably, surgical procedures costs recorded a 
zero median.

We conducted a comparison of the median of each charge type item 
among eight covariable groups, and the rank sum test results are provided 
in the Supplementary material. Drug costs significantly differed among 
age, insurance, surgery, and infection site groups. Lab tests, medical 
treatment, and nursing services costs showed significant differences based 

TABLE 1 Duration of hospital stays and corresponding total cost across different grouping variables.

N (proportion) Length of stay (median 
[IQR]) days

Total cost (median [IQR]) 
10  k¥

Sex Male 345 (73.88) 12.79 [7.02, 19.69] 1.59 [0.78, 5.68]

Female 122 (26.12) 12.91 [7.69, 21.13] 1.72 [0.92, 6.11]

p 0.63 0.412

Age 1–17 15 (3.21) 11.13 [6.63, 19.17] 0.84 [0.56, 1.36]

18–29 53 (11.35) 8.73 [6.03, 15.78] 0.88 [0.59, 1.99]

30–44 67 (14.35) 10.22 [6.88, 16.88] 1.33 [0.72, 3.77]

45–59 207 (44.33) 12.96 [7.89, 20.79] 1.73 [0.85, 6.48]

60–69 104 (22.27) 14.81 [7.83, 21.20] 1.81 [1.05, 8.01]

> = 70 21 (4.50) 15.94 [12.79, 19.94] 3.87 [1.79, 8.03]

p 0.058 <0.001

Ethnicity Han 432 (92.51) 12.96 [7.18, 19.90] 1.65 [0.80, 5.90]

Others 35 (7.49) 9.04 [6.52, 18.73] 1.33 [0.75, 2.39]

p 0.228 0.179

Insurance Local-site 111 (23.77) 9.21 [6.02, 17.78] 1.23 [0.71, 2.53]

Cross-provincial settlement 205 (43.90) 13.99 [8.73, 21.92] 1.87 [0.98, 7.55]

Out-of-pocket 126 (26.98) 13.35 [6.93, 18.78] 1.74 [0.87, 4.26]

Others 25 (5.35) 7.70 [5.09, 13.32] 0.74 [0.44, 1.26]

p <0.001 <0.001

Condition at 

admission

Mild 350 (74.95) 12.95 [7.21, 19.88] 1.59 [0.79, 6.12]

Others 117 (25.05) 11.68 [6.91, 19.68] 1.66 [0.84, 3.71]

p 0.61 0.96

Elixhauser 

comorbidity 

index

1 313 (67.02) 12.94 [7.21, 20.01] 1.57 [0.78, 6.44]

2 80 (17.13) 10.73 [6.02, 18.68] 1.48 [0.79, 2.76]

3 16 (3.43) 11.28 [7.67, 19.21] 1.74 [1.11, 5.14]

4 58 (12.42) 13.36 [8.78, 19.97] 1.83 [1.11, 4.29]

p 0.438 0.265

Surgery No 326 (69.81) 9.14 [6.01, 14.77] 1.13 [0.67, 1.87]

Yes 141 (30.19) 20.70 [15.01, 24.21] 7.49 [5.68, 9.40]

p <0.001 <0.001

Infection 

site

Body 299 (64.03) 10.02 [6.08, 15.96] 1.24 [0.72, 2.37]

Spines 96 (20.56) 18.80 [13.53, 23.76] 7.23 [1.86, 9.51]

Joints 37 (7.92) 14.88 [9.59, 21.72] 2.15 [1.12, 6.80]

Others 35 (7.49) 13.22 [7.02, 17.33] 1.74 [0.79, 2.56]

p <0.001 <0.001

Total 467 (100) 12.80 [7.08, 19.76] 1.63 [0.80, 5.73]
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on insurance, Elixhauser comorbidity index, surgery, and infection site. 
For medical imaging costs and surgical procedures costs, significant 
differences were observed among groups based on age, insurance, 
Elixhauser comorbidity index, surgery, and infection site. Factors related 
to medical supplies and consumable costs were the same as those related 
to surgical procedures costs, except for the Elixhauser comorbidity index, 
where medical supplies and consumable costs did not exhibit a difference. 
Unlike other utilization categories, inpatient bed care and other service 
costs were not significantly different among insurance groups. 
Additionally, inpatient bed care costs were the only item that did not differ 
based on age, but they were the only ones that significantly differed 
among groups based on the condition at admission.

In summary, all utilization categories exhibited significant 
differences based on whether surgery was performed and the 
infection site groups, which were also associated with total cost and 
length of stay. Furthermore, all charge types, except for inpatient 
bed care and other services costs, significantly differed across 
insurance types.

3.3 Regression analysis of LOS and total 
cost

Table 3 provides multilinear regression results for hospital stays 
and total costs. Notably, patients admitted with mild conditions and 
those with body infections exhibited a shorter LOS compared to the 
reference group. Conversely, patients with an Elixhauser 
comorbidity index of level 2 or 4, as well as those who underwent 
surgery, experienced a longer LOS than the reference group. For 
total costs, individuals under the age of 18, those with mild 
conditions at admission, alternative insurance types, and those with 
joint and body infections demonstrated lower costs compared to the 
reference group. Conversely, patients with an Elixhauser 
comorbidity index of level 2 or 4, and those who underwent surgery, 
incurred higher costs.

In summary, the condition at admission, Elixhauser comorbidity 
index, infection site, and surgery were associated with both the length 
of stay and total cost. Additionally, age and insurance type had an 
impact on the total cost.

Multiple linear regression analysis was also conducted on each 
utilization category, and the results are detailed in the 

Supplementary materials. The analysis revealed that gender was not 
associated with any utilization category, while age only impacted 
surgical procedures costs and inpatient bed care costs. Ethnicity was 
associated with all utilization categories except for drugs, medical 
imaging, and other services costs. The patient’s condition at admission 
influenced drug, medical treatment, and other services costs. 
Insurance type was related to lab tests, medical imaging, medical 
treatment and inpatient bed care costs. The Elixhauser comorbidity 
index presented an association with all utilization categories except for 
medical imaging and other services costs. The infection site influenced 
drug, surgical procedures, and medical supplies and consumable costs. 
Whether surgery was performed had an impact on all utilization 
categories except for other services costs.

4 Discussion

Human brucellosis holds paramount significance in contemporary 
public health discourse. Although the disease has a low mortality rate 
and usually respond to the adequate antibiotic therapy, only 35% of 
brucellosis patients that seek medical attention for the first time are 
correctly diagnosed due to unspecific symptoms (9). Additionally, 
human brucellosis is associated with high healthcare utilization and 
hospitalization costs, which has also been proved in other studies (10). 
Therefore, this study is imperative for developing targeted 
interventions and reducing its burden on society.

The existing body of research on human brucellosis in China has 
predominantly focused on its clinical manifestations (11, 12), various 
complications (12, 13), treatment (14, 15), epidemiological 
characteristics (16–18), shedding light on the clinical understanding 
of the disease. Although there are some studies investigated the 
healthcare expenditure associated with human brucellosis, including 
those that estimated treatment costs ranging from 9 euros in 
Tanzania, 200 euros in Morocco, 650 euros in Algeria (19), and up to 
$1,000 each infected individual in Argentina (20), a significant gap 
remains in the literature concerning a thorough exploration of the 
cost and length of stay (LOS) implications of this disease. This 
absence of in-depth analysis hinders our comprehensive 
understanding of the economic burden of human brucellosis and the 
critical need for priority setting (21–24). Both cost and LOS provide 
decision-makers with a better understanding of the impact of some 
of the diseases and the research effort that goes into them (25). Our 
study filled this gap by offering a detailed analysis of inpatients’ 
utilization of healthcare resources, reflected by LOS, total cost, and 
various utilization categories of healthcare expenditure.

Based on this study, it can be concluded that both LOS and total 
cost were significantly different concerning insurance, surgery or not, 
and infection sites. For the utilization categories, they all demonstrated 
significant differences between groups classified by having surgery or 
not and infection sites. Additionally, through multiple linear 
regression analysis, we  found that the condition at admission, 
Elixhauser comorbidity index, infection site, and whether surgery was 
performed all influenced both hospital stays and total cost. In 
addition, age and insurance type were associated with total costs.

Concerning utilization categories, the total medical supplies and 
consumables cost amounted to over six million yuan, accounting for 
approximately 40% of the total cost, and exceeded the costs of drugs, lab 
tests, and medical imaging. However, the median medical supplies and 
consumable cost was lower than these three costs and ranked fourth 

TABLE 2 Characteristics of various utilization categories in 467 inpatient 
cases.

Utilizations Overall 
(10  k¥)

% Median 
[IQR]

Drug 394.81 25.47 0.56 [0.17,1.22]

Lab test 233.58 15.07 0.43 [0.29,0.63]

Medical imaging 83.10 5.36 0.14 [0.06,0.23]

Medical treatment 42.72 2.76 0.02 [0.00,0.11]

Surgical procedures 92.47 5.97 0.00 [0.00,0.25]

Medical supplies and consumables 606.64 39.13 0.09 [0.04,1.58]

Inpatient bed care 43.01 2.77 0.07 [0.04,0.11]

Nursing services 13.78 0.89 0.02 [0.01,0.04]

Others services 40.48 2.61 0.03 [0.00,0.15]

Total cost 1550.21 100.00 1.63 [0.80,5.73]
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TABLE 3 Multilinear regression coefficients for length of stay (LOS) and total cost among inpatients with brucellosis.

Variables LOS Total cost

Sex Female Reference Reference

Male −0.0254 (0.0643) −0.0271 (0.0805)

Age 18–29 Reference Reference

1–17 0.187 (0.186) −0.427* (0.233)

30–44 0.0200 (0.122) 0.0140 (0.153)

45–59 0.0266 (0.111) −0.00112 (0.139)

60–69 −0.0131 (0.122) 0.00520 (0.152)

> = 70 −0.0624 (0.167) 0.105 (0.209)

Ethnicity Others Reference Reference

Han 0.0420 (0.108) 0.0929 (0.136)

Condition at admission Others Reference Reference

Mild −0.112* (0.0679) −0.295*** (0.0850)

Insurance Local-site Reference Reference

Cross province settlement 0.0394 (0.0822) 0.0434 (0.103)

Out-of-pocket −0.135 (0.0942) −0.101 (0.118)

Others 0.00838 (0.155) −0.464** (0.194)

Elixhauser comorbidity index 1 Reference Reference

2 0.135* (0.0790) 0.311*** (0.0989)

3 0.248 (0.159) 0.385* (0.199)

4 0.270*** (0.0903) 0.562*** (0.113)

Infection site Spine Reference Reference

Joint −0.0504 (0.127) −0.430*** (0.159)

Others −0.134 (0.140) −0.269 (0.175)

Body −0.176* (0.0955) −0.304** (0.120)

Surgery No Reference Reference

Yes 0.567*** (0.0864) 1.469*** (0.108)

Admission year 2013 Reference Reference

2014 −0.118 (0.122) −0.130 (0.153)

2015 −0.201 (0.126) −0.0998 (0.157)

2016 −0.193 (0.126) 0.0812 (0.158)

2017 −0.0223 (0.139) 0.310* (0.174)

2018 −0.118 (0.151) 0.246 (0.189)

2019 −0.245* (0.141) 0.127 (0.176)

2020 0.321 (0.212) 0.477* (0.265)

2021 −0.139 (0.135) 0.138 (0.170)

2022 −0.0921 (0.142) 0.204 (0.178)

2023 −0.380*** (0.145) −0.0816 (0.181)

Constant 2.724*** (0.262) 9.161*** (0.329)

Observations 467 467

R-squared 0.338 0.600

Standard errors in parentheses.
*** p < 0.01, ** p < 0.05, * p < 0.1.
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among all utilization categories. This is because the medical supplies and 
consumables cost for all patients in this study had a wide range, but a 
small proportion of participants contributed the majority of the expense. 
Specifically, the minimum and maximum medical supplies and 
consumable costs were 0 and 91.31 thousand yuan, respectively. The sum 
of medical supplies and consumables costs between the third and fourth 
quartiles was 5.65 million yuan, accounting for 94.2% of the total medical 
supplies and consumables cost. And it was observed in this study patients 
with high medical supplies and consumable costs often undergo 
orthopaedic surgery, including thoracic fusion, lumbosacral fusion, 
excision of lumbar lesions, and thoracic joint fixation surgery. As reported 
in (26), Brucellar spondylodiscitis is the most prevalent and significant 
osteoarticular presentation of human Brucellosis, and involves multiple 
structures including vertebral bodies, intervertebral disc, and paraspinal 
structures. Certain patients may require surgical treatment if spinal 
instability, abscess formation or intractable pain are observed.

Compared with medical supplies and consumables cost, drug cost 
had fewer outliers, and the sum between the third and fourth quartile 
amounted to 2.45 million yuan, contributing 61.9% of the total drug 
cost. In this study, nonantibiotic and anti-infective drugs were 
commonly used, with anti-tuberculosis mycobacterium leprae drugs 
and quinolone antibiotic drugs accounting for 55 and 26%, 
respectively. Specifically, rifampicin, doxycycline hydrochloride, 
ethambutol hydrochloride, chlorhexidine acetate solution, and 
compound sulfamethoxazole were the top five most frequently used 
drugs for all patients.

Brucellosis can involve the human body systemically (27). In this 
study, we observed that patients were admitted to various departments, 
including orthopedics, neurology, respiratory, hematology, hepatic, 
and infectious diseases departments. Motivated by this observation, 
we conducted a detailed analysis of the significant differences among 
infection sites for each charge type. The results demonstrated 
significant differences in infection sites among each charge type. 
Specifically, spine infection group had the highest hospital stay, total 
costs and all utilization categories except for examination cost. This is 
because spondylodiscitis is the most severe form of osteoarticular 
involvement by brucellosis, and can have single or multifocal 
involvement (27). In addition, surgery rates differed significantly 
between different infection groups. In particular, the spine infection 
site achieved the highest surgery ratio of 72.92%, exceeding more than 
40% of the average. In contrast, the body, joints, and other infection 
sites had surgery rates of 16.7, 54.1, and 2.9%, respectively.

In this study, we  identified a strong correlation between the 
infection site of human brucellosis and all utilization categories 
examined, emphasizing the importance of considering this factor 
when assessing the economic burden of human brucellosis. Notably, 
few previous studies in China have specifically investigated the cost 
implications associated with the infection site (28, 29), highlighting a 
critical knowledge gap. This study contributes to filling this void by 
providing detailed insights into how the location of infection impacts 
various cost components. Given the significant influence of infection 
site on the financial burden shouldered by patients, it is imperative to 
consider targeted measures to alleviate this burden (30).

Physicians’ decisions play a key role in overall health care 
spending and quality, and they are encouraged to exercise wise 
stewardship of resources (31). Based on the findings of this study, 
physicians are suggested to take into account the condition at 

admission, Elixhauser comorbidity index, infection site, and whether 
surgery was performed to estimate the hospital stays and total costs 
of inpatients diagnosed with human brucellosis. In addition, 
understanding the various influencing factors benefits both hospital 
managers in optimizing resource utilization and patients in receiving 
more tailored and effective care. To mitigate the impact of human 
brucellosis, healthcare policies should prioritize preventive strategies, 
early detection, and personalized treatment protocols, which may 
lead to decreased hospitalization periods and subsequent healthcare 
costs (32). Additionally, raising awareness about transmission routes 
and promoting safety measures in high-risk occupations, such as 
livestock farming and veterinary work, can play a pivotal role in 
preventing human brucellosis and mitigating its economic 
consequences on affected individuals and the healthcare system (33). 
Our analysis has several limitations. Firstly, this study collected 
patient information from eight large tertiary hospitals, so the results 
may not be  widely applicable to community hospitals due to 
differences in facilities, scale, and the quality of medical services 
between tertiary hospitals and community hospitals. Secondly, the 
retrospective nature of our study cannot guarantee the collection of 
all relevant information tailored specifically to the healthcare 
utilization of patients with human brucellosis. For instance, 
socioeconomic status may empirically have an impact on the hospital 
stays and costs, but our analysis did not take into account this 
potential confounding factor due to the unavailability of relevant 
data. In future research, we  aim to comprehensively analyze the 
economic burden associated with human brucellosis, encompassing 
both outpatient populations and community hospitals. By broadening 
our scope to include these additional groups, we  aim to further 
enhance the reliability and generalizability of our conclusions.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

The studies involving humans were approved by Medical Ethics 
Committee of Chinese PLA General Hospital. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. Written informed consent for participation was not 
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and 
institutional requirements.

Author contributions

XM: Conceptualization, Investigation, Methodology, Writing – 
original draft, Writing – review & editing. WW: Formal analysis, 
Investigation, Software, Writing – original draft, Writing – review & 
editing. QW: Writing – original draft, Writing – review & editing. CZ: 
Data curation, Writing – review & editing. JL: Data curation, Writing 

https://doi.org/10.3389/fpubh.2024.1347693
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Ma et al. 10.3389/fpubh.2024.1347693

Frontiers in Public Health 08 frontiersin.org

– review & editing. HB: Data curation, Writing – review & editing. TZ: 
Methodology, Writing – review & editing. LinL: Methodology, 
Software, Writing – review & editing. LihL: Conceptualization, 
Funding acquisition, Project administration, Supervision, Writing – 
review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by National Key Research and Development Program of 
China (2020YFC2003402) and Key Health Service Research Projects 
(HSR010007000).

Acknowledgments

We would like to express our sincere gratitude to Dr. Haijun 
Wang and Dr. Lei Shi for their invaluable contributions to this 
research project. Their expertise in study design, meticulous data 
analysis, and dedicated efforts in polishing the English language 
of this article significantly enhanced the quality of our work. Their 
collaborative spirit and commitment to excellence have been 
instrumental in the success of this study. We  appreciate their 

scholarly guidance and unwavering support, which have greatly 
enriched the overall research process.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1347693/
full#supplementary-material

References
 1. Lai S, Chen Q, Li Z. Human brucellosis: an ongoing Global Health challenge. China 

CDC Wkly. (2021) 3:120–3. doi: 10.46234/ccdcw2021.031

 2. O'Callaghan D. Human brucellosis: recent advances and future challenges. Infect 
Dis Poverty. (2020) 9:101. doi: 10.1186/s40249-020-00715-1

 3. Jiang H, O'Callaghan D, Ding JB. Brucellosis in China: history, progress and 
challenge. Infect Dis Poverty. (2020) 9:55. doi: 10.1186/s40249-020-00673-8

 4. Yang H, Chen Q, Li Y, Mu D, Zhang Y, Yin W. Epidemic characteristics, high-risk 
areas and space-time clusters of human brucellosis- China, 2020–2021. China CDC 
Wkly. (2023) 5:17–22. doi: 10.46234/ccdcw2023.004

 5. Hasssan L, Ali S, Syed MA, Shah AA, Abbasi SA, Tabassum S, et al. Risk factors for 
acute brucellosis in patients on the day of admission at selected hospitals of Abbottabad, 
Pakistan. Front Public Health. (2021) 9:669278. doi: 10.3389/fpubh.2021.669278

 6. Jian W, Chen J, Li Q, Jiang L, Huang Y, Lan Y, et al. Epidemiological characteristics, 
clinical manifestations and laboratory findings in 850 patients with brucellosis in 
Heilongjiang Province, China. BMC Infect Dis. (2019) 19:439. doi: 10.1186/
s12879-019-4081-5

 7. Liu Z, Shen T, Wei D, Yu Y, Huang D, Guan P. Analysis of the epidemiological, 
clinical characteristics, treatment and prognosis of human brucellosis during 
2014–2018 in Huludao, China. Infect Drug Resist. (2020) 13:435–45. doi: 10.2147/IDR.
S236326

 8. Austin SR, Wong YN, Uzzo RG, Beck JR, Egleston BL. Why summary comorbidity 
measures such as the Charlson comorbidity index and Elixhauser score work. Med Care. 
(2015) 53:e65–72. doi: 10.1097/MLR.0b013e318297429c

 9. Can MF, Yalcin C. Obtaining required data via Delphi expert opinion surveys and 
target groups surveys for calculation of financial losses resulted from brucellosis and 
cost-benefit analysis of alternative brucellosis control strategies in Turkey. Kafkas Univ 
Vet Fak Derg. (2011) 17:601–8. doi: 10.9775/kvfd.2011.4318

 10. Vered O, Simon-Tuval T, Yagupsky P, Malul M, Cicurel A, Davidovitch N. The 
Price of a neglected zoonosis: case-control study to estimate healthcare utilization 
costs of human brucellosis. PLoS One. (2015) 10:e0145086. doi: 10.1371/journal.
pone.0145086

 11. Dean AS, Crump L, Greter H, Hattendorf J, Schelling E, Zinsstag J. Clinical 
manifestations of human brucellosis: a systematic review and meta-analysis. PLoS Negl 
Trop Dis. (2012) 6:e1929. doi: 10.1371/journal.pntd.0001929

 12. Buzgan T, Karahocagil MK, Irmak H, Baran AI, Karsen H, Evirgen O, et al. 
Clinical manifestations and complications in 1028 cases of brucellosis: a retrospective 
evaluation and review of the literature. Int J Infect Dis. (2010) 14:e469–78. doi: 10.1016/j.
ijid.2009.06.031

 13. García Casallas JC, Villalobos Monsalve W, Arias Villate SC, Fino Solano IM. 
Acute liver failure complication of brucellosis infection: a case report and review of the 
literature. J Med Case Rep. (2018) 12:62. doi: 10.1186/s13256-018-1576-4

 14. Franco MP, Mulder M, Gilman RH, Smits HL. Human brucellosis. Lancet Infect 
Dis. (2007) 7:775–86. doi: 10.1016/S1473-3099(07)70286-4

 15. Skalsky K, Yahav D, Bishara J, Pitlik S, Leibovici L, Paul M. Treatment of human 
brucellosis: systematic review and meta-analysis of randomized controlled trials. BMJ. 
(2008) 336:701–4. doi: 10.1136/bmj.39497.500903.25

 16. Shang D, Xiao D, Yin J. Epidemiology and control of brucellosis in China. Vet 
Microbiol. (2002) 90:165–82. doi: 10.1016/S0378-1135(02)00252-3

 17. Zhang J, Yin F, Zhang T, Yang C, Zhang X, Feng Z, et al. Spatial analysis on human 
brucellosis incidence in mainland China: 2004–2010. BMJ Open. (2014) 4:e004470. doi: 
10.1136/bmjopen-2013-004470

 18. Lai S, Zhou H, Xiong W, Gilbert M, Huang Z, Yu J, et al. Changing epidemiology 
of human brucellosis, China, 1955–2014. Emerg Infect Dis. (2017) 23:184–94. doi: 
10.3201/eid2302.151710

 19. Akakpo AJ, Teko-Agbo A, Koné P. The impact of brucellosis in the economy and 
public health of Africa. In Proceedings of 18th Conference of the OIE Regional 
Commission for Africa. N’Djamena, Tchad. (2010); pp. 85–98.

 20. Rossetti CA, Arenas-Gamboa AM, Maurizio E. Caprine brucellosis: a historically 
neglected disease with significant impact on public health. PLoS Negl Trop Dis. (2017) 
11:e0005692. doi: 10.1371/journal.pntd.0005692

 21. Nii-Trebi NI. Emerging and neglected infectious diseases: insights, advances, and 
challenges. Biomed Res Int. (2017) 2017:1–15. doi: 10.1155/2017/5245021

 22. Fast SM, González MC, Markuzon N. Cost-effective control of infectious disease 
outbreaks accounting for societal reaction. PLoS One. (2015) 10:e0136059. doi: 10.1371/
journal.pone.0136059

 23. Giraldi G, Montesano M, Sandorfi F, Iachini M, Orsi GB. Excess length of hospital 
stay due to healthcare acquired infections: methodologies evaluation. Ann Ig. (2019) 
31:507–16. doi: 10.7416/ai.2019.2311

 24. Feng J, Cao D, Zheng D, Qian Z(M), Huang C, Shen H, et al. Cold spells linked 
with respiratory disease hospitalization, length of hospital stay, and hospital expenses: 
exploring cumulative and harvesting effects. Sci Total Environ. (2023) 863:160726. doi: 
10.1016/j.scitotenv.2022.160726

 25. Roussel A, Michel M, Lefevre-Utile A, de Pontual L, Faye A, Chevreul K. Impact 
of social deprivation on length of stay for common infectious diseases in two French 
university-affiliated general pediatric departments. Arch Pediatr. (2018) 25:359–64. doi: 
10.1016/j.arcped.2018.06.003

https://doi.org/10.3389/fpubh.2024.1347693
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1347693/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1347693/full#supplementary-material
https://doi.org/10.46234/ccdcw2021.031
https://doi.org/10.1186/s40249-020-00715-1
https://doi.org/10.1186/s40249-020-00673-8
https://doi.org/10.46234/ccdcw2023.004
https://doi.org/10.3389/fpubh.2021.669278
https://doi.org/10.1186/s12879-019-4081-5
https://doi.org/10.1186/s12879-019-4081-5
https://doi.org/10.2147/IDR.S236326
https://doi.org/10.2147/IDR.S236326
https://doi.org/10.1097/MLR.0b013e318297429c
https://doi.org/10.9775/kvfd.2011.4318
https://doi.org/10.1371/journal.pone.0145086
https://doi.org/10.1371/journal.pone.0145086
https://doi.org/10.1371/journal.pntd.0001929
https://doi.org/10.1016/j.ijid.2009.06.031
https://doi.org/10.1016/j.ijid.2009.06.031
https://doi.org/10.1186/s13256-018-1576-4
https://doi.org/10.1016/S1473-3099(07)70286-4
https://doi.org/10.1136/bmj.39497.500903.25
https://doi.org/10.1016/S0378-1135(02)00252-3
https://doi.org/10.1136/bmjopen-2013-004470
https://doi.org/10.3201/eid2302.151710
https://doi.org/10.1371/journal.pntd.0005692
https://doi.org/10.1155/2017/5245021
https://doi.org/10.1371/journal.pone.0136059
https://doi.org/10.1371/journal.pone.0136059
https://doi.org/10.7416/ai.2019.2311
https://doi.org/10.1016/j.scitotenv.2022.160726
https://doi.org/10.1016/j.arcped.2018.06.003


Ma et al. 10.3389/fpubh.2024.1347693

Frontiers in Public Health 09 frontiersin.org

 26. Abulizi Y, Cai X, Xu T, Xun C, Sheng W, Gao L, et al. Diagnosis and surgical 
treatment of human Brucellar spondylodiscitis. J Vis Exp. (2021) 23:171. doi: 
10.3791/61840

 27. Esmaeilnejad-Ganji SM, Esmaeilnejad-Ganji SMR. Osteoarticular manifestations 
of human brucellosis: a review. World J Orthop. (2019) 10:54–62. doi: 10.5312/wjo.v10.
i2.54

 28. Zhong Z, Yu S, Wang X, Dong S, Xu J, Wang Y, et al. Human brucellosis in the 
People's Republic of China during 2005–2010. Int J Infect Dis. (2013) 17:e289–92. doi: 
10.1016/j.ijid.2012.12.030

 29. Liu Z, Liu D, Wang M, Li Z. Human brucellosis epidemiology in the pastoral 
area of Hulun Buir city, Inner Mongolia autonomous region, China, between 2003 
and 2018. Transbound Emerg Dis. (2022) 69:1155–65. doi: 10.1111/tbed.14075

 30. Zheng R, Xie S, Lu X, Sun L, Zhou Y, Zhang Y, et al. A systematic review and Meta-
analysis of epidemiology and clinical manifestations of human brucellosis in China. 
Biomed Res Int. (2018) 2018:5712920. doi: 10.1155/2018/5712920

 31. Tilburt JC, Wynia MK, Sheeler RD, Thorsteinsdottir B, James KM, Egginton JS, 
et al. Views of US physicians about controlling health care costs. JAMA. (2013) 
310:380–8. doi: 10.1001/jama.2013.8278

 32. Deng Y, Liu X, Duan K, Peng Q. Research Progress on brucellosis. 
Curr Med Chem. (2019) 26:5598–608. doi: 10.2174/0929867325666180510 
125009

 33. Wang Y, Wang Y, Zhang L, Wang A, Yan Y, Chen Y, et al. An epidemiological study 
of brucellosis on mainland China during 2004–2018. Transbound Emerg Dis. (2021) 
68:2353–63. doi: 10.1111/tbed.13896

https://doi.org/10.3389/fpubh.2024.1347693
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3791/61840
https://doi.org/10.5312/wjo.v10.i2.54
https://doi.org/10.5312/wjo.v10.i2.54
https://doi.org/10.1016/j.ijid.2012.12.030
https://doi.org/10.1111/tbed.14075
https://doi.org/10.1155/2018/5712920
https://doi.org/10.1001/jama.2013.8278
https://doi.org/10.2174/0929867325666180510125009
https://doi.org/10.2174/0929867325666180510125009
https://doi.org/10.1111/tbed.13896

	Factors influencing length of stay and costs in inpatient cases of human brucellosis as the primary diagnosis over a decade in Beijing, China
	1 Introduction
	2 Materials and methods
	2.1 Data source
	2.2 Outcome variables
	2.3 Independent variables
	2.4 Statistical analysis

	3 Results
	3.1 Hospital stays and total cost
	3.2 Hospitalization utilization categories
	3.3 Regression analysis of LOS and total cost

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	 References

