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A b s t r a c t

Introduction: Hepatitis D virus (HDV) infection is a serious health problem 
leading to cirrhosis and hepatocellular carcinoma (HCC). Despite evidence 
that zoonotic infections are associated with end-stage liver disease, brucel-
losis in patients with delta hepatitis related to liver disease has not been 
well characterized. So, we examined this relationship using recent hospi-
tal-based data.
Material and methods: We analyzed data from 96 delta hepatitis patients 
(mean age: 52.5 ±12.8 years; 50 male; 52 cirrhotics) and 117 (mean age: 
50.4 ±7 years; 60 male) control subjects who were selected from patients 
with splenomegaly. The Brucella Wright test in connection with blood cul-
ture was used to detect active Brucella infection. Demographic features, lab-
oratory data, results of ultrasonographic examination of the abdomen and 
Wright agglutination titers were compared between groups.
Results: There were 9 (9%) patients with active brucellosis in delta hepatitis 
patients. Compared to the control group, there was a  statistically signifi-
cant difference between groups in terms of having active brucellosis (9 vs. 
2 patients; p < 0.001). Higher MELD scores were also associated with active 
Brucella infection (p < 0.005).
Conclusions: Patients with chronic hepatitis D related cirrhosis (CHD-C) were 
at risk of developing brucellosis requiring hospitalization. Higher Wright ti-
ters among patients with more advanced liver disease may reflect a unique 
phenomenon that requires further investigation to determine underlying 
causative factors.
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Introduction

Hepatitis D virus (HDV) is a small, defective hepatotrophic RNA virus 
which requires the help of hepatitis B virus (HBV) for its replication. It has 
been shown that chronic HBV and HDV co-infection causes more severe 
liver damage than in the case of chronic HBV infection alone [1]. Hepati-
tis D virus is endemic in the Mediterranean basin, e.g. Turkey and Egypt 
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[2, 3]. Delta hepatitis affects approximately 20% of 
individuals with HBV infection in the eastern part 
of Turkey, ultimately leading to fibrosis, cirrhosis 
and hepatocellular carcinoma HCC [4].

Human brucellosis is a  zoonosis caused by 
facultative, non-motile, intracellular Gram-nega-
tive bacteria of the genus Brucella. Brucellosis is 
also an emerging zoonotic infection in developing 
countries and carries significant morbidity and 
mortality [5].

Distribution of emerging zoonoses has 
changed in the world over the past century be-
cause of improvements of sanitation and pas-
teurization techniques, coupled with economic 
advances [6]. Although infection rates have been 
declining in the western world, less is known 
about brucellosis prevalence and risk factors 
among patients with chronic hepatitis D related 
cirrhosis (CHD-C). Human brucellosis is also an 
endemic disease in the middle east as well as in 
Turkey [7]. The lack of original studies to eluci-
date the connection between HDV and brucello-
sis has been a major obstacle in understanding 
the pathophysiological mechanisms between 
these diseases. It is a well known fact that liver 
cirrhosis has a  high risk of bacterial infections 
[8]. For the identification of effects of brucello-
sis on CHD-C we examined the clinical and lab-
oratory features of the patients. The objectives 
of this study were to examine the connection 
between human brucellosis and CHD-C. Anoth-
er aim of this study was to investigate serum 
Wright agglutination titers in different Model for 
End-Stage Liver Disease (MELD) scores of the pa-
tients with CHD-C.

Material and methods

We analyzed data from adult delta hepatitis pa-
tients who were admitted to our gastroenterology 
clinic from June 2013 to June 2014. Baseline char-
acteristics of the patients are shown in Table I.  
There were 96 patients (mean age: 52.5 ±12.8 
years; 50 male) with HDV, of whom 52 (54%) had 
biopsy-proven cirrhosis. Exclusion criteria includ-
ed prior liver transplantation, presence of hepato-
cellular carcinoma, and chronic renal insufficiency 
(creatinine level > 2.0 mg per deciliter). The con-
trol group (117 subjects; mean age: 50.4 ±7 years;  
60 male) was selected from subjects who were eval-
uated because of splenomegaly. Data extraction 
was performed retrospectively. Demographics, 
laboratory data, results of ultrasonographic exam-
ination of the liver and Wright agglutination titers 
were compared between groups. MELD scores of 
the cirrhotic patients were assessed by www.may-
oclinic.org/.../meld-model-unos-mod. and were 
compared according to Brucella status. Character-
istic features of delta hepatitis patients according 
to presence of brucellosis are shown in Table II. All 
patients with delta hepatitis underwent conven-
tional liver ultrasonography. All patients or their 
legally authorized representatives provided writ-
ten informed consent.

Serologic studies

Results of the samples that have HBsAg reactive 
anti-HDV antibodies micro-ELISA (Enzyme-Linked 
Immuno Sorbent Assay) (Triturus ELISA) with Dia. 
Pro Diagnostic Bioprobes anti-HDV IgG, Italy) kits 
were determined. The Wright agglutination test 

Table I. Baseline characteristics of patients

Variable Non-cirrhotic delta hepatitis patients  
(n = 44)

Cirrhotic delta hepatitis patients 
(n = 52)

Mean Standard deviation Mean Standard deviation

Age [years] 51.7 12.6 53.2 30

Wright agglutination 
titer

30 115.7 97.6 43

WBC [103/µl] 7329 3808 6869 1920

Hb [g/dl] 14.7 1.54 14.5 6.3

Plt [µl] 200.045 76897 122076 59334

AST [U/l] 51 43.6 72 62.6

ALT [U/l] 60 56.7 70 68.7

Albumin [g/dl] 3.94 0.51 3.75 0.73

Globulin [g/dl] 3.53 0.64 3.70 3.25

MELD score 9.46

WBC – white blood cells, Hb – hemoglobin, Plt – platelets, AST – aspartate aminotransferase, ALT – alanine aminotransferase, MELD – 
Model For End-Stage Liver Disease.

http://www.mayoclinic.org/.../meld-model-unos-mod
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was performed with U-shaped microtiter plates 
instead of tubes. Eight wells were used for each 
sample. The first well of 0.9 ml was placed in sa-
line diluent, while others were placed in 0.5 ml of 
saline. Firstly 0.1 ml of the sample was added to 
the first well to complete 1 ml; later 0.5 ml of this 
mixture was added to the second well and 0.5 ml 
of the second mixture was added to the third well 
and this process was continued to the tenth well. 
Then these dilutions were doubled by adding 50 µl 
of standardized Brucella abortus (Spinreact, Spain) 
diluted in normal saline. Wright agglutination test 
reaction was performed after 24-h incubation at 
37°C. Values of 1/160 and above were considered 
negative. 1/40 and 1/80 as a result of the Brucella-
capt agglutination is considered as a questionable 
negative test. Brucellacapt agglutination is similar 
to that obtained with the Coombs test, determin-
ing antibodies of all classes specific to Brucella. 
The Brucellacapt test (Vircell SL) was performed 
according to the manufacturer’s instructions. 
Briefly, 50 µl samples of serum dilutions were add-
ed to wells of a U-bottom microtiter plate coated 
with anti-total human immunoglobulin. Then 50 µl  
of an antigen suspension (colored B. melitensis 
bacteria killed by formaldehyde treatment) was 
added to all the wells. The plates were sealed with 
adhesive tape and incubated at 37°C for 24 h in 
a  dark humid chamber. Positive reactions show 
agglutination over the bottom of the well. Nega-
tive reactions are indicated by a pellet at the cen-
ter of the bottom of the well [9]. A Wright serum 
agglutination test at a titer equal to or higher than 
1 : 160 and a positive blood culture test in connec-
tion with a compatible clinical picture were con-
sidered as acute Brucella infection. 

Past infection of brucellosis was defined as 
a  Wright agglutination titer lower than 1/80, 

a negative blood culture for brucellosis and lack of 
acute brucellosis-related symptoms including noc-
turnal fever, splenomegaly and leucopenia. 

Statistical analysis

The data obtained from the hospital records 
were entered into SAS (SAS Institute, Release 
9.4, 2014, Cary, NC) software for data analyses. 
Descriptive statistics of data were expressed 
with average ± standard deviation, median and 
as a  percentage using PROC MEANS and PROC 
FREQ in SAS. Pearson’s c2, likelihood chi square 
and Fisher’s exact test were used for the indepen-
dence test between qualitative variables. PROC 
TTEST for Student’s t test was used to evaluate 
the differences between means of cirrhotic and 
non-cirrhotic patients for normally distributed de-
pendent variables. Mann-Whitney U test by using 
PROC NPAR1WAY was performed to compare the 
differences between the median of cirrhotic and 
non-cirrhotic patients for non-normally distribut-
ed dependent variables. Differences were consid-
ered significant at p < 0.05 level.

Results

There were no statistically significant differenc-
es between delta hepatitis patients and control 
subjects in age, gender or residential area profile. 
In 117 subjects of the control group, there were 
only 2 (1.7%) patients with active brucellosis. On 
the other hand, 6 (5.1%) patients had evidence 
of past Brucella infection in the control group. 
In 52 patients with CHD-C, there were 7 (13%) 
confirmed active brucellosis cases and 3 (5.5%) 
cases of past infection. Among 44 non-cirrhot-
ic delta hepatitis patients, 2 (4.5%) patients had 
active brucellosis and 2 (4.5%) had evidence of 

Table II. Characteristic features of delta hepatitis patients according to presence of brucellosis

Variable Delta hepatitis without brucellosis Delta hepatitis with brucellosis P-value

Mean St. dev. Min. Max. Mean St. dev. Min. Max.

Age [years] 51.2 12.1 20 80 60 15.5 27 78 0.027

WBC [103/µl] 7241 4337 2600 25200 6207 2131 4000 11800 0.638

Hb [g/dl] 14.7 1.6 9.2 17.6 14.9 2.3 10.3 17.4 0.313

Plt [µl] 162560 80545 51000 356000 132307 72198 38000 265000 0.207

AST [U/l] 55 38 14 210 109 100 18 387 0.027

ALT [U/l] 60 48 7 336 103 103 15 402 0.123

Albumin [g/dl] 3.9 0.63 2.4 5.0 3.6 0.62 2.8 4.7 0.090

Globulin [g/dl] 3.6 0.74 1.8 5.3 3.9 1.0 2.0 5.2 0.361

MELD score 8.4 2.9 6.0 18.0 9.8 3.4 6.0 16.0 0.122

WBC – white blood cells, Hb – hemoglobin, Plt – platelets, AST – aspartate aminotransferase, ALT – alanine aminotransferase, MELD – 
Model For End-Stage Liver Disease.
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past infection. There was a significant difference 
between the control group and delta hepati-
tis-related cirrhosis in terms of active brucellosis  
(2 vs. 7 patients; p < 0.005). In the cirrhotic group, 
mean titer of the Wright agglutination test was  
98 ±43 and the mean MELD score was 9.5 ±3.2. The 
mean titer of the Wright agglutination test among 
non-cirrhotic patients with delta hepatitis was  
30 ±115. There was a  significant difference be-
tween groups in terms of the mean titers of the 
Wright agglutination test (p < 0.005). Further-
more, higher MELD scores were significantly as-
sociated with active brucellosis in cirrhotic delta 
hepatitis patients (p < 0.005). 

Additionally, in cirrhotic delta hepatitis pa-
tients, there was a  positive correlation between 
MELD scores and Brucella Wright test titers (p < 
0.005). In cirrhotic patients, older age, higher as-
partate aminotransferase (AST) levels and low lev-
els of albumin were significantly associated with 
active brucellosis compared to cirrhotic patients 
who had no active brucellosis (60 ±15.5 vs. 51.2 
±12 ; 109.9 ±100 vs. 55 ±38; 3.6 ±0.64 vs. 4 ±0.5;  
p = 0.027; p = 0.026 and p = 0.041 retrospectively). 
Other laboratory parameters among patients with 
liver cirrhosis were not statistically significant in 
terms of active brucellosis (all p > 0.05). Brucella 
status among study subjects is shown in Figure 1.

Discussion

In this study, we demonstrated that the rate of 
active brucellosis was extraordinarily high among 
CHD-related cirrhosis. Delta hepatitis is a progres-
sive liver disease caused by a defective HDV, which 
is a prevalent problem within the Mediterranean 
basin and middle east [2, 3, 10]. Furthermore, del-
ta hepatitis treatment has not been established 
over the last decade, and both classical and pe-

gylated interferons are treatment options for 
HDV infection. Patients with delta hepatitis can 
be treated with an interferon alpha based thera-
py if decompensated cirrhosis has been excluded 
[11]. Hepatitis D virus prevalence in the general 
Turkish population is 1.6%, but data in Turkey are 
limited. However, in Turkey, there are few nation-
ally representative data on the contribution of 
HDV infection to cirrhosis. On the other hand, the 
eastern part of the country is still home to one 
of the world’s largest delta hepatitis populations. 
It is currently estimated that 20% of hepatitis B 
patients in the eastern part of Turkey are compli-
cated by HDV infection, corresponding to approxi-
mately 400 000 patients [12]. 

Brucellosis is a  zoonotic infectious disease. It 
is caused by a  small, non-motile, Gram-negative 
coccobacillus of the genus Brucella (B. melitensis, 
B. abortus, B. suis, and B. canis) and usually pres-
ents as recurrent fevers, fatigue and splenomegaly 
[13]. Major risk factors for human brucellosis in-
clude consumption of non-pasteurized milk prod-
ucts and close contact with infected animals. The 
diagnosis can be made by isolation of the organ-
ism from a blood culture and established by sero-
logic testing using ELISA in connection with clin-
ical findings as well as a history of consumption 
of raw milk products in an endemic area. Mediter-
ranean countries including Turkey are high preva-
lence areas for human brucellosis [5]. The major-
ity of Turkish cases have been reported from the 
eastern part of the country where consumption of 
traditionally produced unpasteurized milk-based 
cheese is common [14]. The Brucella Wright ag-
glutination test is a simple method to screen Bru-
cella infection. Despite its emerging importance, it 
is cumbersome, produces variable yields and has 
limited utility as a  practical laboratory method 
[15]. We therefore used blood cultures for diag-
nosia of acute brucellosis. In our study, there were 
17 patients with positive blood culture for Brucel-
la. Cirrhotic patients are predisposed to bacterial 
infections that cause morbidity and mortality. One 
of the most important key concerns in cirrhotic 
patients is bacterial infections. While diminished 
hepatic function is clearly implicated in bacterial 
infections, its precise mechanisms remain unclear. 
Only Child-Pugh stage C is determined as the 
most important factor to have bacterial infections 
[16, 17]. It has also been reported that patients 
with advanced liver disease should be monitored 
closely for infections [18]. Nowadays, there is lit-
tle information in the English literature regarding 
the impact of brucellosis in patients with cirrhosis 
due to HDV infection. Furthermore, there are no 
published data on the rate of Brucella infection 
in this unique patient population [18–20]. In the 
current study, active brucellosis rates were high 
among CHD-C patients overall (13%), especially in 

 Active infection Past infection
         Control (n = 117)        DHR-C (n = 52)        DH (n = 44)
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Figure 1. Brucella status among study subjects

DHR-C – delta hepatitis related cirrhosis, DH – delta 
hepatitis.
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comparison to healthy subjects, but even higher 
for those with higher MELD scores. Furthermore, 
we found that patients with advanced stages of 
cirrhosis also have significantly elevated levels of 
Brucella Wright test titers. These data show that 
impaired immunity in advanced stages of cirrho-
sis may contribute to this unique phenomenon. It 
is expected that the new era of immunology will 
provide much needed tools in this regard. 

In terms of active brucellosis, our study showed 
that there were no differences between non-cir-
rhotic patients and the control group, while signifi-
cant differences existed in the cirrhotic group. Since 
the control group was selected from subjects eval-
uated for splenomegaly of unknown origin (other 
than brucellosis), this condition could be associat-
ed with higher risks for infection. However, a high-
er rate of active brucellosis was detected in pa-
tients with cirrhosis compared to the control group 
selected with splenomegaly. The high prevalence 
of brucellosis in delta cirrhosis was also probably 
reflective of the higher prevalence of brucellosis in 
their residential areas. Brucellosis is an important 
health problem especially in endemic areas includ-
ing the middle east [21–24]. In the current study, 
higher rates of brucellosis were attributed to poor 
hygienic conditions and health system barriers in 
the eastern part of the country. These poor hygien-
ic conditions including lack of pasteurization are 
compounded in medically underserved communi-
ties with high rates of HDV infection. 

It is a  well-known fact that acute brucellosis 
may cause elevated levels of liver enzymes, mostly 
due to reticuloendothelial system involvement of 
the liver. On the other hand, elevated levels of AST 
and hypoalbuminemia are mostly detected in pa-
tients with cirrhosis at an advanced stage. In our 
study, cirrhotic patients who also had active bru-
cellosis had higher levels of AST and higher age 
compared to Brucella-free counterparts. Brucella 
infection in cirrhotic patients may cause these 
findings due to more pronounced tissue damage, 
particularly in elderly patients. 

There were several limitations of this study. 
First, the numbers of patients in the study and 
control groups were relatively low. Second, the 
data do not reflect data from all regions. Third, we 
did not examine the way of contact with Brucella 
infection due to study design. We postulated that 
it may have developed through consumption of 
unpasteurized Turkish herbal cheese. Lastly, due 
to the retrospective design of the study, we did 
not perform the treatment outcomes according to 
Brucella disease activity. It would be useful to un-
derstand the impact of Brucella infection on the 
HDV infected population in terms of symptoms, 
clinical meaning and outcome, and to determine 
whether treatment for brucellosis can change 
their outcome. 

In sum, patients with CHD-C from endemic ar-
eas of the world are at higher risk of Brucella in-
fection, and high clinical suspicion is needed for 
diagnosis of acute brucellosis.

In conclusion, brucellosis incidence is extraordi-
narily high among delta hepatitis related cirrhosis, 
especially in patients with higher MELD scores. 
Targeted preventive efforts may decrease the rate 
of Brucella infection, and Wright testing in high-
risk populations can identify individuals in the 
earliest stages of infection.
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