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Objective: To analyze the clinical characteristics and treatment process of 14 patients with aneurysm due to brucellosis, summarize 
the morbidity characteristics, and improve the knowledge and diagnosis of the disease.
Methods: The clinical data of patients with aneurysms who were diagnosed to have brucellosis through Rose Bengal Test (RBT), Serum 
Agglutination Test (SAT), blood culture, and computed tomography angiography from January 2012 to November 2022 in Bethune Hospital, 
Shanxi Province, China, were retrospectively analyzed, and their clinical characteristics and disease regression findings were summarized.
Results: Of the 14 patients, 13 were men, and 1 was a woman; the youngest patient was 48-year-old, and the oldest patient was of 74 years. 
All had a history of smoking. The sites of lesion occurrence included the abdominal aorta (5 patients), abdominal aorta +iliac artery (5 
patients), iliac artery (2 patients), thoracic aorta and brachial artery were less common (1 case each). Symptoms in the patients mostly began 
with abdominal pain, which was accompanied by fever, nausea, and vomiting. Six patients had a clear history of livestock exposure. 
Fourteen patients showed elevated D-dimer and C-reactive protein levels and decreased hemoglobin and albumin levels. Thirteen of the 14 
cases were treated surgically, there were no complications of surgery, and 3 patients were readmitted with recurrence of brucellosis, it is 
related to the treatment that did not reach the early stage, combination, full dose and full course of treatment, with a mean recurrence time of 
8 months. In the telephone follow-up, the patient’s recovery proceeded well.
Conclusion: The present study revealed that the recurrence in male gender, advanced age, smoking and irregular treatment is higher. On 
the contrast, early intervention, a combination of adequate course of anti-infection treatment and timely surgery can improve the prognosis.
Keywords: Brucella, brucellosis-related aneurysm, clinical features, retrospective analysis, case series

Introduction
Brucellosis is a zoonotic bacterial disease of natural origin caused by Brucella species and belongs to the national statutory 
category B infectious disease. Humans are mainly infected through contact with infected animals such as cattle and sheep or by 
eating meat and dairy products contaminated with the causative bacteria. In China, brucellosis is mainly prevalent in Xinjiang 
Uygur Autonomous Region, Inner Mongolia Autonomous Region, Shanxi Province, and Heilongjiang Province, which are 
located in the north. The reported cases in Shanxi Province are mainly concentrated in Datong, Shuozhou, Jinzhong, and 
Xinzhou.1

Brucellosis can be multisystemic, with osteoarticular disease and genitourinary disease being the most common forms of 
brucellosis2 and cardiovascular disease such as endocarditis, myocarditis, pericarditis, or endarteritis being rare (3%).3 

Infected aortic aneurysm (IAAA) is much rarer in brucellosis,4 and the risk of death from arterial dissection is extremely 
high, with 71 cases identified in the last 70 years and a global mortality rate of 22%.5 Open surgery and long-term antibiotics 
are usually required to complete treatment and monitor postoperative complications such as graft infection, recurrent (pseudo) 
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aneurysms, and abscess formation.6 The early symptoms of this disease are similar to those of many other diseases and lack 
specificity, especially in noninfected areas where the disease is disseminated. Hence, early and accurate diagnosis is the key to 
treat aneurysms due to brucellosis. To raise clinicians’ awareness of this complication, a retrospective analysis was conducted 
using the clinical data of 14 patients with aneurysms due to brucellosis who were treated in our hospital.

Patients and Methods
Data and Methods
General Data
Fourteen patients with aneurysms due to brucellosis who were admitted to Bethune Hospital in Shanxi Province from 
January 2012 to November 2022 were selected for inclusion in the study. All patients signed consent form. All the recruited 
patients were confirmed to have brucellosis on the basis of a positive result for the Rose Bengal Test (RBT) or Serum 
Agglutination Test (SAT) in accordance with the WS269–2007 Diagnostic Criteria for Brucellosis.7 Among them, 14 cases 
were positive for RBT and SAT, 5 cases were positive for blood culture, and 5 cases were positive for all three. All patients 
underwent computed tomography angiography (CTA) or vascular Doppler ultrasonography, and the aneurysm was detected 
in the following locations: abdominal aorta (5 patients), abdominal aorta + iliac artery (5 patients), iliac artery (2 patients), 
thoracic aorta and brachial artery were less common (1 case each). Exclusion criteria were as follows: symptoms and signs 
similar to brucellosis but having aneurysms because of other causes. The following steps were taken for treatment: (1) 
restoring normal temperature and ensuring disappearance of clinical symptoms and signs; (2) recovery of physical strength 
and work capacity; and (3) negative bacterial culture on two occasions (30 days to 1 month interval) for those with positive 
brucellosis culture; normal function of all organs in clinical laboratory examination (brucellosis serological reaction does 
not necessarily show a negative reaction). The following conditions were considered for improvement: 2 of the above 3 
indicators or 1 or 2 indicators are better than that before treatment. The following patients were considered to show 
ineffective recovery: (1) those with no significant change or no change before or after treatment and (2) those with short- 
term symptomatic improvement after treatment but with relapse 2 weeks after stopping the drug. The first episode was 
considered as the first instance of brucellosis, while recurrence was considered as recurrent or repeated brucellosis after the 
cure of the first episode.

Study Method
A retrospective study was conducted to collect general information, underlying diseases, clinical manifestations, 
laboratory tests, imaging manifestations, treatment medication, surgical methods, and disease regression of the selected 
cases for analysis.

Statistical Methods
SPSS 26.0 software was used for statistical analysis. Normally distributed variables were expressed as mean ± standard 
deviation (x�s), while non-normally distributed variables were expressed as median M(P25, P75). Count data were 
expressed as cases (%).

Results
Epidemiological Characteristics
Gender Distribution
Of the 14 patients with aneurysms due to brucellosis, 13 (92.9%) were male patients, and 1 (7.1%) was female.

Age Distribution
The age range of the 14 patients was 48–74 years, including 2 patients (14.3%) in the age group 48–50 years, 2 patients 
(14.3%) in the age group 51–60 years, 7 patients (50.0%) in the age group 61–70 years, and 3 patients (21.4%) in the age 
group >70 years. The age group of 61–70 years showed the highest incidence of aneurysms due to brucellosis.
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Regional Distribution
All 14 patients were from Shanxi Province, including 4 patients (28.6%) from Lvliang, 3 patients (21.4%) from Datong, 
3 patients (21.4%) from Xinzhou, 2 patients (14.3%) each from Taiyuan and Jinzhong.

Time Distribution
Aneurysms due to brucellosis occurred throughout the year, with a higher number of cases (7, 50.0%) observed from March to 
August.

Admissions
According to the departmental distribution, 6 patients (42.9%) were admitted to the interventional medicine department 
and 8 patients (57.1%) to the vascular surgery department.

Past and Personal History
All 14 patients had a history of smoking (100%), and 9 patients had a history of alcohol consumption (64.3%), 5 patients 
had combined hypertension (42.9%).

Epidemiological History
Seven of the 14 patients had a clear history of animal contact, including contact with sheep in 5 patients (35.7%) and 
dogs in 2 patients (14.3%). Drinking fresh milk was the cause of infection in 1 case (7.1%), while the route of infection 
was unclear in 6 patients (42.9%). The patient characteristics are provided in Table 1.

Clinical Presentation and Laboratory Investigations
In 9 (64.3%) of the 14 patients, symptoms of the infection began with abdominal pain. Eleven (78.6%) patients had fever 
during the course of the disease, and the remaining comorbidities included hypoproteinemia in 14 patients (100%), coagula-
tion abnormalities in 10 patients (71.4%), anemia in 8 patients (57.1%), renal involvement [hematuria (defined as >3 red blood 
cells per high magnification field), and/or at least two 3-month test paper urinalyses ≥ +1 proteinuria, and/or eGFR <60 mL/ 
min]8 in 1 patient (7.1%), and infective endocarditis in 1 patient (7.1%). All 14 patients (100%) had elevated D-dimer with 
a median value of 432 ng/mL (normal value 0–243) and had elevated C-reactive protein level with a mean value of 70.59 ± 
41.28 mg/L (normal value 0.00–8.00). Ten patients had elevated international normalized ratio, median 1.21 (normal value 
0.8–1.1); 7 patients (50.0%) had elevated prothrombin time, median 12.5 s (normal value 9.9–12.8); 5 patients (35.7%) 
showed elevated neutrophil ratio, mean 70.83% ± 12.24% (normal value 40.0–75.0); 2 patients (14.3%) had elevated platelet 
count, mean 251.12 ± 95.57mg/L (normal value 123–350); 1 patient (7.1%) had elevated glutamate transaminase, mean 
25.96 ± 8.64mg/L (normal value 15–40); 14 patients (100%) showed decreased albumin, mean 32.54 ±5.20g/L (normal value 
40–55); 7 patients (50.0%) exhibited decreased lymphocyte percentage, mean 20.26 ±9.75% (normal value 20.0–50.0); 6 
patients (42.9%) showed decreased hemoglobin level, median 116.5 g/L (normal value 115–150); and 5 patients (35.7%) 
showed decreased red blood cell count, mean value 3.81 ± 0.83 × 1012/L (normal value 3.8–5.1). White blood cell count and 
glutathione transaminase level were in the normal range in all patients. Details are provided in Table 2.

Imaging Presentation
All 14 patients underwent vascular CT/CTA. All cases are presented with cystic tumor. As for the location of the lesions, 
the lesions were detected mainly in the abdominal aorta (5 patients), abdominal aorta + iliac artery (5 patients), iliac 
artery (2 patients), thoracic aorta and brachial artery were less common (1 case each). Vascular plaque and occlusion was 
presented in 10 cases. The details are provided in Table 3 and Figure 1 (Case 1–Case 14).

Treatment and Regression
All patients were treated with more than 2 empirical antibiotics on admission, including 2 patients on quadruple dosing, 7 patients 
on triple dosing, and 5 patients on double dosing. Thirteen of the 14 patients were treated surgically. Stent implantation was 
performed in 12 patients, including cases 1, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13 and 14. Balloon dilation was performed in 14 patients, 
case 4,6,11 and 12. Case 8 received Right brachial artery pseudoaneurysm resection plus VSD placement. Three patients were 
readmitted with recurrence of brucellosis, and it is related to the treatment that did not reach the early stage, combination, full dose 
and full course of treatment. Case 3 presented with abdominal pain and pain in lower back. Case 6 presented with pain and 
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Table 1 Basic Information of 14 Patients with Aneurysms Due to Brucellosis

Case Number Gender Age (Years) Length of Stay (Days) Basic Diseases Smoking (Cigarettes/Day) Drinking (g/Day) Contact Vaccination History

Case 1 Male 70 14 There is no 20 50 Sheep There is no
Case 2 Male 59 10 Hypertension 40 There is no Sheep There is no

Case 3 Male 49 23 There is no 20 I have a A cat dog There is no

Case 4 Male 64 11 Hypertension 20 500 The cook There is no
Case 5 Female 65 29 Hypertension 20 There is no Unknown reason There is no

Case 6 Male 72 37 There is no 20 150 Sheep There is no

Case7 Male 64 10 There is no 40 300 Wool processing There is no
Case 8 Male 61 51 There is no 20 There is no Unknown reason There is no

Case 9 Male 63 53 Hypertension 20 300 Drink fresh milk There is no

Case10 Male 48 37 Hypertension 10 I have a Dog There is no
Case11 Male 74 23 There is no 10 There is no Dead sheep or dogs There is no

Case12 Male 66 34 There is no 20 100 Unknown reason There is no

Case13 Male 63 28 Hypertension 10 100 Unknown reason There is no
Case14 Male 52 11 There is no 10 There is no Unknown reason There is no

https://doi.org/10.2147/ID
R

.S393060                                                                                                                                                                                                                                   

D
o

v
e

P
r
e

s
s
                                                                                                                                                      

Infection and D
rug Resistance 2023:16 

90 W
ang et al                                                                                                                                                            

D
o

v
e

p
r
e

s
s

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 Clinical Manifestations and Laboratory Test Results of 14 Patients with Aneurysms Due to Brucellosis

Case 

Number

Clinical Picture Laboratory Test Indicators

Aneurysm 

Symptoms

Maximum 

Body Tem 

perature 

(°C)

Thermal 

Range 

(d)

Along 

with the 

Symptoms

Complications The 

WBC  

(x 109/L)

NEUT 

%

LYM 

%

CRP 

(mg/L)

RBC  

(x 109/L)

PLT  

(x 109/L)

ALT  

(U/L)

AST  

(U/L)

D-D  

(ng/mL)

Hb 

(g/L)

Propa 

gated 

(g/L)

PT (in  

seconds)

INR eGFR Blood 

in the 

Urine

Case1 Abdominal 

pain

38.2 14 Fever, 

nausea, 

vomiting

Abnormal 

coagulation, 

hypoproteinemia, 

anemia

7.6 71.7 16.1 85.73 3.19 261 48.3 20.4 330 96 32.7 10.8 1.22 119.87 1 + 

Ca25

Case2 Abdominal 

pain

39.1 10 Fever Abnormal 

coagulation, 

hypoproteinemia

6.9 70.7 17.6 40.1 3.92 255 30.8 25.4 457 121 32.6 40.2 3.53 88.53 2 + 

Ca80

Case3 Low back 

pain

39.5 20 Fever, 

abdominal 

pain

Coagulation 

abnormalities, 

hypoproteinemia, 

anemia

6.6 85 7.3 108.5 3.8 272 25.5 19.9 350 117 32.6 10.7 1.15 92.15 Negative

Case4 Low back 

pain

38.0 30 Fever Abnormal 

coagulation, 

hypoproteinemia

6.6 53.2 34.1 11.6 4.3 373 18.6 19.6 363 126 38.6 13 1.20 129.94 Negative

Case5 Abdominal 

pain

38.9 5 Fever Coagulation 

abnormalities, 

hypoproteinemia, 

anemia, renal 

insufficiency

8.5 63.6 30.0 115.82 3.34 282.7 13.6 30.8 3039 93.6 20.1 14. 4 1.32 40.20 Negative

Case6 Pain in the 

chest and 

abdomen

39.1 19 Fever Abnormal 

coagulation, 

hypoproteinemia

7.1 95.8 3.6 110 5.02 159 25.1 32.3 580 116 36.7 13.8 1.27 75.29 2 + 

Ca80

Case7 Abdominal 

pain

39.6 30 Fever Abnormal 

coagulation, 

hypoproteinemia

7.7 84.6 9.8 127.4 4.29 241 18.5 32.5 753 126 32.5 12.0 1.11 217.05 Plus or 

minus 

Ca10

Case8 Right 

forearm pain

39.0 120 Fever Coagulation 

abnormalities, 

hypoproteinemia, 

anemia, infective 

endocarditis

4.9 79.2 13 118.67 2.81 127 23.2 43.5 763 79 27.6 14.3 1.32 106.16 1 + 

Ca25

Case9 Abdominal 

pain

38.6 15 Fever Hypoproteinemia 4.0 60.3 29.4 65.4 4.11 316 25.6 35.9 297 123 34.4 11.2 1.04 111.92 Negative

Case10 Waist 

trapped

36.2 / There is no Hypoproteinemia, 

anemia

5.5 62.7 28.1 50 4.78 176 34.0 25.8 300 101 25.7 11.8 1.09 73.07 Negative

(Continued)
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Table 2 (Continued). 

Case 

Number

Clinical Picture Laboratory Test Indicators

Aneurysm 

Symptoms

Maximum 

Body Tem 

perature 

(°C)

Thermal 

Range 

(d)

Along 

with the 

Symptoms

Complications The 

WBC  

(x 109/L)

NEUT 

%

LYM 

%

CRP 

(mg/L)

RBC  

(x 109/L)

PLT  

(x 109/L)

ALT  

(U/L)

AST  

(U/L)

D-D  

(ng/mL)

Hb 

(g/L)

Propa 

gated 

(g/L)

PT (in  

seconds)

INR eGFR Blood 

in the 

Urine

Case11 Abdominal 

pain

36.5 / Nausea, 

vomiting, 

vomiting 

blood

Abnormal 

coagulation, 

hypoproteinemia, 

anemia

5.5 75.3 17.2 78 1.94 179 23.6 30.6 599 63 31.2 13.3 1.23 124.71 Negative

Case12 Abdominal 

pain

36.8 / There is no Hypoproteinemia 6.0 56.4 32.5 11.7 4.56 111 11.2 17.5 407 125 35.5 10.4 0.96 90.16 Negative

Case13 Abdominal 

pain

39.0 12 Fever, 

nausea, 

vomiting

Abnormal 

coagulation, 

ōhypoproteinemia

4.7 61.1 24 39.1 4.08 312 19.0 15.4 260 122 36.2 13.4 1.24 95.91 Negative

Case14 Waist 

trapped

38.0 3 Fever Hypoproteinemia, 

anemia

6.0 72.0 20.9 26.2 3.22 451 10.1 13.9 498 90 39.2 11.5 1.06 97.79 Negative

Abbreviations: WBC, white blood cell count; NEUT%, a neutrophil percentage; LYM%, lymphocyte percentage; CRP, C-reactive protein; RBC, red blood cell count; PLT, platelet count; ALT, glutamate aminotransferase; AST, aspartate 
aminotransferase; D-D, D-dimer; Hb, hemoglobin; ALB, albumin; PT, prothrombin time; INR, International Normalized Ratio; eGFR, Glomerular Filtration Rate.
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Table 3 CT/CTA Imaging of 14 Patients with Aneurysm Due to Brucellosis

Case 
Number

Aneurysm Body Characteristics Combined Vascular Plaque and Occlusion

Aneurysm Lesion Site Tumors 
Form

Maximum 
Diameter of 
Tumor 
(mm)

Bubble Presence or 
Absence of Vascular 
Plaque and 
Occlusion

Location

Case1 Abdominal aorta to the right external iliac artery Cystic 13.5 There is no Is Bilateral common iliac arteries and bilateral internal and 

external iliac arteries, bilateral femoral and proximal deep 
femoral arteries, and right internal iliac artery

Case2 Para-abdominal aorta Cystic 21.9 There is no Is Coronary artery
Case3 Abdominal aorta and bilateral common iliac 

arteries

Cystic 57 There is no No There is no

Case4 The left common iliac artery is located above the 
bifurcation of the internal and external iliac 

arteries

Cystic 27.2 There is no Is Abdominal aorta and bilateral common iliac arteries and 
internal iliac arteries

Case5 Lower abdominal aorta and bilateral external iliac 
arteries

Cystic 11.7 There is no No There is no

Case6 Lower abdominal aorta bilateral renal artery level 

slightly lower anterior wall

Cystic 43.8 There is no Is Abdominal aorta and branches, bilateral common iliac arteries 

and internal and external iliac arteries
Case7 Lower segment of the abdominal aorta and 

bilateral common iliac artery, right external iliac 

artery, bilateral common iliac artery

Cystic 46.2 There is no Is The proximal segment of the right internal iliac artery

Case8 The distal segment of the right brachial artery Cystic 81 There is no Is The distal brachial artery

Case9 Middle and lower abdominal aorta Cystic 29.3 There is no Is Thoracic and abdominal aorta, the main trunk of bilateral 

common iliac arteries, the proximal segment of branch 
superior mesenteric arteries, bilateral renal arteries

Case10 The origin of the left common iliac artery Cystic 18.9 There is no Is Abdominal aorta, bilateral common iliac arteries, internal iliac 

arteries, superior mesenteric artery, and left renal artery origin
Case11 The left margin of the abdominal aorta, the 

leading edge, and the right external iliac vessel 

course area

Cystic 19.3 There is no No There is no

Case12 Abdominal aorta, bilateral iliac artery and left 

internal and external iliac artery

Cystic 22.6 There is no Is Aortic arch, thoracic aorta and superior abdominal aortic wall

Case13 Aorta thoracica Cystic 67.3 There is no Is Abdominal aorta to bilateral iliac artery
Case14 Aorta abdominalis Cystic 23.0 There is no No There is no
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intermittent fever in the chest and abdomen at recurrence. The manifestation of case 7 at recurrence was abdominal pain. The 
mean time to recurrence in this patient group was 8 months. Of these 14 patients, 2 were more than 2 years postoperative, 1 was 
more than 3 years postoperative, 3 were more than 4 years postoperative, and 1 was more than 5 years postoperative, with zero 
short-term (within 30 days) postoperative mortality, zero intermediate (up to 4 years after randomization grouping) postoperative 
mortality, and zero long-term (more than 4 years) postoperative morbidity and mortality. Moreover, there were no graft-related 
complications, such as endoleaks and reintervention (defined as initial repair or any secondary intervention after initial repair- 
EVAR). In the telephone follow-up in December 2022, the patient’s recovery proceeded well. The details are provided in Tables 4 
and 5.

Figure 1 CT/CTA imaging findings in 14 patients with aneurysm due to brucellosis. Case 1: Moderate luminal stenosis from the bilateral common iliac arteries to the proximal femoral 
arteries and occlusion of the proximal right internal iliac artery; Case 2: High-density changes in the para-abdominal aorta; Case 3: Hypointense shadow around the bifurcation of the 
lower abdominal aorta near the common iliac artery; Case 4: Wall notch and posterior aneurysmal contrast filling of the posterior wall of the left common iliac artery proximal to the 
opening of the left internal iliac artery; Case 5: Longitudinal cystic inclusion in the right retroperitoneum; Case 6: Progressive enlargement of the distal abdominal aorta; Case 7: A low- 
density mass shadow visible between the common iliac arteries bilaterally and occlusion of the right proximal internal iliac artery; Case 8: Contrast ectasia with irregular morphology 
outside the distal brachial artery of the right upper limb, with no visualization of the distal brachial artery; Case 9: Limited aneurysmal dilatation of the lower abdominal aorta and limited 
moderate-severe stenosis of the proximal internal iliac arteries bilaterally; Case 10: Limited aneurysmal protrusion of the lumen at the beginning of the left common iliac artery, mild 
stenosis of the lumen at the beginning of the superior mesenteric artery and the left renal artery; Case 11: Oval cystic lesion in the right external iliac vessel travel area; Case 12: Localized 
thickening of the left common iliac artery at the lower branch of the abdominal aorta, High density shadows can be seen in the lumen of the upper abdominal aorta; Case 13: An annular 
low-density shadow can be seen next to the lower thoracic aorta stent; Case 14: Multiple exudations and soft tissue density shadows around the bilateral iliac artery and abdominal aorta.
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Table 4 Treatment and Recurrence in 14 Patients with Aneurysm Due to Brucellosis

Case 
Number

Site of 
Aneurysm 
Lesion

Blood 
Culture

Rose 
Bengale 
Test 
(RBT)

Serum 
Agglutination 
Test (SAT)

Time from 
Onset to 
Aneurysm 
Detection 
(d)

Anti-infection 
After Diagnosis 
Medication Use 
and Course of 
Treatment

Time from 
Anti- 
Brucellosis 
Treatment 
to 
Operation 
(D)

The Operation Name Outcome Time from 
Surgery to 
Recurrence 
(Months)

Case1 Abdominal aorta to 

the right external 
iliac artery

Positive Positive 1:110 11 Doxycycline 0.2 g/ 

day for 12 weeks + 
rifampicin 0.2 g/day 

for 12 weeks

0 Abdominal aorta and double 

iliac artery angiography plus 
covered stent implantation of 

the abdominal aorta and right 

common iliac artery were 
performed via both femoral 

arteries

Improvement –

Case2 Abdominal aorta Positive Positive 1:130 17 Doxycycline 0.2 g/ 
day for 12 weeks + 

rifampicin 0.6 g/day 

for 12 weeks + 
levofloxacin 0.5 g/ 

day for 12 weeks

– Refuse to surgery Getting 
better

–

Case3 Abdominal aorta 

and bilateral 

common iliac 
arteries

Positive Positive 1:120 11 Rifampicin 0.6 g/ 

day for 8 weeks + 

Doxeloop 0.2 g/day 
for 8 weeks

1 Abdominal aorta and double 

iliac artery angiography via the 

femoral artery, endovascular 
isolation of abdominal aortic 

pseudoaneurysm with covered 

stent, right internal iliac 
aneurysm coil embolization, 

and fistula feeding artery 

embolization were performed

Recurrence 12

Case4 The left common 

iliac artery is 

located above the 
bifurcation of the 

internal and 

external iliac 
arteries

Negative Positive 1:100 15 Doxycycline 0.2 g/ 

day for 16 weeks + 

rifampicin 0.6 g/day 
for 16 weeks

5 Coil embolization of left iliac 

artery pseudoaneurysm, 

stenting of left iliac and 
common femoral arteries, and 

balloon dilation were 

performed under local 
anesthesia through bilateral 

femoral arteries

Improvement –

(Continued)
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Table 4 (Continued). 

Case 
Number

Site of 
Aneurysm 
Lesion

Blood 
Culture

Rose 
Bengale 
Test 
(RBT)

Serum 
Agglutination 
Test (SAT)

Time from 
Onset to 
Aneurysm 
Detection 
(d)

Anti-infection 
After Diagnosis 
Medication Use 
and Course of 
Treatment

Time from 
Anti- 
Brucellosis 
Treatment 
to 
Operation 
(D)

The Operation Name Outcome Time from 
Surgery to 
Recurrence 
(Months)

Case5 Lower abdominal 
aorta and bilateral 

external iliac 

arteries

Negative Positive 1:200 8 Doxycycline 0.2 g/ 
day for 24 weeks + 

rifampicin 0.6 g/day 

for 24 weeks

5 Abdominal aorta and iliac 
artery angiography, abdominal 

aortic pseudoaneurysm 

endovascular isolation, double 
iliac artery stenting, and left 

femoral artery endarterectomy 

were performed under general 
anesthesia

Improvement –

Case6 Lower abdominal 

aorta bilateral renal 
artery level slightly 

lower anterior wall

Positive Positive 1:150 10 Rifampicin 0.6 g/ 

day for 12 weeks + 
doxycycline 0.2 g/ 

day for 12 weeks + 

levofloxacin 0.5 g/ 
day for 12 weeks

29 Abdominal aorta, bilateral 

renal artery, and bilateral iliac 
artery angiography, left renal 

artery balloon dilatation, left 

renal artery stent implantation, 
left internal iliac artery coil 

embolization, abdominal aortic 

covered stent implantation, 
and double iliac artery covered 

stent implantation was 

performed under local 
anesthesia

Recurrence 15

Case7 Lower segment of 

the abdominal 
aorta and bilateral 

common iliac 

artery, right 
external iliac artery, 

bilateral common 

iliac artery

Positive Positive 1:200 14 Rifampicin 0.6 g/ 

day for 8 weeks + 
doxycycline 0.2 g/ 

day for 8 weeks

0 Abdominal aortography and 

bilateral iliac artery 
angiography were performed 

via the bilateral femoral artery, 

and endovascular isolation was 
performed with a covered 

stent of an abdominal aortoiliac 

artery

Recurrence 6
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Case8 The distal segment 

of the right brachial 

artery

Negative Positive 1:160 16 Doxycycline 0.2 g/ 

day for 24 weeks + 

rifampicin 0.6 g/day 
for 24 weeks + 

compound 

sulfamethoxazole 
0.4 g/day for 24 

weeks

26 Right brachial artery 

pseudoaneurysm resection 

+VSD placement

Improvement –

Case9 Middle and lower 

abdominal aorta

Negative Positive 1:110 30 Rifampicin 0.6 g/ 

day + doxycycline 

0.2 g/day + bicyclic 
alcohol 75 mg/day 

+ levofloxacin 0.5 

g/day

50 Abdominal aortography via the 

right common femoral artery + 

abdominal aortic covered stent 
implantation + abdominal 

aortography review

Improvement –

Case10 The origin of the 

left common iliac 

artery

Negative Positive 1:180 30 Rifampicin 0.6 g/ 

day + doxycycline 

0.2 g/day + 
ceftriaxone 2 g/day 

+ levofloxacin 0.5 

g/day

29 Angiography of the abdominal 

aorta and bilateral iliac arteries 

via bilateral common femoral 
arteries and stent implantation 

of the abdominal aorta and 

bilateral iliac arteries was 
performed

Improvement –

Case11 The left margin of 

the abdominal 
aorta, the leading 

edge, and the right 

external iliac vessel 
course area

Negative Positive 1:100 10 Rifampicin 0.6 g/ 

day + doxycycline 
0.2 g/day + 

levofloxacin 0.5 g/ 

day

2 Abdominal aorta, bilateral iliac 

artery angiography, abdominal 
aortic peritoneal stent 

placement, and balloon dilation 

were performed through the 
right femoral artery under 

ultrasound guidance under 

local anesthesia

Improvement –

(Continued)
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Table 4 (Continued). 

Case 
Number

Site of 
Aneurysm 
Lesion

Blood 
Culture

Rose 
Bengale 
Test 
(RBT)

Serum 
Agglutination 
Test (SAT)

Time from 
Onset to 
Aneurysm 
Detection 
(d)

Anti-infection 
After Diagnosis 
Medication Use 
and Course of 
Treatment

Time from 
Anti- 
Brucellosis 
Treatment 
to 
Operation 
(D)

The Operation Name Outcome Time from 
Surgery to 
Recurrence 
(Months)

Case12 Abdominal aorta, 

bilateral iliac artery 

and left internal and 
external iliac artery

Negative Positive 1:200 19 Rifampicin 0.6 g/ 

day + doxycycline 

0.2 g/day + 
levofloxacin 0.5 g/ 

day

27 Abdominal aorta and double 

iliac artery were performed via 

left brachial artery and double 
common femoral artery, left 

common iliac artery and 

external iliac artery balloon 
dilatation, lower abdominal 

aorta, bilateral common iliac 

artery, bilateral external iliac 
artery and left internal iliac 

artery covered stent 

implantation

Improvement –

Case13 Aorta thoracica Negative Positive 1:140 8 Rifampicin 0.6 g/ 

day + doxycycline 

0.2 g/day + 
Gentamicin sulfate 

injection 160,000 U

24 Aortic angiography, stent 

implantationand aortic 

angiography were performed 
via right femoral artery guided 

bycolor ultrasound

Improvement –

Case14 Aorta abdominalis Negative Positive 1:160 10 Rifampicin 0.6 g/ 
day + doxycycline 

0.2 g/day + 

ceftriaxone 2 g/day

8 Endovascular isolation with 
stent for false aortic aneurysm

Improvement –
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Table 5 Morbidity and Treatment of 3 Patients with Aneurysm Due to Recurrent Brucellosis

Case 
Number

Gender Initial 
Onset 
Time

The Initial Drug Use Time 
to 
Relapse

Performance of 
Recurrence

Medication After Relapse Time to Relapse 
Time to the End of 
Previous Treatment 
(Months)

Case3 Male 2019.10 Rifampicin 0.6 g/day for 8 weeks + 

doxycycline 0.2 g/day for 8 weeks

2020.10 Lower left 

abdominal pain 

and lower back 
sleepiness

Doxycycline 0.2 g/day for 12 weeks + rifampicin 0.6 g/day for 

12 weeks + cephalosporin antibiotics 4G/day for 12 weeks

10

Case6 Male 2018.02 Rifampicin 0.6 g/day for 12 weeks + 

doxycycline 0.2 g/day for 12 weeks + 
levofloxacin 0.5 g/day for 12 weeks

2019.05 Pain and 

intermittent fever 
in the chest and 

abdomen

Doxycycline 0.2 g/day for 12 weeks + levofloxacin 0.5 g/day 

for 12 weeks + compound sulfamethoxazole tablets 0.4 g/day 
for 12 weeks + cefoxitin 2 g/day for 12 weeks

12

Case7 Male 2018.04 Rifampicin 0.6 g/day for 8 weeks + 
doxycycline 0.2 g/day for 8 weeks

2018.10 The abdominal 
pain

Doxycycline 0.2 g/day for 24 weeks + rifampicin 0.6 g/day for 
24 weeks + gentamicin 0.4 g/day for 2 weeks

4
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Discussion
The incidence of IAAA is relatively rare in the general population, and its incidence ranges from approximately 0.85% to 
1.30% of all abdominal aortic aneurysms.9 Risk factors for IAAA include immunocompromised status, smoking, hyperten-
sion, diabetes, alcohol consumption, steroid treatment or chemotherapy, and atherosclerotic plaques. Brucellosis is a zoonotic 
disease caused by small intracellular gram-negative bacteria of the genus Brucella. Brucella shows strong tissue tropism and 
replicates within the vesicles of macrophages, dendritic cells (DCs), and placental trophoblast cells. Brucella can replicate in 
various mammalian cell types, including microglia, fibroblasts, epithelial cells, and endothelial cells,10 resulting in multi-
systemic infections. Although the arterial vasculature is a rare site of Brucella invasion, aneurysms due to Brucella infection 
have been reported from time to time. However, there were few studies focusing on the features of aneurysm due to brucellosis 
and the recurrence. In this study, we recruited 14 cases of aneurysm due to brucellosis to compare the clinical characteristics as 
well as analyze the recurrence. The findings in the current study provide novel information for differential diagnosis and 
predict the prognosis of patients with aneurysm due to brucellosis.

According to the data from our hospital over the last 10 years, the incidence of aneurysms in patients with brucellosis 
was 2.32%, and it accounted for 2.73% of the total patients with infected aneurysms who were admitted to our hospital 
over the same period, thus showing an annually increasing trend. According to previous studies, male gender, age, 
smoking, white race, family history of abdominal aortic aneurysm, and atherosclerotic disease are the main factors with 
a positive association with aneurysms, while female gender and black race are the main factors with a negative 
association.11 In our study, we found that more than 90% patients recruited in our study were male. Moreover, our 
results revealed a higher incidence rate in patients with advanced age. Their findings were in agreement with previous 
studies. Previous observational studies have shown that smoking is associated with the rate of aneurysm enlargement and 
that smoking cessation reduced the rate of aneurysm growth by approximately 20% and the risk of aneurysm rupture by 
approximately 50%.12 In consistent with these previous studies, among the 14 patients reported in this study, 13 (92.9%) 
were male patients; 10 (71.4%) were elderly patients over the age of 60 years; and all patients had a long history of 
smoking, including 20 cigarettes per day in 8 patients, 40 cigarettes per day in 2 patients, and 10 cigarettes per day in 4 
patients. Our findings also showed that the recurrent rate in smoking patients was higher than in non-smokers.

The most important pathophysiological mechanism of IAAA is necrosis and rupture of the atherosclerotic vessel wall, 
leading to bacterial adhesion. Therefore, atherosclerosis is the most common and important cause of IAAA.13 In almost 
all cases in our study patients, plaques at varying stages were detected. These plaques have an irregular surface and 
provide potential attachment sites for microbes.14 Previous studies have found that the presence of atheromatous plaques 
in the abdominal aorta, carotid artery, and femoral artery doubles the risk of aneurysm.15 It has been reported that 75% of 
patients with IAAA are associated with thrombosis. Moreover, open surgery also found that most IAAA are associated 
with thrombosis, suggesting that atherosclerosis and thrombosis are closely related to the development and progression of 
IAAA.16 IAAA can be caused by a variety of pathogenic bacteria. Among the bacteria, the most common causative 
agents are Salmonella spp., Streptococcus spp., and Staphylococcus aureus, as they have a strong affinity for the arterial 
wall. Salmonella is the most common pathogen infecting aortic aneurysms, with a reported incidence of up to 75%.17 

Brucella is less common. As an endoparasitic bacterium, Brucella can attach to vascular branches or small trophoblastic 
vessels through blood circulation to invade the arterial wall, become encapsulated in peripheral soft tissues, and form 
a hematoma linked to the aorta, which gradually develops into an aneurysm. In our study, brucellosis-related IAAAs 
occurred mainly in the abdominal aorta (5 patients), abdominal aorta + iliac artery (5 patients), iliac artery (2 patients), 
thoracic aorta and brachial artery were less common (1 case each). The most frequent site of aneurysm is the abdominal 
aorta, followed by the ascending aorta, the descending aorta, and the iliac artery.18 Patients with abdominal aortic 
involvement show severe abdominal pain and low back pain, particularly with spinal involvement. These findings 
supported the previous findings that aorta is more susceptible for brucellosis-related IAAA. Cystic tumor was presented 
in all cases. Vascular plaque and occlusion was presented in 10 cases. Patients with thoracic aortic involvement show 
chest pain and hypotension.19 Because of the progression of infection in the arterial wall and surrounding tissues, 
aneurysms can expand rapidly and lead to rupture; furthermore, patients often have a combination of sepsis and multiple 
serious underlying diseases, thereby making such aneurysms difficult to cure and highly fatal. According to previous 
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studies, special locations such as the neck of the aneurysm, the posterior inferior part of the aneurysm cavity, and the side 
of the iliac branch at the bifurcation of the main iliac artery at a greater angle to the long axis of the abdominal aorta are 
the areas of overlapping flow disturbances, high flow velocities, high wall pressure, and high wall shear stress, thus 
indicating that abnormal local hemodynamic parameters in these locations are an important cause of aneurysm devel-
opment and progression. Attention to hemodynamic alterations in these specific locations is beneficial to prevent and 
treat aneurysms and optimize treatment plans.20

Treatment of aneurysms due to brucellosis involves thorough surgical debridement of the infected area, hematological 
reconstruction, and prolonged antibiotic therapy. Hematological reconstruction can be safely performed by in situ repair or 
extra-dissecting bypass, followed by aggressive long-term antibiotic therapy. As the rate of arterial rupture within 1 week is as 
high as 53% in patients with conservative treatment alone,21 surgical treatment is almost always the mainstay of treatment for 
infected aneurysms. Endovascular aneurysm repair (EVAR) is currently the primary treatment for aneurysms,22 and the IAAA 
diameter is the primary factor in the decision to conduct the operation. The rate of IAAA growth, symptoms, and embolism 
due to dislodgement of the aneurysm are also important factors in the decision to operate. Regardless of the size of the 
aneurysm, prompt surgery is recommended if pain due to the aneurysm is present and rupture cannot be ruled out. Elective 
IAAA repair should be avoided in patients with uncontrolled active infection or sepsis, active bleeding (non-aneurysm related) 
or coagulation disorders, acute myocardial infarction, acute cerebral infarction, acute liver or renal failure, and life expectancy 
<6 months (eg, advanced malignancy).23 The Society for Vascular Surgery (SVS) guidelines recommend open surgery for 
IAAA patients with poor vascular anatomy, and the European Society for Vascular Surgery (ESVS) guidelines recommend 
open surgical repair for patients with a life expectancy of 10 to 15 years.24 According to the National Institute for Health and 
Clinical Excellence (NICE) guidelines, open surgery is recommended as the first-line surgical treatment for patients with 
unruptured IAAA, with EVAR or conservative treatment being considered for patients at risk of anesthesia or in whom open 
repair is contraindicated. Although EVAR surgery has a lower perioperative mortality rate and shorter hospital stay, it has 
a higher long-term mortality rate and more complications than open surgery;25 moreover, endoleaks are common complica-
tions after EVAR.26 Both open surgery and endoluminal repair may result in endothelial damage, thereby providing an 
opportunity for bacteria in the circulation to invade the arterial wall;27 hence, antibiotics must be administered throughout the 
preoperative preparation and long-term postoperative follow-up. In China, the actual situation in each center needs to be 
assessed to give patients the most appropriate treatment.

When dealing with the treatment of Brucella in the cardiovascular system in the absence of specific data, we adopt the 
recommendation of widespread infection. The World Health Organization recommends doxycycline (100 mg twice daily) 
and rifampicin (600–900 mg once daily) as standard therapy for brucellosis for 6 weeks,28 and 6 weeks of doxycycline 
and an initial 3 weeks of streptomycin are acceptable alternatives.29,30 The regimen is also recommended by Ioannina.31 

On the contrary, fluoroquinolones are less effective in the treatment of brucellosis and are not recommended.32 The 
Sanford guidelines for antimicrobial therapy suggest that the preferred regimen in the absence of localized lesions is 
doxycycline 100 mg twice daily × 6w + gentamicin 5 mg/kg once daily for 1 week.33 According to the recommendations 
of Harrison Infectious Diseases, the gold standard of treatment for adult brucellosis is intramuscular streptomycin (0.75– 
1 g daily for 14–21 days) combined with doxycycline (100 mg twice daily for 6 weeks).34 A common alternative, 
according to the WHO recommendation, is rifampicin (600–900 mg/d) combined with doxycycline (100 mg twice daily) 
for 6 weeks. The relapse/failure rate under experimental conditions is approximately 10%. In contrast, the recurrence rate 
of an aneurysm due to brucellosis in the present patient group was 37.5%, which was higher than the recurrence/failure 
rate of the common type of brucellosis. A meta-analysis showed that a triple combination of doxycycline, rifampicin, and 
initial therapy with aminoglycosides was superior to a two-combination regimen and should be considered for all patients 
with the complex disease, where treatment adherence may be problematic. According to the Expert Consensus on the 
Treatment of Brucellosis developed in China in 2017,35 in the presence of comorbidities, treatment is recommended to 
last for at least 3–6 months. A change to another triple antibiotic regimen may be considered for patients readmitted to 
the hospital, and the course of antibiotics may be extended appropriately to avoid drug resistance and relapse.

Regarding the criteria for relapse, it has been proposed that relapses and new-onset patients should be distinguished 
according to the time of disappearance of protective antibodies after the disease; patients who develop the disease within 
1 year after cure of the first disease should be considered as relapse patients, and those who develop the disease again 
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more than 1 year after cure of the first disease should be considered as new-onset patients.36 In Practical Clinical 
Brucellosis, it is suggested that relapse generally occurs within 10 months of completion of treatment. In the follow-up of 
patients with aneurysms due to brucellosis, the observation period should be extended appropriately. Harrison Infectious 
Diseases suggests that patients should be ideally followed up clinically for up to 2 years to detect recurrence and that 
peripheral blood PCR has great potential to detect bacteremia, predict recurrence, and rule out “chronic brucellosis”. In 
the present patient group, the longest follow-up period was 5 years, and the shortest was 6 months. One study showed 
a recurrence rate of 5% to 15% in patients with brucellosis. Our studies also indicated that the location of lesion was 
associated with recurrence: patients with lesion located in the abdominal aorta showed higher chance of recurrence. 
However, the presence of vascular plaque and occlusion did not correlate with recurrence based on our findings in this 
current study. Previous studies suggest that Brucella causes infection through nutrient acquisition, pathogen replication, 
or intercellular transmission of the pathogen by disrupting the host IRE1 (signaling cascade to ensure intracellular 
ecological niches).37 To date, there are no valid and reliable data on risk factors for the recurrence of brucellosis and on 
the epidemiology of recurrence. Positive blood cultures, temperature >38.3°C, disease progression in the short time 
before treatment, males and low platelet counts are the major risk factors for recurrence of brucellosis,38,39 Host 
characteristics such as advanced age, immune status, the severity of the infection, and delayed treatment are potential 
risk factors for recurrence, and elderly populations and cold months may be triggers for the recurrence of brucellosis in 
humans.40 In the present study, there were three cases of recurrence, all of which occurred during cold months. Two 
patients were elderly men in a high-risk environment of sheep grazing. Furthermore, there were two cases of multisite 
recurrence in the abdominal aorta + iliac artery. Avoidance of environmental exposure is recommended to prevent 
reinfection. Brucella mainly multiplies in the cells of the human reticuloendothelial system, and it is difficult for many 
drugs to enter the cells; consequently, Brucella cannot be easily eradicated, and the patients are prone to recurrent 
infections. Hence, early, combined, adequate, and full-course treatment is emphasized for patients with brucellosis. One 
study found that aminoglycosides (gentamicin or streptomycin versus doxycycline) were associated with a lower rate of 
recurrence of brucellosis.41 The present findings suggest a high recurrence rate of aneurysms due to brucellosis. It is 
recommended that close contact be established between surgery and internal medicine that professional guidance is given 
by the internal medicine department and that clinicians be made more aware of the need to perform blood cultures. 
Brucella is an exclusively aerobic bacterium and grows slowly; therefore, blood culture should be extended to obtain 
a higher positive rate. If no bacteria are detected, then the culture time should be extended, or the sample should be 
present for blood culture. Because of the low positive culture rate, a negative result does not exclude Brucella infection, 
and treatment decisions should not be influenced by a negative result but should consider all aspects of clinical, 
epidemiological history, and serology to give an appropriate diagnosis and treatment.

In summary, the present study provides a retrospective analysis of 14 patients with aneurysms due to brucellosis to 
fully understand their epidemiological features and clinical characteristics and to provide a scientific and reasonable basis 
for the correct diagnosis of an aneurysm due to brucellosis and for the formulation of effective prevention and control 
measures. The epidemic of brucellosis is still hidden and seriously endangers the healthy and sustainable development of 
cattle and sheep by causing large economic losses to farmers and threatening human health. Timely diagnosis and 
adequate treatment are the important factors that influence the effectiveness of brucellosis treatment; these factors should 
be supported by increasing public awareness, educating high-risk groups, increasing the vaccination rate, and improving 
the standard of treatment. The development and prognosis of aneurysms are significantly correlated with factors such as 
smoking, hypertension, and arterial plaque. We should strengthen research on factors that influence the development and 
prognosis of aneurysms and take comprehensive measures to curb smoking, control blood pressure, and prevent arterial 
plaque formation. We should also enhance the standardized treatment and follow-up management of patients to achieve 
dynamic assessment during the follow-up process, individualize the treatment course and timing of drug discontinuation, 
improve patient compliance, increase the cure rate, and reduce the chronicity and recurrence rate. Because brucellosis is 
a rare disease, there are still many unknown issues; for example, its pathogenesis and risk factors have not yet been fully 
elucidated; population epidemiological data and international diagnostic standards are lacking; the duration of preopera-
tive antibiotic therapy, the timing of surgery, and the total course of antibiotic therapy are still controversial; and there is 
a lack of large-scale randomized controlled trial studies to compare the efficacy of various treatments due to insufficient 
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sample size. Hence, further studies are warranted to overcome these limitations and gain comprehensive knowledge on 
treating brucellosis and its associated complications.

Conclusion
The present study revealed that the recurrence in male gender, advanced age, smoking, and irregular treatment is higher. 
On the contrast, early intervention, a combination of adequate course of anti-infection treatment and timely surgery can 
improve the prognosis. When the routine treatment for unexplained persistent fever or chest and abdominal pain is 
ineffective, especially for patients with epidemic history, brucellosis should be considered. Early blood culture, RBT and 
CTA should be performed to avoid missed diagnosis and misdiagnosis.
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