
O R I G I N A L  R E S E A R C H

Clinical Effect of Doxycycline Combined with 
Compound Sulfamethoxazole and Rifampicin in 
the Treatment of Brucellosis Spondylitis

Xin-Ming Yang
Yong-Li Jia 
Ying Zhang 
Pei-Nan Zhang 
Yao Yao 
Yan-Lin Yin 
Ye Tian

Department of Orthopaedics, The First 
Affiliated Hospital of Hebei North 
University, Zhangjiakou, 075000, Hebei, 
People’s Republic of China 

Objective: The purpose of this study was to determine the clinical value of triple antibiotic 
therapy consisting of doxycycline, compound sulfamethoxazole and rifampicin in the treat-
ment of brucellosis spondylitis.
Methods: A retrospective analysis was performed on 100 patients with brucellosis spondy-
litis admitted to the First Affiliated Hospital of Hebei North University from March 2016 to 
June 2019. Patients were divided into the following two groups: the control group (n = 50) 
treated with dual antibiotic therapy (rifampicin + compound sulfamethoxazole), and the 
observation group (n = 50) treated with triple antibiotic therapy (rifampicin + doxycycline 
+ compound sulfamethoxazole). The treatment effect, low back pain relief, levels of ery-
throcyte sedimentation rate (ESR), procalcitonin (PCT) and C-reactive protein (CRP), as 
well as the adverse reactions were compared between the two groups.
Results: The response rate of the observation group was significantly higher than that of the 
control group (P < 0.05). Before treatment, there was no significant difference in the low 
back pain assessed by the visual analogue scale (VAS), or levels of ESR, PCT and CRP 
between the two groups (P > 0.05). But after treatment, the VAS score and the levels of ESR, 
PCT and CRP in observation group were lower than those in the control group (P < 0.05). No 
significant difference was found in the incidence of adverse reactions (P > 0.05).
Conclusion: The triple antibiotic therapy of doxycycline, compound sulfamethoxazole and 
rifampicin is effective in the treatment of brucellosis spondylitis. It can significantly alleviate 
patients’ back pain and inflammation with a high safety profile, which is worthy of clinical 
application.
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Brucellosis spondylitis, abbreviated as brucellosis, is a zoonotic contagious disease 
caused by Brucella infection. When Brucella infection invades the human body, it 
travels through the bloodstream to various organs in the body. When it invades the 
spine, it is clinically called Brucellar spondylitis, or brucellosis spondylitis.1–3 In 
the late 1970s and 1980s, the prevalence of this disease tended to ease. However, 
recent years have witnessed a gradual increase in the number of patients with 
brucellosis along with the development of animal husbandry, with an incidence of 
2% to 53%.4–6 Inflammation caused by brucellosis often involves the spinal cord 
and nerve roots, leading to neurological symptoms and even paraplegia in severe 
cases.5,7 Currently, antibiotics are an important treatment for the disease, and dual 
or even triple antibiotic therapy is often used in clinical treatment. Therefore, the 
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choice of antibiotics in clinical practice should be more 
cautious.8,9 In this study, the clinical data and treatment 
status of 100 patients admitted to our hospital from 
March 2016 to June 2019 were retrospectively analyzed. 
The report is as follows.

Materials and Methods
General Information
A retrospective analysis was performed on 100 patients with 
brucellosis spondylitis admitted to the First Affiliated Hospital 
of Hebei North University from March 2016 to June 2019. 
Patients treated with dual antibiotic therapy (rifampicin + 
compound sulfamethoxazole) were included in the control 
group (n = 50), and those treated with triple antibiotic therapy 
(rifampicin + doxycycline + compound sulfamethoxazole) 
were assigned to the observation group (n = 50). Inclusion 
criteria: (1) All patients had a history of exposure to cattle and 
sheep to varying degrees or a history of eating undercooked 
beef and mutton or drinking unpasteurized dairy products. (2) 
All patients have a slow onset, accompanied by flaccid 
hypothermia (body temperature <38.5°C), night sweats and 
fatigue; (3) Diagnosis of brucellosis spondylitis based on 
medical history and imaging; (4) The indications for surgical 
treatment were not reached. Exclusion criteria: (1) Patients 
Aged less than 18 or more than 70, or those during pregnancy 
or lactation; (2) Those with allergies to the study medication; 
(3) Those with serious primary diseases such as cardiovascu-
lar, cerebrovascular, liver, kidney or hematopoietic system; (4) 
Patients with mental illness; (5) Those who cannot take med-
ications on time as required, or terminated treatment by them-
selves; (6) Those with incomplete medical records. The 
general data were comparable between the two groups, with 
no significant difference in gender, age, course of disease, 
lesion location and bacterial classification (P > 0.05), as 
shown in Table 1. This study was conducted in accordance 
with the amended Declaration of Helsinki and was approved 
by the Ethics Committee of the First Affiliated Hospital of 
Hebei North University, all subjects signed an informed con-
sent form.

Laboratory Inspection
The Brucella agglutination test results showed positive, and 
the erythrocyte sedimentation rate (ESR) increased to 32– 
93 mm/h. The results of blood routines were within the 
reference range, with the C-reactive protein (CRP) of 28– 
65 mg/L and the procalcitonin (PCT) of 2.43–4.65 μg/L.

Imaging Manifestations
GE Lightspeed Ultra multislice CT Scanner was used for 
routine scanning; GE portable C-arm X-ray machine was 
used for fluoroscopy examination; GE Signa HD High- 
field magnetic resonance imaging (MRI) was used to scan 
conventional spin echo (SE) sequences at T1 weighted 
image (T1WI), T2 weighted image (T2WI), short-TI inver-
sion-recovery (STIR), as well as horizontal T1WI and 
T2WI. X-ray films demonstrated varying degrees of nar-
rowing of the intervertebral-disc space. The vertebral body 
showed worm-eaten damage, with bone hyperplasia at the 
edge and some bone bridges. CT showed multiple small 
lesions in the vertebral body, most of which were located 
at the edge of the centrum, with osteosclerosis at the edge 
of the lesion. MRI showed low signal intensity on T1WI, 
high signal intensity on T2WI, uneven signal intensity of 
intervertebral disc invasion, and intervertebral space ste-
nosis. Abscesses can be seen on both sides of the vertebral 
body with ill-defined boundaries. The scanning images can 
be found in Figure 1.

Treatment Methods
Both groups of patients received routine care and were 
instructed to drink more water and take vitamin B/C and 
nutrients. Patients with fever were given physical hypother-
mia or antipyretic drugs. For those with pain, they were 
given analgesics and told to rest. All patients were treated 

Table 1 Comparison of General Information Between the Two 
Groups

Grouping Control 
Group (n = 
50)

Observation 
Group (n = 
50)

t/X2 P

Age (years) 43.56±5.23 42.97±5.02 0.023 0.67

Gender [n(%)]

Male 29 (58.0) 27 (54.0) 0.16 0.69
Female 21 (42.0) 23 (46.0)

Course of disease 

(months)

37.82±8.32 38.11±8.01 0.036 0.58

Bacterial typing

Br. bovis 27 (54.0) 28 (56.0) 0.04 0.84
Br. melitensis 23 (46.0) 22 (44.0)

Regions
L3–4 18 (36.0) 17 (34.0) 0.18 0.92

L4–5 20 (40.0) 22 (44.0)

L5-S1 12 (24.0) 11 (22.0)
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with a combination regimen. Patients in the control group 
(n = 50) were treated with dual antibiotic therapy composed 
of rifampicin (Manufacturer: Shenyang Shuangding 
Pharmaceutical Co. Ltd.; SFDA Approval Number: 
H20050725; Specifications: 5mL: 0.3g (rifampicin)*5) and 
compound sulfamethoxazole (Manufacturer: Shandong 
Fangming Pharmaceutical Group Co. Ltd.; SFDA 
Approval Number: H37023306; Specifications: 2mL: 
0.4g*10 injection). Administration: rifampicin: 0.45 g/ 
time, qd, intravenous infusion; compound sulfamethoxa-
zole: 0.1 g/time, qd, intravenous infusion. The observation 
group (n = 50) was treated by triple antibiotic therapy, which 
consisted of rifampicin, doxycycline, and compound sulfa-
methoxazole. Administration: doxycycline (Manufacturer: 
Hainan Tongkangli Pharmaceutical Co. Ltd.; SFDA 
Approval Number: H20060405; Specifications: 0.1g injec-
tion): 0.1 g/time, qd, intravenous infusion; the usage of 
rifampin and compound sulfamethoxazole is the same as 
described above. After the Brucella agglutination test indi-
cating negative, patients continued to take the drugs for 2 
weeks for a total of 1 to 2 courses. Both groups were 
prescribed 7 days a treatment period. If the Brucella agglu-
tination test was negative after 2 treatment periods, the 
medication was continued for 2 weeks. In the treatment 
process, patients with high fever were given physical cool-
ing, antipyretic and analgesic drugs, and those with low 
back pain were given non-steroidal anti-inflammatory 
drugs. At the same time, the liver and kidney function was 
tested, and liver protection treatment was given if necessary. 

In addition, patients were asked to stay in bed and enhance 
nutritional support.

Evaluation Criteria
(1) Curative effect: Cured: During the follow-up which 
lasted for more than 6 months, the clinical symptoms and 
signs of patients disappeared, with no fever, normal ESR, 
PCT and CRP levels, as well as spinal function recovery 
and bone healing as indicated by X-ray. Improved: no 
fever, and significant improvement in clinical symptoms 
and signs; ESR, PCT and CRP levels were close to nor-
mal, and the spinal function was significantly restored; 
X-ray showed that the bone is basically healed. 
Ineffective: Fever was still present, and the clinical symp-
toms and signs were not significantly improved; ESR, 
PCT and CRP levels were elevated, and the spinal func-
tion was not significantly recovered; X-ray showed bone 
healing failure, with positive Brucella agglutination test 
results or only a short period of symptom improvement. 
Effective rate = (cure + improvement) cases/total number 
of cases × 100%.

(2) The visual analogue scale (VAS) was used to assess 
the low back pain relief of patients. The higher the score, 
the intense the pain.10

(3) The serum levels of inflammatory indexes (ESR, 
PCT and CRP) before and after treatment were recorded 
and compared between the two groups. PCT was measured 
by the immunofluorescence method, and ESR and CRP 
were measured using an automatic biochemical analyzer.

Figure 1 Imaging manifestations of a typical case of brucellosis spondylitis. Anteroposterior X-ray: Visible vertebral bone hyperplasia, sclerosis, irregular worm-like damage, 
narrowing of the intervertebral space, ossification of the anterior and posterior longitudinal ligaments of the spine, as well as narrowing and blurring of the facet joint space 
(A); CT: bone destruction can be seen, which are multiple round, quasi-round, or patchy low-density foci with obvious hyperplastic sclerosis bands around (B); MRI: it can 
be seen that the vertebral body bone and the surrounding soft tissues have abnormal signals, the intervertebral space is narrow, and the vertebral body shows uneven signal. 
T1WI takes on low signal, but T2WI high signal (C).
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(4) Incidence of adverse reactions: Adverse reactions 
including gastrointestinal reactions (nausea and vomiting, 
abdominal pain and diarrhea), skin rash, liver and kidney 
damage, were recorded in both groups.

Statistical Analysis
SPSS 22.0 statistical software and GraphPad Prism 8.0 
software were used for data statistical analysis and 
image rendering, respectively. P < 0.05 was considered 
to be statistically significant. Counting data were 
expressed as number of cases/percentages [n (%)], 
and compared by the Chi-square test between groups. 
Measurement data were expressed as mean ± standard 
deviation (mean±SD); Independent sample t-test was 
used for inter-group comparison of measurement data, 
and paired t-test was used for intra-group comparison 
before and after treatment.

Results
Comparison of General Information 
Between the Two Groups
There were no significant differences in age, gender, course 
of disease, body mass index (BMI) or location of disease 
between the two groups (P > 0.05), as shown in Table 1.

Comparison of Treatment Efficacy 
Between the Two Groups
In the observation group, 15 cases were cured, 27 cases 
were improved and 8 cases were ineffective, with an 
effective rate of 84%; While the cured, improved and 
ineffective cases in the control group were 10, 23 and 
17 respectively, and the effective rate was 66%; The 
response rate of the observation group was higher than 
that of the control group (P < 0.05), as shown in 
Table 2.

Comparison of VAS Score Between the 
Two Groups
Before treatment, there was no significant difference in 
VAS score between the two groups (P > 0.05). After 
treatment, the VAS score of the observation group was 
significantly lower than that of the control group 
(P < 0.05), as shown in Figure 2.

Comparison of Serum Inflammatory 
Indexes Between the Two Groups
The two groups showed similar serum levels of PCT, CRP 
and ESR before treatment. However, the levels of serum 
PCT, CRP and ESR in the observation group were signifi-
cantly lower than those in the control group after treatment 
(P < 0.05), as shown in Figure 3.

Comparison of Adverse Reactions 
Between the Two Groups
In the control group, there were 5 cases of gastrointestinal 
reactions, 3 cases of skin rash, 3 cases of liver damage and 2 
cases of kidney function damage, with a total adverse reac-
tion rate of 26%. In the observation group, gastrointestinal 
reactions, rash, liver damage and kidney damage occurred in 
3 cases, 2 cases, 2 cases and 2 cases respectively, and the 
overall adverse reaction rate was 18%. There was no differ-
ence in the incidence of adverse reactions between the two 
groups (P < 0.05), as shown in Table 3.

Discussion
Brucellosis is found globally. In China, the disease mostly 
occurs in areas with large pastoral areas such as Inner 
Mongolia and Xinjiang, while it is sporadically distributed 
in other provinces.11 Brucella is a ball-shaped gram- 
negative bacterium, with 6 genera, including Br. bovis, 
Br. melitensis and Br. suis, among which the former two 
were the most common species in China.12,13 Brucella 
infection in humans, with no sex predilection, is caused 
by human contact with infected animals, eating infected 
food or breathing air contaminated with Brucella. It is 
mainly transmitted to the human body through animals 
and is difficult to spread from person to person. Its patho-
genesis is complex, mainly associated with bacteria and 
toxins.14 The main clinical symptoms during the acute 
phase of the disease are fever, hyperhidrosis, and joint 
pain.15 Improper treatment can lead to the progression of 
acute brucellosis to a chronic disease, complicated by 
osteoarthritis, neurological brucellosis, etc., seriously 

Table 2 Comparison of Treatment Efficacy Between the Two 
Groups (n,%)

Grouping Cured 

[n(%)]

Improved 

[n(%)]

Ineffective 

[n(%)]

Effective 

Rate (%)

Observation group  

(n = 50)

15 (30.0) 27 (54.0) 8 (16.0) 84%

Control group (n = 50) 10 (20.0) 23 (46.0) 17 (34.0) 66%

X2 25.84

P <0.001
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affecting the quality of life of patients.16 In general, after 
diagnosis and standardized treatment, patients have 
favourable outcomes and low disease recurrence. 

Therefore, the choice of antibiotics, the course of treat-
ment and patient compliance are critical to the treatment 
and prognosis of the disease.

Figure 2 VAS scores of the two groups before and after treatment. 
Note: *P < 0.05.

Figure 3 Comparison of serum inflammatory indexes between the two groups. Comparison of serum PCT (A), CRP (B) and ESR (C) levels between the two groups of 
patients before and after treatment. 
Note: *P < 0.05.

Table 3 The Occurrence of Adverse Reactions in the Two Groups of Patients (n, %)

Grouping Gastrointestinal 
Reactions [n(%)]

Skin Rashes 
[n(%)]

Liver Damage 
[n(%)]

Kidney Function 
Damage [n(%)]

Total Incidence 
(%)

Control group(n = 50) 5 (10.0) 3 (6.0) 3 (6.0) 2 (4.0) 26%

Observation group(n = 50) 3 (6.0) 2 (4.0) 2 (4.0) 2 (4.0) 18%
X2 0.93

P 0.33
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Brucellosis spondylitis is one of the specific infectious 
diseases. Due to Brucella infection of the cones, the clin-
ical symptoms of patients mainly include vertebral 
abscess, vertebral body destruction, and intervertebral 
disc inflammation, which in the long term, will cause 
spinal injury, leading to spine and even spinal cord 
lesions.17 According to “Guidelines for Diagnosis and 
Treatment of Mycosis” issued by the National Health 
Commission, doxycycline combined with rifampicin or 
streptomycin is recommended as the first-line drug therapy 
for brucellosis; The second-line drug therapy, ie, doxycy-
cline in combination with sulfonamides or tobramycin or 
rifampicin in combination with fluoroquinolones, may be 
used as appropriate when first-line drugs cannot be com-
bined or are not effective.18,19 Brucellosis spondylitis, 
characterized by changes in intervertebral disc inflamma-
tion, is one of the complications of brucellosis, with an 
incidence of up to 60%.20,21 In the early stage of the 
disease, conservative treatment with drugs is the mainstay 
of treatment. When the pain cannot be relieved by the 
conservative treatment, surgical treatment can be a option 
for those who meet the surgical indications.22–24

At present, brucellosis is mainly treated with antibiotics, 
including rifampicin, levofloxacin, doxycycline, and 
streptomycin.25,26 Clinically, antibacterial drugs that can 
enter cells are usually used in combination with other anti-
biotics to achieve drug penetration into macrophages, so as to 
improve the efficacy and prognosis.27 Both rifampicin and 
doxycycline are antibiotics that can enter cells. Rifampicin is 
a semi-synthetic broad-spectrum antibiotic of rifamycin, 
which has certain antibacterial activity against a variety of 
pathogenic microorganisms such as Gram-negative bacteria. 
Its mechanism of action is to inhibit the synthesis of RNA by 
bacteria and block transcription, thereby blocking the synth-
esis of protein and DNA and exerting its antibacterial effect; 
However, the effect of single drug is not ideal.28,29 

Doxycycline, also an antibiotic with a broad antibacterial 
spectrum, has strong antibacterial activity against sensitive 
gram-positive cocci and gram-negative bacilli. It can quickly 
bind to 30 S ribosomal subunits and inhibit t-RNA binding to 
play its antibacterial effect.30,31 Sulfonamides are a kind of 
broad-spectrum antibacterial drugs, which are mainly used 
for the prevention and treatment of infectious diseases in 
clinical practice. In addition to their stability, they are widely 
used as feed additives or animal disease treatment drugs in 
veterinary clinics and animal husbandry. Sulfonamide anti-
biotics affect the synthesis of dihydrofolate and inhibit 

bacterial growth and reproduction by competing with sulfa 
drugs and receptors for dihydrofolate synthase.32,33 The 
results of this study showed that the response rate of the 
triple antibiotic therapy composed of doxycycline, com-
pound sulfamethoxazole and rifampicin in the treatment of 
brucellosis spondylitis was 84%, while that of the combined 
therapy of compound sulfamethoxazole and rifampicin was 
66%, indicating that the therapeutic effect of the triple anti-
biotic therapy is better than that of the dual therapy. In 
addition, it was found that there were no significant differ-
ences in the VAS score and serum levels of PCT, CRP and 
ESR between the two groups before treatment. After treat-
ment, however, the above indexes in the observation group 
were lower than those in the control group, indicating that the 
triple antibiotic therapy (doxycycline + compound sulfa-
methoxazole + rifampicin) is more effective than the dual 
antibiotic therapy (compound sulfamethoxazole + rifampi-
cin) in alleviating pain and reducing inflammation. With 
monotherapy, some patients may experience gastrointestinal 
reactions such as nausea and vomiting, as well as adverse 
reactions such as liver and kidney function damage, espe-
cially when antibiotics are used.34 Therefore, in the case of 
combined use of antibiotics, it is necessary to pay attention to 
and minimize the occurrence of adverse reactions. The 
results of this study showed that the total incidence of 
adverse reactions was 18% in the observation group and 
26% in the control group, with no significant difference 
between the two groups. It suggests that mastering the use 
time and dose of doxycycline will help to control and reduce 
the adverse reactions of the combined use of antibiotics.

Due to the design of this study, it still has some limita-
tions. The sample size may be too small to detect differences 
between the two groups. So, the similarities in clinical out-
comes may be a type II error, as is evident from our study. 
Thus, a well-designed trial with prospective data collection 
and sample size calculation is needed to confirm the results 
obtained in this study and to demonstrate the clinical effect 
of doxycycline combined with compound sulfamethoxazole 
and rifampicin in the treatment of brucellosis spondylitis.

In summary, compared with dual antibiotic therapy 
of compound sulfamethoxazole and rifampicin, the triple 
antibiotic therapy consisting of doxycycline, compound 
sulfamethoxazole and rifampicin is more effective in 
treating brucellosis spondylitis. It has a more significant 
effect on reducing pain and inflammation in patients, 
with a relatively high safety profile, which is worthy 
of clinical application.
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