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Background: Brucellosis is currently one of the most widespread zoonotic diseases caused
by Brucella genus, and the Brucella melitensis is the major pathogen. The number of people
infected with Brucella has gradually increased in Anhui Province.

Purpose: To retrospectively evaluate the epidemiological, clinical, and laboratory data of
brucellosis patients in Anhui Province.

Patients and Methods: A total of 109 brucellosis patients were admitted to the First
Affiliated Hospital of Anhui Medical University from January 2012 to March 2021. Data
from all patients were retrieved from the hospital’s electronic medical system. The final
results were grouped and compared according to the presence or absence of bacteremic
brucellosis and three phases of brucellosis.

Results: The most common symptoms among all 109 brucellosis patients were fever
(89.0%), followed by chills (52.3%), arthralgia (48.6%), and weight loss (30.3%), and
laboratory results presented with anemia (65.1%), elevate of C-reactive protein (CRP)
(91.7%), erythrocyte sedimentation rate (ESR) (86.2%), aspartate aminotransferase (AST)
(40.4%), and lactate dehydrogenase (LDH) (43.1%). The percentage of fever (96.1%),
arthralgia (58.8%), anorexia (35.3%), leukopenia (31.4%), and the AST (51.0%) were higher
in bacteremic than nonbacteremic group. Additionally, the median level of LDH (332.0 mg/
L, IQR, 209.0-553.0) was higher in bacteremic than nonbacteremic group. Nevertheless, the
albumin (36.0 mg/L, IQR, 33.9-38.2) was lower in the bacteremic group. The percentage of
fever (94.9%) and the median LDH level (316.0 U/L (IQR,218.0-517.5)) in the acute phase
of brucellosis were higher than the percentage of fever (72.0%) and the median LDH level
(209.0 U/L (IQR,162.0-276.0)) in the subacute phase of brucellosis.

Conclusion: Brucellosis has become an important public health issue in Anhui Province.
Brucellosis is a disease with diverse clinical manifestations. Our data showed that unex-
plained fever, arthralgia, and elevated AST and LDH should be considered as a diagnosis of
bacteremia brucellosis for early treatment intervention.

Keywords: Brucella melitensis, brucellosis, bacteremia, epidemiological, clinical and

laboratory features

Introduction

Brucella, is a gram-negative coccobacillus causing infection mainly in the livestock
and animals, and humans acquire the infection through contact with infected
animals or eating diseased animals and their products.' Brucella belongs to the
Brucellae genus; there are six species, including B. melitensis, B. abortus, B. suis,
B. canis, B. ovis, B. neotomaes.> Each species has its optimal host, of which only
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the first four species can infect humans.> Among them,
B. melitensis is the most virulent and dominant species
associated with human brucellosis in China.>* Brucellosis
is a disease caused by Brucella with symptoms including
long-term fever, hyperhidrosis, arthralgia, fatigue, and
pain.” Brucellosis a very common but long-forgotten zoo-
nosis that was repopulated in China since 1995, and the
affected areas were mainly localized in northern China
such as Inner Mongolia, Shanxi, Heilongjiang, Hebei,
Jilin, and Shaanxi.® The increment in brucellosis in south-
ern China is mainly driven by occupational exposure to the
infected animal or connection with persons who had been
exposed to the animals or animal products in the region of
previous bacterial contamination.” In the past decade, the
increasing incidence of brucellosis gradually move toward
Anhui Province thus increasing disease prevalence.
Although brucellosis is an old zoonotic disease with
low mortality in humans, it can cause severe weakness,
disability and non-reversible effects.® Brucellosis is
a febrile disease with overlapping symptoms with other
diseases that often being confused” and is a serious threat
to human physical and mental health due to the lack of
proper treatment and reliable diagnostic methods.” The
disease has chronic and long-lasting properties where the
granuloma formation can compromise any organs and
cause a variety of clinical symptoms.'” The infrequent
presentations and non-specific symptoms of brucellosis
pose a challenge to the diagnosis of brucellosis."
Laboratory confirmation of brucellosis is achieved mainly
through serological examination and blood culture.®
Currently, blood culture is the gold standard in the diag-
nosis of brucellosis.'> Positive blood culture provided
confirmatory diagnosis when serology is sometimes show-
ing false-negative results for a variety of possible con-
founding factors, and the presence of bacteremia does
seem to be associated with the increase of recurrence
brucellosis.'® Brucella can cause severe bacteremic bru-
cellosis, which is not present in all infected patients
because it is a facultative organism with intracellular
replication capacity and avoid being detection from the
immune system.'* From previous studies, several clinical
manifestations, and laboratory results were found to be
associated with bacteremic brucellosis, including fever,
chills,
enzymes, and elevated C-reactive protein levels.

increased liver
15,16

leukopenia, thrombocytopenia,

Although Brucella bacteremia is not uncommon in
patients with Brucellosis, the reports regarding brucella
bacteremia are scarce in Anhui Province. Furthermore,

results obtained from the epidemiology, laboratory tests,
and the clinical presentation of brucellosis patients are not
fully investigated. Therefore, the present study was
designed to explore the epidemiology of patients with
Brucella infection and assess the clinical presentations,
laboratory findings, and the risk factors associated with
the disease progression in Anhui Province which may hold
great promise to reduce the misdiagnosis of brucellosis.

Patients and Methods

Recruitment Criteria and Brucellosis
Diagnosis

This retrospective study was conducted using data of bru-
cellosis patients collected between January 2012 and
March 2021 at the First Affiliated Hospital of Anhui
Medical University. It is one of the largest tertiary medical
institutions with a capacity of 2800 beds positioned in
Hefei, Anhui Province, China. Brucella infection was initi-
ally suspected in the presence of clinical presentation and
epidemiological investigation and confirmed by laboratory
examination. Brucellosis was diagnosed based on the
national guideline of “Diagnosis for Brucellosis (WS
269-2019)"'7 issued by National Health Commission of
of China in 2019: (1)
Epidemiological history: patient has a history of close

the people’s Republic
contact with livestock and animal products suspected of
brucellosis infection, or has eaten raw cow, sheep milk or
meat products, etc. (2) Clinical manifestation: symptoms
such as fever (including low-grade fever) lasting for days
or weeks, hyperhidrosis, fatigue, arthralgia and myalgia,
etc. (3) Positive rose bengal plate agglutination test (RBT)
reported by Anhui Prevention and Treatment Center for
Occupational Disease. (4) Isolation of Brucella species in
blood culture or positive serum agglutination test (SAT)
detected by Anhui Provincial Center for Disease Control
and Prevention. The titer of the SAT was >1:100 or the
duration of the course more than 1 year and still having
clinical symptoms was >1:50. The confirmed cases must
comply with (1), (2), and any one of (4) or (1), (2), (3),
and any one of (4) at the same time. Overall, fifty-one
patients with positive blood culture results confirmed with
Brucella melitensis were grouped into the bacteremic bru-
cellosis group, while fifty-eight patients with negative
blood culture results were grouped into non-bacteremic
brucellosis group. Diagnosis of patients with non-
bacteremic brucellosis is based on clinical and epidemio-
logical characteristics and the titer of the SAT.
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Blood specimens were collected from the bloodstream
by venipuncture and subsequently inoculated in aerobic
and anaerobic bottles before using antibiotics. The Bac-
Tac™ Blood culture system (BacT/ALERT 3D (240),
BioMeérieux) was used for determining the blood culture
result and followed by Matrix-Assisted Laser Desorption
Ionization Time of Flight Mass Spectrometry (MALDI-
TOF MS, BioM¢rieux, France) for bacteria identification.
The laboratory result of confirmed bacteremic brucellosis
was defined by the blood culture positive for Brucella.

Based on the duration of the manifestation and symp-
tom before admission to the hospital, the patients were
further divided into three groups: acute brucellosis (less
than 2 months), subacute brucellosis (2—6 months), and
chronic brucellosis (more than 6 months).'®

Data Collection

Data obtained from 109 brucellosis patients were retrieved
from the hospital’s electronic medical system. Clinical
data collected for each patient included the following
details: (1) Demographic and epidemiological characteris-
tics, such as age, sex, occupation, place of residence,
animal contact history, and travel history to outbreak
area; (2) Clinical and laboratory data including the date
of hospitalization, symptom onset, symptoms, complica-
tions, physical examination and laboratory test results; (3)
Data regarding the treatment history for brucellosis.

Statistical Analysis

All data were analyzed using the software SPSS version
25.0. The continuous variables assumed normal distribu-
tion were expressed as mean =+ standard deviation (SD).
The statistical methods compared with two groups were
used the Student’s #-test while those without a normal
distribution were described as medians (interquartile
range) and examined by the Mann—Whitney U-tests.
Comparison of three groups was used the One-way
ANOVA or the Kruskal-Wallis H-tests followed by the
post-doc Bonferroni correction. For categorical variables,
data were presented as frequency or percentage and were
compared by the chi-square or by the Fisher’s exact test.
Variables with P < 0.05 in the univariate analysis were
further analyzed by the binary logistic regression model,
and the results were presented as odds ratio (OR) and 95%
confidence intervals (95% Cls). Statistical significance
was defined as P < 0.05.

Results
Demographic and Epidemiological
Characteristics
From January 2012 to March 2021, 109 brucellosis
patients were admitted to the First Affiliated Hospital of
Anhui Medical University and were later enrolled in this
research. Of the 109 patients, 72 (66.1%) were males, with
ages ranging from 1 to 81 years old (median age: 49
years). Seventeen of these cases were from Hefei and its
adjacent districts, the others from nearby cities such as
Luan (24 cases), Fuyang (16 cases), Anqing (13 cases),
Bozhou (12 cases), Huainan (9 cases), Suzhou (6 cases),
Chuzhou (4 cases), Huaibei (3 cases), Chizhou (1 case),
Wuhu (1 case), and Xinyang, Henan province (3 cases).
More than half of the participants, 58 cases (53.2%)
were farmers and herdsmen (occupation information:
78.0% were recorded and 22% were not recorded). In
terms of epidemiological history, the most common risk
factors of infection were exposure to sheep or cattle, which
is accounts for 59 cases (54.2%). The highest number of
admissions occurred in spring and summer, with an overall
70 cases (64.2%). There were 79 cases (72.5%) in the
acute phase, 24 cases (22.0%) in the subacute phase, and
6 cases (5.5%) in the chronic phase. The brucellosis dis-
tribution between bacteremic and nonbacteremic patients
was significantly different in acute, subacute, and chronic
phases (P = 0.016). Distribution of patients with bactere-
mia and nonbacteremia in acute, subacute, and chronic
phases was 43 (84.3%), 7 (13.7%), 1 (2.0%) and 35
(60.3%), 18 (31.0%), 5 (8.6%) cases, respectively. All
detailed demographics and epidemiological characteristics
are shown in Table 1.

Clinical Characteristics and

Complications

The most common symptoms of 109 patients were fever
(89.0%), followed by chills (52.3%), arthralgia (48.6%),
weight loss (30.3%), fatigue (28.4%), hyperhidrosis
(25.7%), anorexia (25.7%), myalgia (24.8%), lymphade-
nectasis (24.8%), and cough (23.9%). The most common
complication in the patients was pneumonia (14.7%) and
splenomegaly (13.8%), while other least common compli-
cations including epididymo-orchitis (7.3%), arthrophlo-
gosis (4.6%), and meningitis (2.8%) were also observed.
More patients with bacteremic presented with fever
(p=0.027), arthralgia (p=0.046), and anorexia (p=0.031)
compared with nonbacteremic patients. In clear contrast
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Table | Demographic and Epidemiological Analysis of Brucellosis Patients (N = 109)

Variable Overall Bacteremic Group Nonbacteremic Group P value
(n=109) (n=51) (n=58)

Sex
Male 72 (66.1) 38 (74.5) 34 (58.6) 0.080
Female 37 (33.9) 13 (25.5) 24 (41.4)

Age (Average, years) 47.0 £ 17.1 463 + 17.5 47.6 + 16.7 0.679
0-18 years 7 (6.4) 4 (7.8) 3(52) 0.832
1945 years 36 (33.0) 16 (31.4) 20 (34.5)

4665 years 53 (48.6) 26 (51.0) 27 (46.6)
>65 years 13 (11.9) 5(9.8) 8 (13.8)

Occupation
Farmer and herdsman 58 (53.2) 27 (52.9) 31 (534) 0.761
Butcher 3(28) 2 (3.9) 1 (1.7)

Veterinarian 3(28) 2 (3.9 1 (1.7)
Other occupation 45 (41.3) 20 (39.2) 25 (43.1)

Place of residence
Urban 18 (16.5) 8 (15.7) 10 (17.2) 0.827
Rural 91 (83.5) 43 (84.3) 48 (82.8)

Mean hospitalization time (day) 9 (6-13.5) 9 (7-13) 8 (5.8-15) 0.348

Medical history
Exposure and farming of sheep or cattle 59 (54.2) 29 (56.8) 30 (51.7) 0.591
Consumption history of raw meat or dairy 13 (11.9) 6 (11.8) 7 (12.1) 0.961
Unknown 37 (33.9) 16 (31.4) 21 (36.2) 0.595

Diagnosis season (month)

Spring (3-5) 36 (33.0) 19 (37.3) 17 (29.3) 0.357
Summer (6-8) 34 (31.2) 18 (35.3) 16 (27.6)
Autumn (9-11) 22 (20.2) 7 (13.7) 15 (25.9)
Winter (12-2) 17 (15.6) 7 (13.7) 10 (17.2)

Staging
Acute 78 (71.6) 43 (84.3) 35 (60.3) 0.016
Subacute 25 (22.9) 7 (13.7) 18 (31.0)

Chronic 6 (5.5) 1 (2.0) 5(8.6)

Note: Data are expressed as number (%) of patients.

to more nonbacteremic patients presented with myalgia
(P=0.039) than bacteremic patients (Table 2). The differ-
ences in other clinical parameters between the bacteremia
and nonbacteremia were not statistically significant.
Table 2 shows the symptoms, and complications of these

patients.

Laboratory Results

Common hematological changes include anemia 71 cases
(65.1%), and leukopenia 27 cases (24.8%). There were 94
(86.2%) patients with an elevated erythrocyte sedimenta-
tion rate (ESR) and 100 (91.7%) patients with increased

C-reactive protein (CRP). The other laboratory findings
were high ALT (36.7%), high AST (40.4%), high GGT
(44.0%), high LDH (43.1%), and high PCT (25.7%). The
median levels of hemoglobin (Hb), white blood cell
(WBC) count, albumin (ALB), activated partial thrombo-
plastin time (APTT) and prothrombin time (PT) was 121.0
g/L (IQR, 108.0-128.0), 5.4 x10°/L (IQR, 3.5-7.3), 36.8
g/L (IQR, 34.5-39.9), 41.3 s (IQR, 37.1-47.1) and 13.9
s (IQR, 13-14.5), respectively (Note: the PCT value was
account for 82.6% of patients and 17.4% of patients were
lack of records; the value for APTT and PT were account
for 87.2% of patients and 12.8% of patients were missing).
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Table 2 Clinical Symptoms and Complications of Patients with Brucellosis
Variable Overall Bacteremic Group Nonbacteremic Group P value
(n=109) (n=51) (n=58)

Symptoms
Fever 97 (89.0) 49 (96.1) 48 (82.8) 0.027
Hyperhidrosis 28 (25.7) 12 (23.5) 16 (27.6) 0.629
Headache 13 (11.9 4(7.8) 9 (15.5) 0.217
Arthralgia 53 (48.6) 30 (58.8) 23 (39.7) 0.046
Back pain 15 (13.8) 5(9.8) 10 (17.2) 0.261
Myalgia 27 (24.8) 8 (15.7) 19 (32.8) 0.039
Cough 26 (23.9) 16 (31.4) 10 (17.2) 0.084
Sputum 14 (12.8) 8 (15.9) 6 (10.3) 0.406
Chills 57 (52.3) 26 (51.0) 31 (534) 0.797
Fatigue 31 (284) 13 (25.5) 18 (31.0) 0.522
Dizziness 7 (6.4) 3 (5.9 4 (6.9) 1.000
Rash 2 (1.8) 0 (0.0 2 (34) 0.497
Anorexia 28 (25.7) 18 (35.3) 10 (17.2) 0.031
Lose weight 33 (30.3) 18 (35.3) 15 (25.9) 0.285
Splenomegaly 20 (18.3) Il (21.6) 9 (15.5) 0415
Hepatomegaly I (10.1) 5(9.8) 6 (10.3) 0.925
Hepatosplenomegaly 5 (4.6) 3(59) 2 (34) 0.663
Lymphadenectasis 27 (24.8) 12 (23.5) 15 (25.9) 0.778

Complications
Pneumonia 16 (14.7) 6(11.8) 10 (17.2) 0.420
Arthrophlogosis 5 (4.6) 3 (5.9 2 (34) 0.663
Epididymo-orchitis 8(7.3) 2 (3.9) 6 (10.3) 0.279
Spondylitis 15 (13.8) 5(9.8) 10 (17.2) 0.261
Meningitis 328 2 (3.9) I (1.7) 0.596

Note: Data are expressed as number (%) of patients.

In the comparison of the laboratory results between the
bacteremic group and the nonbacteremic group, we found
that the percentage of leukopenia (31.4%) and the elevated
AST (51.0%) were higher in the bacteremic patients than the
percentage of leukopenia (19.0%) and the elevated AST
(31.0%) in the nonbacteremic patients. Furthermore, the med-
ian level of LDH (332.0 mg/L, IQR = 209.0-553.0) was also
higher in the bacteremic group. However, the ALB (36.0 mg/
L, IQR = 33.9-38.2) was lower in the bacteremic group.
Although the median level of PLT, TBIL, DBIL, and TT
was within the normal range, there is a statistically significant
difference between bacteremia and nonbacteremic patients.
All the above parameters were higher in the bacteremia group
except PLT (P values are 0.012, 0.034, 0.049, and 0.020,
respectively). A comparative dataset on laboratory findings
at admission between the two groups is shown in Table 3.

Phases of Patients with Brucellosis
In the comparison of different phases in patients, there was
no statistical significance in the demographic, clinical, and

laboratory results between the acute, subacute and chronic
phases of brucellosis. Fever, chills, arthralgia, and loss of
weight were the main symptoms at every phase. However,
fever occurs more frequently in the acute phase (94.9%) than
in the subacute phase (72.0%) while lose weight occurs
more frequently in the subacute phase (52.0%) than in the
acute phase (33.3%), both were statistical significance with
the adjusted p < 0.05. In addition, the median LDH level was
316.0 U/L (IQR,218.0-517.5) in the acute phase and it was
higher than the median level of 209.0 U/L (IQR,162.0—
276.0) in the subacute phase. Similarly, the median APTT
level was 43.5 s (IQR,38.1-48.9) in the subacute phase and
it was higher than the APTT of 33.1 s (IQR, 29.541.2) in
the chronic phase. All of the details and comprehensive
results are shown in Table 4.

Compared with nonbacteremic brucellosis, bacteremic
brucellosis was diagnosed more often during the acute
phase (Table 1). The differences of bacteremia and non-
bacteremia between acute and subacute phases were not
statistically significant. However, the CRP (P = 0.010) and
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Table 3 Laboratory Result of Brucellosis Patients
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Variable Overall Bacteremic Group Non-Bacteremic Group P value
(n=109) (n=51) (n =58)
Anemia® 71 (65.1) 35 (68.2) 36 (62.1) 0.473
Hb (g/L) 121.0 (108.0-128.0) 120.0 (108.0-125.0) 121.5 (107.8-130) 0.455
Leukopenia (<3.5%10%/L) 27 (24.8) 16 (31.4) I (19.0) 0.026
Leukocytosis (>9.5%10%/L) 13 (11.9) 5(9.8) 8 (13.8) 0.521
WBC count (x10° cells/L) 5.4 (3.5-7.3) 4.7 3.4-6.9) 5.6 (4.0-7.5) 0.278
PLT count (x10°platelets/L) 203.0 (138.5-261.5) 168.0 (131.0-234.0) 216.5 (162.0-278.0) 0.012
Elevated CRP (>10 mg/L) 100 (91.7) 49 (96.1) 51 (87.9) 0.233
CRP (mg/L) 283 (13.8-51.6) 31.9 (19.0-53.3) 26.4 (12.5-50.4) 0.199
Elevated PCT (>0.50 ng/mL) 28 (25.7) 13 (25.5) 15 (25.9) 0.965
Elevated ESR® 94 (86.2) 43 (84.3) 51 (87.9) 0.584
ESR (mm/h) 453 £ 26.0 41.0 £21.7 488 + 27.3 0.167
Elevated ALT® 40 (36.7) 20 (39.2) 20 (34.5) 0.609
ALT (U/L) 38.0 (23.0-69.5) 38.0 (27.0-77.0) 38.5 (19.0-67.8) 0.343
Elevated AST® 44 (40.4) 26 (51.0) 18 (31.0) 0.034
AST (U/L) 39.0 (23.5-58.5) 43.0 (25.0-72.0) 36.0 (19.0-55.0) 0.124
Elevated GGT® 48 (44.0) 23 (45.1) 25 (43.1) 0.620
GGT (U/L) 46.0 (22.5-97.0) 47.0 (25.0-92.0) 45.0 (21.0-102.8) 0.853
Elevated LDH (>250 U/L) 47 (43.1) 26 (51.0) 21 (36.2) 0.120
LDH (U/L) 288.0 (202.0-476.5) 332.0 (209.0-553.0) 258.5 (186.8—442.5) 0.027
TP (g/L) 66.9 + 6.5 65.8 + 6.6 67.8 + 6.4 0.100
ALB (g/L) 36.8 (34.5-39.9) 36.0 (33.9-38.2) 38.0 (35.142.2) 0.047
GLO (g/L) 30.1 (26.6-32.5) 30.3 (26.5-34.0) 29.7 (26.6-31.6) 0.255
AIG 1.3 (1.1-1.4) 1.2 (1.1-1.4) 1.3 (1.1-1.5) 0.193
TBIL (umol/L) 11.9 (8.9-16.4) 13.0 (10.1-17.3) 10.9 (8.2-14.2) 0.034
DBIL (umol/L) 4.5 3.2-6.7) 5.4 (3.3-83) 43 (3.0-5.2) 0.049
Creatinine (umol/L) 57.1 (47.3-67.2) 62.7 (46.5-72) 54.0 (48.0-64.7) 0.107
Urea (mmol/L) 43 (3.3-5.2) 43 3.2-5.1) 43 (34-5.2) 0.548
APTT (s) 41.3 (37.147.1) 43 (37.8-47.9) 40 (34.1-46.9) 0.144
PT (s) 13.9 (13-14.5) 13.9 (13.4-14.5) 13.7 (12.4-14.5) 0.320
INR 1.08 (1.01-1.14) 1.10 (1.04-1.14) 1.07 (0.99-1.14) 0.216
(Continued)
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Table 3 (Continued).

Variable Overall Bacteremic Group Non-Bacteremic Group P value

(n=109) (n=51) (n=58)

D-D (ug/mL) 1.3 (0.8-2.2) 1.4 (0.9-2.4) 1.2 (0.7-2.1) 0.138
FDP (ug/mL) 4.6 (3.3-6.7) 4.8 (3.3-7.5) 3.9 3.2-57) 0.203

FIB (g/L) 49+ 1.6 46+ 1.5 50+ 1.7 0217

TT (s) 17.1 (16.2-18.1) 17.6 (16.7-18.6) 16.8 (15.9-17.8) 0.020

Notes: Data are expressed as number (%) of patients. Percentages may not sum 100 because of rounding. *Anemia: male <130 g/L and female <115 g/L; "Elevated ESR: male
>15 mm/h and female > 20 mm/h; “Elevated ALT: male >50 U/L and female > 40 U/L; “Elevated AST: male > 40 U/L and female > 35 U/L; °Elevated GGT: male > 60 U/L and
female > 45 UJ/L. Range of normal values: Hb, male (130-175) g/L and female (115-150) g/L; WBC, (3.5-9.5)x 10%/L; PLT, (125-350)x10” g/L; CRP, (0.00-10.00) mg/L; PCT,
(0.00-0.50) ng/mL; ESR, male (0—15) mm/h and female (0-20) mm/h; ALT, male (9-50) U/L and female (7—40) U/L; AST, male (15-40) U/L and female (13-35) U/L; GGT, male
(10-60) U/L and female (7-45) U/L; LDH, (120-250) U/L; TP, (65.0-85.0)g/L; ALB, (40.0-55.0) g/L; GLO, (20.0-40.0) g/L; A/G, 1.20-2.40; TBIL, (0.0-23.0) pmol/L; DBIL,
(0.0-8.0) umol/L; Creatinine, male (57.0-97.0) pmol/L and female (41.0-73.0) pmol/L; Urea, male (3.10-8.00) mmol/L and female (2.60-7.50) mmol/L; APTT, (28-42) s; PT,
(11-16) s; INR, 0.85-1.15; D-D, (0.00-0.50) ug/mL; FDP, (0.00-5.00) pg/mL; FIB, (2.00-4.00) g/L; TT, (14-21) s.

Abbreviations: Hb, hemoglobin; WBC, white blood cell; PLT, platelet; PCT, procalcitonin; ESR, erythrocyte sedimentation rate; ALT, aspartate aminotransferase; AST,
aspartate aminotransferase; GGT, y-glutamyl transpeptidase; LDH, lactate dehydrogenase; CRP, C-reactive protein; TP, Total Protein; ALB, albumin; GLO, globulin; A/G,
albumin/globulin ratio; TBIL, total bilirubin; DBIL, direct bilirubin; D-D, D-dimer; FDP, fibrinogen degradation products; INR, international normalized ratio; APTT, activated
partial thromboplastin time; PT, prothrombin time; FIB, fibrinogen; TT, thrombin time.

LDH (P = 0.010) were found to be statistically significant
in the acute phase of bacteremia compare to the subacute
phase of bacteremia. The median levels of CRP and LDH
in the acute phase of bacteremia were 38.7 mg/L (IQR,
21.0-66.4) and 355.0 U/L (IQR, 215.0-517.0), respec-
tively. It was higher than the median levels of CRP and
LDH of 8.2 mg/L (IQR,7.1-32.0) and 209.0 U/L (IQR,
180.0-216.0), respectively, in the subacute phase of bac-
teremia. Detailed results are shown in Table 5.

Risk Factors for Brucella Bacteremia

In the multivariate logistic regression analysis, the only
factor was identified as the major risk factor associated
with bacteremic brucellosis was fever (OR = 8.391, 95%
CI = 1.210-58.170). Table 6 shows the results of multi-

variate analysis.

Treatment and Outcomes

The antibiotic treatment regimens contain three options:
levofloxacin in combination with minocycline, rifampi-
cin in combination with minocycline or levofloxacin in
combination with rifampicin. After the antibiotic treat-
ment, the temperature of some patients returned to nor-
mal very quickly within one day. Most of the patients
were discharged within 3 to 5 days after the improve-
ment of body temperature and other symptoms, and the
antibiotics were prescribed to be taken for six weeks
after discharge.

Discussion

Most of the successful programs for the control of brucel-
losis take place in developed countries, while developing
countries continue to struggle with the burden of the
disease.'® Therefore, brucellosis is still an imperative pub-
lic health problem in developing countries including
China. After the resurgence of brucellosis in China in
1995, the geographical distribution of the affected areas
gradually expanded.'® The prevalence of brucellosis has
gradually shifted from rural pasturing areas (Inner
Mongolia, Xinjiang, Tibet, Qinghai, and Ningxia) to semi-
agricultural, agricultural areas and moved toward small
towns (Shanxi, Liaoning, Hebei, Shandong, and Jilin)
and the southern provinces of China.'>** In China, bru-
cellosis is now distributed to all provinces. This may be
due to the vigorous development of the animal husbandry
industry and subsequently increased the chance of human
infection from an infected animal or animal products.?'
Before this study, the information on epidemiology, clin-
ical and laboratory results of the brucellosis, and their
treatment history is very limited. The number of reported
brucellosis cases in Anhui Province of southeast China has
been increasing yearly in the last decade. It is mainly
distributed in Luan, Hefei, Fuyang, Anqing, and Bozhou.
This study enrolled 109 brucellosis patients and within
these patients, 72 were males (66.1%) and 37 were
females (33.9%). Our data showed that the farmers and
herdsmen were at a high risk of getting the infection and it
was not too surprising due to their occupation were
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Table 5 Comparative Analysis of Demographic, Clinical, and
Laboratory Data in Acute and Subacute Phase of Bacteremic

Patients
Variable Acute Subacute P value
(n=43) (n=7)

Demographics
Age, y 45.7 £18.0 486  16.6 0.694
Male sex 32 (74.1) 5(71.4) 1.000

Clinical manifestation
Fever 41 (95.3) 7 (100.0) 1.000
Chills 22 (51.2) 4 (57.1) 1.000
Arthralgia 24 (55.8) 5(71.4) 0.684
Myalgia 7 (16.3) 0 (0.0) 0.573
Back pain 3 (7.0 1 (1.4) 0.464
Splenomegaly 9 (20.9) 2 (28.6) 0.641
Lose weight 13 (30.2) 4 (57.1) 0.210
Cough 13 (30.2) 3 (429) 0.666

Laboratory signs
Hb 1154 £18.9 122.0 + 12.2 0.380
WBC 4.7 (3.4-72) 3.5 (3.4-6.4) 0.758
PLT 187.8 +84.6 132.7 +62.8 0.107
ESR 43.7 £24.7 288 188 0.174
CRP 38.7 (21.0-66.4) 8.2 (7.1-32.0) 0.010
ALT 41.0 (21.0-49.0) 26.0 (19.0-77.0) 0.114
AST 43.0 (25.0-76.0) 40.0 (22.0-54.0) 0.371
LDH 355.0(215.0-517.0) | 209.0 (180.0-216.0) | 0.010
APTT 42.5 (37.5-47) 47.9 (40.2-56.4) 0.210
PT 13.9 (13.4-14.5) 14.6 (13.5-15.0) 0.253
DD 1.5 (1.0-2.5) 1.3 (0.4-1.7) 0.343
FDP 5.1 3.5-94) 2.7 (1.5-4.8) 0.064

Note: Data are expressed as number (%) of patients.

Table 6 The Multivariate Logistic Regression Analysis for
Bacteremic Patients

Variables | B SE Wald | OR (95% CI) P

Fever 2.127 | 0.988 | 4.637 | 8391 (1.210-58.170) | 0.031

Note: Cl, confidence interval; OR, odds ratio; SE, standard error.

suitable for disease transmission. We also found that the
disease tends to cause epidemics in spring and summer
and this may be due to active production and overpopula-
tion of domestic animals in spring. Our results were simi-
lar to many other pieces of literature reported from other
provinces or cities in China.”****

The conclusion drawn from previous studies, the posi-
tive rates of brucellosis from blood cultures had a wide-
ranged from 16% to 90%.>* This was consistent with the
current study of 46.8% positive rate and mostly were
discovered in the acute phase of brucellosis. Another
study was completed in Hulunbuir, Inner Mongolia and

they showed that the positive rate of blood culture was
14.9%," which is lower than our finding. The positive rate
of blood cultures is mainly affected by two major factors.
The first major factor is associated with the disease pro-
gression in the individual patient. Many variables can
influence disease progressions such as age, duration of
symptoms, systemic vs focal disease, first infection verse
recurrence, and any previous or current antibiotic treat-
ment. The second major factor is attributed to the method
used in blood culture. Methods affecting results including
the total volume of the blood specimen, number of cultures
obtained, frequency of monitoring, the sensitivity of the
blood culture system, incubation period, recovery of
microorganism by the periodic performance of blind sub-
cultures, and performance of terminal blind subcultures.?
Concluding from our regression analysis, we found that
patients with a history of fever were more likely to be
positive in blood culture. Human brucellosis is tradition-
ally described as a multisystemic disease with a protean
clinical manifestations.” A study indicated that fever is
a constant symptom that can be spiking accompanied by
chills, if bacteremia is present, or may be relapsing, mild,
or protracted.”® Although serological diagnosis of brucel-
losis is not perfect but it is indeed indispensable.
Clinically, the RBT was used for preliminary screening
of brucellosis in the laboratory and the SAT result was
the most common serodiagnostic assay used for diagnosis
of B. abortus, B. melitensis, and B. suis infections.?

The most common clinical manifestations of brucello-
sis in Anhui Province were fever. In contrast to a previous
study, fatigue was the most common symptom in Xinjiang
Uygur Autonomous Region.!" In our study, there were 97
patients (89.0%) with brucellosis who had a fever, and the
rate of fever was 96.1% in the bacteremic group and it has
been significantly higher than 82.8% of fever in the no-
bacteremic group. In contrast to a previous study'> which
reported a higher rate of arthritis in the nonbacteremic
patients and another study®’ reported that the arthritis
rate was no difference between the two groups. Our
study showed that arthritis was more common in the
bacteremic group. This contradictory result could be attrib-
uted to geographical differences, differences in the study
sample size, and study design. Further to this, there was no
significant difference in the ratio of hepatomegaly and
splenomegaly between bacteremic and nonbacteremic
patients, which is contradicting another study that reported
a higher prevalence of hepatomegaly and splenomegaly in
the bacteremic patients.>’
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Our liver, the largest organ of the reticuloendothelial
system, plays an important part in the defense against
Brucella infection.”® However, the liver function has
been significantly affected because of the infection of
bacteria to the hepatocytes and intracellular replication
of the bacteria in the liver.?” In this study, we observed
a portion of patients showed liver function impairment,
evidenced as increased ALT (37.7%), AST (40.4%),
GGT (44.0%), and LDH (43.1%). However, most liver
enzymes were not differentially expressed between bac-
teremic and nonbacteremic groups. We found that there
were no statistically significant differences in the level
of liver enzyme of the above parameters. The only
exception was the level of LDH, which was higher in
the bacteremic group (332.0 U/L (209.0-553.0)) than in
the nonbacteremic group (258.5 U/L (186.8—442.5)).
Although previous studies have also found CRP and
ESR levels were moderately increased in a portion of
patients with brucellosis, our study discovered dramatic
changes of elevated CRP in 100 patients (91.7%) and
ESR in 94 patients (86.2%) out of 109 patients with
brucellosis in Anhui Province. Our study reported
a larger and significantly higher portion of patients
than previous studies reported elevated CRP and ESR
ratio of 44.2% and 64.7% in Xinjiang,’® 70.7% and
55.7% in Hulunbuir,’ and 45.4% and 73.2% in
Turkey.®! Therefore, we hypothesized that monitoring
CRP and ESR levels can assist in the diagnosis of
brucellosis. Nevertheless, these two markers may not
be sufficient to distinguish bacteremic and nonbactere-
mic patients. Interestingly, our data suggested that leu-
kopenia occurred more frequently in patients with
bacteremia, indicating a level of immune cells defense
mechanism inversely correlated to circulating bacteria in
the blood.

In this study, we observed that our patients were
mainly diagnosed with the acute phase of brucellosis.
With 78 (71.6%) out of the 109 patients were in the
acute phase in Anhui and similar findings have been
described in Shandong.'® Among the acute phase patients,
43 patients were confirmed with bacteremia and 35
patients were confirmed with nonbacteremic. Typically,
the clinical manifestations of acute brucellosis patients
presented with systematic manifestation, such as intermit-
tent fever, lack of appetite, and weight loss.'" On the
contrary, subacute and chronic brucellosis patients showed
a larger variation of clinical presentation; and in general,

those symptoms are less severe than the acute cases.”?

Fever has been the most common symptom in the acute
phase than in the subacute phase (adjusted p < 0.05) in our
study, it was consistent with a previous study completed in
Xinjiang."" However, contrary to this study, lose weight
was significantly different and more frequent in the sub-
acute phase than in the acute phase in our study (adjusted
p < 0.05). Our clinical data revealed no significant differ-
ences between acute and subacute bacteremia patients.
Nevertheless, the median level of some markers was ele-
vated, we found that the median levels of CRP (38.7 mg/L,
IQR = 21.0-66.4) and LDH (355.0 U/L, IQR = 215.0-
517.0) in the acute bacteremia phase were higher than the
median levels of CRP (8.2 mg/L, IQR = 7.1-32.0) and
LDH (209.0 U/L, IQR = 180.0-216.0) in the subacute
bacteremia phase.

Fever was found to be the major risk factor for
bacteremic brucellosis in our study. It was also known
that minocycline has been recognized as the first-choice
antibiotic for the treatment of brucellosis as early as
1987.>* Whereas, a combination of antibiotics therapy
for brucellosis can lead to faster recovery, shortening of
the symptomatic interval, and reduction the overall
morbidity.** The First Affiliated Hospital of Anhui
Medical University had adopted the scheme of combi-
nation antibiotics treatment for 6 weeks for patients
diagnosed with brucellosis.

Early diagnosis and treatment of brucellosis is para-
mount for reducing the overall morbidity of brucellosis.
The current diagnosis of brucellosis was based on three
criteria: (1) Clinical manifestations, such as fever, chills,
hyperhidrosis, fatigue, arthralgia, myalgia, and weight
loss. (2) Travel history to the infected areas or exposure
to raw animal products. (3) Laboratory test results. For
those patients with fever from unknown origin, detection
of Brucella antibody or isolation of pathogen must be
carried out as soon as possible in the clinical practice for
the diagnosis of brucellosis.

There are several limitations to our study. Firstly, this
was a retrospective observational analysis based on a small
sample size so that the interpretation of our findings might
not represent in the bigger population. Secondly, we were
able to retrieve ~80% of relevant information regarding
patient’s demographics and laboratory tests. Markers with
~20% missing value including the APTT and their occupa-
tion. Interpretation of these data might be underestimated.
Finally, there was also no long-term follow-up for patients
after discharge. However, having these limitations in our
study, our study still provides important perspectives for

2750

Dove!

Infection and Drug Resistance 2021:14


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

Dove Shi et al

brucellosis in Anhui. We believed our study provides

a solid foundation for the prevention and control of bru- References
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Conclusion

The most common risk factors of Brucella infection in
Anhui Province are associated with the occupation of
patients. Farmers and herdsmen whose exposure to
infected cattle and sheep or consumption of contami-
nated animal products were most often diagnosed with
brucellosis. Fever was the most common symptom, fol-
lowed by chills, arthralgia, weight loss, and fatigue.
A larger majority of patients experienced anemia, ele-
vated CRP and ESR, and abnormal liver function in the
laboratory result. There was no statistical significance in
the demographic, clinical, and laboratory results
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cellosis. Our data suggested that patients with obvious
fever and arthralgia accompanied by elevated AST,
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diagnosis, and treatment of brucellosis in other cities
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