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Cystic echinococcosis (CE) is accepted to be the most 
important parasitic zoonosis in the Mediterranean 

countries causing serious problems to public health and 
national economy.1,2  It can maintain its fertility against 
the immune status of the body and occur without any 
symptoms for long periods.3,4 The relationship of trace 
elements and certain disease groups such as cancer, 
immune deficiencies, tuberculosis, and rheumatoid 
diseases have been well identified.5-7 However, there are 
only 3 published studies in recent years,2 demonstrating 
the relationship of trace elements with CE,8,9 and 
the other with Alveolar Echinococcosis (AE).10 The 
exact mechanism responsible for alterations in trace 
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ABSTRACT

الزنك  مصل  مستويات  تقييم  هو  الدراسة  من  الهدف  الأهداف: 
المرضى  لدى  الجراحية  العملية  وبعد  قبل  والنحاس  والمغنيسيوم 

المصابين بكيس داء المكورات المشوكة.

داء  بكيس  المصابين  المرضى  على  الدراسة  هذه  أجريت  الطريقة: 
بكلية  و2005م  2000م  عام  بين  ما  الفترة  في  المشوكة  المكورات 
مستويات  قياس  تم  بتركيا.   أدنا  بمدينة  كوكوروفا  بجامعة  الطب 
يعانون  مريضاً  وثمانين  لخمسة  والنحاس  والمغنيسيوم  الزنك  مصل 
بعام  العملية الجراحية وبعدها  قبل  المشوكة  المكورات  من كيس داء 

واحد.

وجود  من  يعانون  الذين  المرضى  الدراسة  هذه  شملت  النتائج: 
ذكراً(   48 مريضاً،   85( الكبد  في  المشوكة  المكورات  داء  كيس 
التحكم. عند  بالغ ، 17 ذكراً( كمجموعة  وبالغين سليمين )40 
المقارنة مع مجموعة التحكم، كانت متوسط مستويات مصل الزنك 
في  أعلى  النحاس  مصل  مستويات  متوسط  وكان  أقل  والمغنيسيوم 
فإن  الأعراض  فترة  تزيد  بينما  أنه  الجراحية.تبين  العملية  قبل  الفترة 
مستويات مصل الزنك والمغنيسيوم تنخفض وتزداد مستويات مصل 
قبل  الفترة  في  العناصر  هذه  مستويات مصل  مقارنة  النحاس. تمت 
مع  بالتساوي  واحد  عام  بعد  التحكم  ومجموعة  الجراحية  العملية 

مستويات مجموعة المرضى. 

خاتمة: إن احتمالية زيادة استهلاك الزنك والمغنيسيوم وإفراز النحاس 
العدارية  الجراحية  متابعة  تقييم  الى  يؤدي  قد  الطفيليات  قبل  من 

بالإضافة الى الطرق الإشعاعية والمصلية.

Objective: To evaluate the preoperative and postoperative 
values of serum levels of zinc, magnesium, and copper in 
patients with cystic echinococcosis (CE). 

Methods: This study was conducted on patients with 
CE between 2000-2005 at the Faculty of Medicine, 
University of Cukurova, Adana, Turkey. Serum levels 
of zinc, copper, and magnesium of 85 patients with 
CE were measured both before and one year after the 
operation. Patients with liver CE (85 patients, 48 males) 
and healthy adults (40 adults, 17 males) as the control 
group were enrolled in the study.

 
Results: When compared with the control group, the 
mean serum levels of zinc and magnesium were lower 
and the mean serum level of copper was higher in the 
preoperative period. It was found that as duration of 
symptoms increased, serum zinc and magnesium levels 
decreased and copper levels increased. The serum levels 
of these elements in postoperative and control patients 
after one year compared equally with the levels in the 
initial control.

Conclusion: The probability of increased consumption 
of zinc and magnesium and secretion of copper by the 
parasite may lead to evaluating the follow up of hydatid 
surgery in addition to radiological and serological 
methods. 
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element levels in patients with chronic inflammatory or 
infectious diseases is largely unclear and requires further 
evaluation.5-7,10 In many studies, it was reported that 
the cause could be the acute phase reaction due to the 
host response against inflammation.5-8 The aim of this 
study is to demonstrate the relationship between CE 
and serum levels of zinc (Zn), magnesium (Mg), and 
copper (Cu) with respect to parasite fertilization, cyst 
dimension, and duration of the diseased period, and 
consequently to assess alterations after treatment.

Methods.  Patients with liver CE (85 patients, 
48 males) treated  between  2000 and 2005 at the 
Department of General Surgery, Faculty of Medicine, 
University of Cukurova, Adana, Turkey and healthy 
adults (40 adults, 17 males) as the control group were 
enrolled  in the study.  The study protocol was reviewed 
and approved by the Faculty of Medicine Ethics 
Committee and an informed consent were obtained. 
Preoperative diagnosis was established by radiologic 
(US and CT) and serologic (Western blotting) methods. 
Anti-Echinococcosis granulosus (E. granulosus) antibodies 
were determined by Echinococcosis Western blotting, 
Euroimmun, Germany, according to the protocols 
established by the manufacturer. The monitoring 
period for all patients was 12 months. Demographic 
data, symptom duration, cyst localizations, count and 
diameters of cysts were recorded. For multiple cysts, cyst 
dimension was described as the diameters of all cysts. 
All patients were classified according to the WHO-
Informal Working Group on Echinococcosis (WHO-
IWGE) classification of cystic hydatid disease.11 Stages 
1, 2, and 3 were accepted as the more fertile group, 
stages 4 and 5 were accepted to be the degenerated 
and calcified group. Total cystectomy was performed 
in suitable cases; if not suitable, partial cystectomy and 
capitonnage methods were used. Cyst cavities were 
controlled with a laparoscopic camera for eliminating 
the bile fistula. While right lobe cavities were filled 
with omentum (omentoplasty), left lobe cavities were 
filled with falciform ligament flap. Serum Zn, Cu, 
and Mg levels were measured preoperatively and after 
12 months following the operation. To minimize the 
effect of hydration alterations of daytime on results, 
serum specimens were taken from all participants at 
exactly the same time of the day (8:00 am). All CE 
patients were administered albendazole 10 mg/kg/day 
as post-operative medical treatment for 6 months, 
in the sequence of “3 weeks with and one week 
without” medication.  No side effects were observed 
in the study group during the 6 months. Patients were 
examined by a combination of radiologic and serologic 
methods at the end of the 12th month. No patient 
was treated according to postoperative serum levels of 

trace elements and none were given a specific diet. All 
patients operated with CE were included in the study, 
however, the patients that could not be monitored and 
refused postoperative chemotherapy were excluded 
from the study.  A total of 95 cases of hydatid disease 
were operated in our department in the study period. 
Five  patients  with no informed consent were not 
included in the study.  In the postoperative first year, 
western-blotting was positive and relapse suspicion 
was detected by radiologic investigations in 3 cases. 
However, it was found out by inquiry that these 3 cases, 
due to sociocultural circumstances, had not taken the 
albendazole medication.  Considering possible drawbacks 
such as standardization impairment, these 3 cases were 
also excluded from the study. Another patient who was 
serologically and radiologically doubtful for relapse was 
recommended confirmation of diagnosis by detection 
of serum trace element levels and treatment with 
puncture, aspiration, injection, re-aspiration [PAIR] 
method. However, this patient also, when refusing both 
recommendations, was excluded from the study. The 
PAIR was performed and relapse was confirmed only 
in one suspicious case. In order to measure Cu, Zn, 
and Mg levels, serum was separated from the clotted 
blood and stored in acid-washed tubes at -20ºC until 
the analysis by atomic absorption spectrometry (AAS). 
Specimens were diluted with de-ionized water at ratios 
of 1:1, 1:5 and 1:50, for the determination of Cu, Zn, 
and Mg. Calibration standards and quality control 
specimens were prepared in the same way. Readings 
for Cu, Zn, and Mg were performed at wave lengths of 
324.8, 213.9, and 285.2 nm.12,13 

Statistical analysis was performed using the statistical 
package SPSS Version 12.0. For each continuous 
variable, normality was checked by Shapiro Wilks test. 
Comparisons of continuous variables were applied 
using the student t test and Pearson correlation test. The 
categorical variables between the groups were analyzed 
using the Chi square test. Data were expressed as mean 
± SD (min-max), number (percentage) and a p-value 
<0.05 which is considered  significant.
 
Results. The demographic data are presented in 
Table 1. The gender and age characteristics of the control 
group were similar to the CE group. Cysts were mostly 
located on the right lobe (52.9%). The postoperative 
first year recurrence rates were 5.2% for suspicious 
recurrence and 1.05% for definite diagnosis. The mean 
serum values of Cu, Zn, and Mg in the CE group and 
the control group are presented in Table 2. While the 
mean serum levels of Zn and Mg were lower, the mean 
serum level of Cu was higher in the CE group when 
compared with the control group (p<0.001). The mean 
preoperative and postoperative serum values of Cu, Zn, 
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Table 1 - Subject characteristics.

Characteristics Control group

(n=40)

CE group

(n=85)

P-value

Age* (years) 50.1 ± 10.9* 
(28-68)†

46.9 ± 8.7*
 (28-64)†

  0.08

Gender 
Male
Female

17
23

48
37

0.9

Cyst dimension cm* - 11.5 ± 6.6*   
4-27†

Count of cysts* - 20 ± 1.3*    
1-5†

Symptom duration (month)* - 23.2 ± 16.3* 
3-60†

Cyst localization (n [%])
Right hepatic lobe
Left hepatic lobe
Both 

-
45 (52.9)
11 (12.9)
29 (34.1)

*mean ± SD, †minimum-maximum

and Mg in the CE group are also presented in Table 
2. The mean preoperative serum levels of Zn and Mg 
were lower, but the mean serum Cu level was higher 
when compared with postoperative measurements 
(p<0.001). No statistical difference was observed when 
the postoperative serum levels of Cu, Zn, and Mg were 
compared with the control group. The mean serum levels 
of Cu, Zn, and Mg in CE groups according to the WHO 
classification are presented in Table 3. We found that the 
mean serum Cu level was significantly higher in stages 
1, 2, and 3 of CE, which are considered to be the most 
fertile stages, than in stages 4, and 5 of CE, in which the 
cysts are considered as de-generated and calcified. The 
mean serum Zn level was significantly lower than in the 
de-generated and calcified group when compared with 
the most fertile group (p<0.001). However, the mean 
serum Mg level was not significantly different between 

both groups. The mean value of Zn, Cu, and Mg were 
significantly different from the control groups both in 
the most fertile and de-generated and calcified groups 
(Figure 1). When cyst dimension and symptom duration 
were compared with serum Zn, Cu, and Mg levels, it 
was found that as the symptom duration increased, 
serum Zn (r=-0.32) and Mg (r=-0.33) levels decreased, 
but mean serum Cu (r=0.23) levels increased (p<0.05).

Discussion.  In this study, we found that the 
mean serum levels of Zn and Mg decreased, the mean 
serum Cu level increased in patients with CE in the 
preoperative period when compared with healthy 
adults. In addition, the serum levels of these trace 
elements in the postoperative period were similar 
when compared with healthy adults. The relationship 
between trace elements and many disease groups such 

Table 2 - The distribution of serum levels of copper (Cu),  zinc (Zn) and magnesium (Mg) in the group with pre-operative and post-operative cystic 
echinococcosis (CE) and the control group.

Elements Control group
n=40

CE group  P-value

Pre-operative 
(n=85)

Post-operative
(n=85)

Between control 
and preoperative

Between 
preoperative and 

postoperative

Between control 
and postoperative

Cu (µg/dl) 101.9 ± 1.5 136.1 ± 9.09 101.7±1.4 0.0001 0.0001 0.539

Zn (µg/dl) 83.5± 1.6 59.2 ± 9.29 83.4±1.9 0.0001 0.0001 0.517

Mg (mg/l) 20.7± 0.8 13.3 ± 1.32 20.8±1.2 0.0001 0.0001 0.512
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Table 3 - The mean serum values of copper (Cu),  zinc (Zn) and magnesium (Mg) in cystic echinococcosis (CE) group according to the World Health 
Organization (WHO) classification. 

 Groups/WHO classification Zn (µg/dl)
Mean±SD

C (µg/dl) 
Mean±SD

Mg (mg/l)
Mean±SD

Most fertile (n=61)
CE1 (n=10)
CE2 (n=30)
CE3 (n=21)

57.36 ± 6.48
63.51 ± 2.97
50.85 ± 3.61
57.99 ± 5.96

    139.8 ± 2.66
  137.55 ± 5.66
  142.74 ± 5.69
139.11 ± 3.8

 12.91± 0.61
13.56 ± 0.92
12.33 ± 0.85
12.85 ± 0.61

De-generated and calcified (n=24) 
CE4 (n=17)
CE5 (n=7)

62.26 ± 3.81
78.24 ± 7.92
71.57 ± 6.5*

    126.7 ± 5.09
  120.05 ± 5.35
  123.46 ± 3.3*

14.85 ± 0.86
15.07 ± 0.67

  14.95 ± 0.11*

*p<0.0001 between most fertile and de-generated and calcified group

Figure 1 - The distribution of serum levels of a) copper (Cu), b) 
zinc (Zn) and c) Magnesium  (Mg) in the group with 
most fertile (MF) and degenerated and calcified (DC) 
CE groups and the control group (p<0.001). 

a b

c
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as cancer, immune deficiencies, tuberculosis, chronic 
hemodialysis patients, and rheumatoid diseases have 
been identified in the literature.5-7 However, there 
are only 2 published studies in recent years, which 
demonstrate the relationship between trace elements 
and CE,8,9 and one study with AE.10 Ozen et al,8 in a 
study which included 12 patients and 12 sheep with 
CE found a decrease of selenium and Zn levels and an 
increase of Cu levels. Chowdhury and Singh9 reported 
the relationship between trace elements and diameter 
and wall thickness of cysts in buffalo. Wellinghausen 
et al10 found that Zn level was lower in the group that 
includes 40 patients with AE when compared with the 
control group. The symptom duration and fertility 
were correlated with the levels of trace elements in this 
study. Because of the difficulty in defining the life span 
of the disease, the symptom duration was accepted 
to be the life span. It was found that with symptom 
duration, Zn and Mg levels decreased and Cu level 
increased. However, no study has been published 
that identifies the correlation between trace elements 
and the life span of disease. Chowdhury and Singh9 
reported the relationship between trace elements in the 
cyst fluid and diameter of cysts in buffalo. However, no 
significant relationship was found between serum trace 
elements and cyst dimension in this study.  When the 
level of trace elements was analyzed in accordance with 
the classification defined by the WHO study group, 
a correlation was found between the level of trace 
elements and the natural course of the hydatid cyst.11 
According to the present study, serum Cu levels were 
significantly higher at stages 1, 2, 3 of CE (the most 
fertile stages) and the Zn levels were significantly lower 
at the stages 4, 5 (the de-generated and calcified stages) 
of the disease. However, the serum Mg level was not 
significantly different between both stage groups. Ozen 
et al8 found that cyst fluid in sheep has a more significant 
relationship with serum trace elements than it has in 
humans. This might be caused by cysts being more fertile 
in sheep, which suggests a possible relationship of fertile 
capacity with trace element levels. Wellinghausen et al10 
reported a negative correlation between progressive 
disease and serum zinc levels in patients with AE. The 
exact mechanism responsible for alterations in trace 
element levels in patients with chronic inflammatory or 
infectious diseases is largely unclear and requires further 
evaluation.5-7,10 In many studies, it was reported that 
the cause could be the acute phase reaction due to host 
response against inflammation.5-8  Wellinghausen et al10 
suggested that the explanation of the decrease in the Zn 
level of patients with AE could be due to the increased 
consumption of zinc by the growing parasite. As there is 
a correlation with symptom duration and fertility in our 
study, we think that these findings probably resulted from 

consumption of Zn and Mg and secretion of Cu into the 
circulation by the parasite. The follow-up of HD surgery 
is an important issue, due to relapse or residue problems 
after hydatid disease surgery.14-16 Especially in the first 
postoperative year, cyst like structures are usually seen 
in the surgical evacuation site, but differential diagnosis 
of these structures (whether as persistent changes or as 
newly formed parasites) is always difficult.15-18 Results 
of serologic tests remain positive long after operation, 
and only demonstration of the scolices in the remaining 
cavity ensures definitive diagnosis.18,19 Therefore, 
radiological methods (ultrasonography and computer 
tomography) and serologic tests are insufficient for 
follow-up of hydatid disease in the first postoperative 
year.14,19,20 In our study, it was established that the serum 
trace element levels in treated patients were normal in 
the postoperative first year. With these results, we suggest 
that trace element levels, in addition to radiologic and 
serologic methods, can be useful for follow up in the 
postoperative course. 

In conclusion, the decrease of Zn and Mg levels and 
the increase of Cu levels were established in the serum 
of patients with CE. A statistically significant relation 
was found between these alterations and symptom 
duration. While direct correlation between Zn levels and 
negative correlation between Cu levels and fertility were 
detected, no association was established between Mg 
levels and fertility. These findings imply the probability 
of increased consumption of Zn and Mg and secretion 
of copper by the parasite in addition to acute phase 
reaction for etiopathogenesis. Trace elements return to 
their normal level in the 12th month after operation. 
Therefore, the analysis of trace element levels could be 
valuable for the follow up of hydatid surgery in addition 
to radiological and serological methods. 
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