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Alterations of Serum Copper and
Zinc Levels, and Copper/Zinc Ratios Among

Patients with Brucellosis

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: To de ter mi ne the al te ra ti ons of se rum cop per (Cu) and zinc (Zn) le vels and
Cu/Zn ra ti o in pa ti ents with bru cel lo sis. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: A to tal of 170 in di vi du als we re in-
c lu ded in the study. Of the se, 45 (26.5%) cur rently had acu te or sub-acu te bru cel lo sis, 35 (20.6%)
we re pre vi o usly di ag no sed with acu te or sub-acu te bru cel lo sis and suc cess fully tre a ted, and 90
(52.9%) we re he althy vo lun te ers. Af ter fas ting over night for 10 ho urs, 5 ml of ve no us blo od was ta -
ken.from all sub jects. Se rum Cu and Zn le vels we re me a su red using a Uni cam 929 Ato mic Ab sorp -
ti on Spec trop ho to me ter. SPSS 16.0 was used for da ta analy sis. RRee  ssuullttss:: Me an se rum Cu le vels of 45
pa ti ents with acu te or sub-acu te bru cel lo sis, 35 pa ti ents pre vi o usly di ag no sed with acu te or sub-acu -
te bru cel lo sis and 90 he althy vo lun te ers we re 88.6±26, 58.7±13 and 56.7±16 µg/dL, res pec ti vely.
Me an se rum Zn le vels of 45 pa ti ents with acu te or sub-acu te bru cel lo sis, 35 pa ti ents pre vi o usly di-
ag no sed with and tre a ted suc cess fully for acu te or sub-acu te bru cel lo sis and 90 he althy vo lun te ers
we re 38.3±12, 58.5±14, and 55.8±13 µg/dL, res pec ti vely. Se rum Cu le vels (p<0.001) and Cu/Zn ra-
ti os (p<0.001) we re sta tis ti cally sig ni fi cantly hig her whi le se rum Zn le vels (p<0.001) we re lo wer in
pa ti ents with acu te or sub-acu te bru cel lo sis when com pa red to the in di vi du als who pre vi o usly di-
ag no sed with acu te or sub-acu te bru cel lo sis and the he althy vo lun te ers. CCoonncc  lluu  ssii  oonn:: This study re-
ve a led sig ni fi cant al te ra ti ons of se rum Cu and Zn le vels, and Cu/Zn ra ti os in pa ti ents with acu te or
sub-acu te bru cel lo sis. Se rum Cu, Zn, and Cu/Zn ra ti os may be ava i lab le bi o mar kers in the co ur se
of acu te or sub-acu te bru cel lo sis.

KKeeyy  WWoorrddss::  Bru cel lo sis; cop per; zinc; tra ce ele ments; se rum; bi o lo gi cal mar kers 

ÖÖZZEETT  AAmmaaçç:: Bru sel loz lu has ta lar da se rum ba kır (Cu) ve çin ko (Zn) dü zey le rin de ve ba kır/çin ko
oran la rın da ki de ği şik lik le ri sap ta mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr: Ça lış ma ya top lam 170 bi rey alın dı.
Bun la rın 45’i (26,5%) akut ve ya sub-akut bru sel loz has ta sı, 35’i (20,6%) da ha ön ce akut ve ya sub-
akut bru sel loz ta nı sı al dık tan son ra ba şa rı lı bir şekil de te da vi edil miş has ta lar ve 90’ı (52,9%) sağ -
lık lı gö nül lü ler idi. Tüm de nek ler den 10 sa at lik ge ce aç lı ğı nı ta ki ben 5 ml ve nöz kan alın dı. Se rum
Cu ve Zn dü zey le ri Uni cam 929 Ato mik Ab sorb si yon Spek tro fo to met re si ile öl çül dü. Ve ri le rin in-
ce len me sin de SPSS 16.0 kul la nıl dı. BBuull  gguu  llaarr:: Akut ve ya sub-akut bru sel loz lu 45 has ta nın, da ha ön -
ce akut ve ya sub-akut bru sel lo za ya ka la nan 35 has ta nın ve 90 sağ lık lı gö nül lü nün or ta la ma se rum
Cu dü zey le ri sı ra sıy la 88,6±26, 58,7±13 ve 56,7±16 µg/dL idi. Akut ve ya sub-akut bru sel loz lu 45
has ta nın, da ha ön ce akut ve ya sub-akut bru sel lo za ya ka la nan 35 has ta nın ve 90 sağ lık lı gö nül lü nün
or ta la ma se rum Zn dü zey le ri sı ra sıy la 38,3±12, 58,5±14, ve 55,8±13 µg/dL idi. Da ha ön ce akut ve -
ya sub-akut bru sel lo za ya ka la nan lar la ve sağ lık lı gö nül lü ler le kar şı laş tı rıl dı ğın da ha len akut ve ya
sub-akut bru sel lo zu olan has ta la rın se rum Cu dü zey le rin de ve Cu/Zn oran la rın da is ta tis tik sel ola-
rak an lam lı yük sek lik (p<0,001) ve se rum Zn dü zey le rin de an lam lı azal ma var dı (p<0,001). SSoo  nnuuçç::
Bu ça lış ma, akut ve ya sub-akut bru sel loz lu has ta lar da se rum Cu ve Zn dü zey le rin de ve Cu/Zn oran-
la rın da önem li de ği şim le ri or ta ya koy muş tur. Se rum Cu, Zn ve Cu/Zn oran la rı akut ve ya sub-akut
bru sel lo zun sey rin de kul la nı la bi le cek bi yo lo jik be lir teç ler ola bi lir.
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erum trace elements, especially Cu and Zn,
are critically important in the human body
and Cu and Zn serum levels change over the

course of various diseases, including malignancy,
diabetes, hypertension, gastric ulcer, psychoses,
cirrhosis and infectious diseases.1-9 In the human
body, these elements are an important components
of many metalloenzymes. Acute phase reactants,
infections and/or inflammation lead to elevated
serum Cu levels and decreased serum Zn levels via
cytokines, especially interleukin-1.4,8,10 Increased
levels of serum Cu are attributed to inflammation-
related diseases and decreased levels of serum Zn
suppresses the invasion of microorganisms.11 These
alterations in the levels of serum Cu and serum Zn
have been reported to take place at the incubation
period of microorganisms.4,5 The alterations in
these trace elements result from the non-specific
immune defense mechanisms in the human body.1-

7 An increased serum Cu/Zn ratio has been re-
ported to be used as an indicator for infectious
diseases before development of clinical disease.4,5,12

Different studies have investigated the diagnostic
value or metabolic alterations of Cu and Zn, par-
ticularly in infectious diseases.1,2,4,5,11,13,14

Brucellosis is a zoonotic infectious disease that
is endemic in the Southeastern region of Turkey.
The morbidity of disease is rather high, while its
mortality is very low. In endemic areas, it is some-
times difficult to diagnose brucellosis because of its
wide-ranged clinical manifestations. In addition,
there are no reliable laboratory tests to evaluate the
course of the disease. Clinically, the disease is clas-
sified as acute, sub-acute, and chronic forms. This
is especially true for patients with the chronic form
who may have not shown any specific signs of in-
fection.15-17 If these patients do not receive an ac-
curate diagnosis and treatment, severe morbidity
may develop.15,17 Therefore, the efforts to identify
the laboratory tests that successfully diagnose and
evaluate the course of the disease have become im-
portant.

The objective of this study was to determine
the alterations of serum Cu and Zn levels and
Cu/Zn ratio in patients with brucellosis.

MATERIAL AND METHODS

SETTING

This case-control study was performed between
January 2008 and December 2009 at Dicle Uni-
versity Hospital, an 1150-bed tertiary referral cen-
ter, and at Elazig Teaching Hospital, a 650-bed
secondary referral center. Patients with brucel-
losis, patients who had previously been diagnosed
with with brucellosis, and healthy volunteers,
above 18-years of age, were included in the study.
Individuals with acute or chronic diseases, apart
from brucellosis, and nutritional disorders were
not included in the study. This study was ap-
proved by Local Ethic Committee of Dicle Uni-
versity Medical Faculty. The study protocol
conforms to the ethical guidelines of the 2008
declaration of Helsinki.  

DEFINITION OF CASES AND CONTROLS

The diagnosis of patients with acute or sub-acute
brucellosis, who have less than 12-month-history
of the disease, was made based on clinical findings,
including weakness, fatigue, undulant fever, night
perspiration, and muscle-joint pain as well as lab-
oratory findings including elevated erythrocyte
sedimentation rate (ESR) and serum C-reactive
protein (CRP). Furthermore, a rose bengal test and
a Wright agglutination test were obtained. Patients
with no prominent clinical and laboratory findings
as mentioned above, but with a positive rose ben-
gal test, a Wright test with a titer greater than
1/160 and positive for more than 12-month-
history of the disease were diagnosed with chronic
brucellosis.15-17 All patients received antibiotics
after serum samples were taken to test for brucel-
losis at least for six weeks. 

This study included two control groups. The
first control group (C-I) included 35 subjects who
were previously diagnosed with acute or sub-acute
brucellosis between January 2005 and December
2007. These patients had been successfully treated
at least for six weeks. None of the 35 cases showed
any clinical or significant laboratory signs of bru-
cellosis. The second control group (C-II) included
90 healthy volunteers. 
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MEASUREMENT OF SERUM CU AND SERUM ZN LEVELS

After the required information and approval were
obtained and 170 subjects had fasted overnight for
10 hours, a total of 5 mL of venous blood was taken
from the median cubital vein. The blood samples
were immediately decomposed by centrifuging the
samples at 5200 turns for 5 minutes at room tem-
perature. Serum samples were stored in deep freeze
at -80oC. When working with the samples, all
serum samples were dissolved and diluted with
deionized water at the room temperature. Cu and
Zn levels were measured in all serum samples using
a Unicam 929 Atomic Absorption Spectropho-
tometer.

STATISTICAL ANALYSIS

All the data collected from the study cases and both
control groups were analyzed using SPSS 17.0 sta-
tistical software (Windows Version). Kolmogorov-
Smirnov test was used to test the distribution of
data in each group. One-way ANOVA test was
used to compare the data between patients with
brucellosis and both control groups. p values
smaller than 0.05, were accepted as significant.
Bonferroni test was used for homogeneous data and
the Tamhane test for heterogeneous data. Statisti-
cal power for One-way ANOVA test has been cal-
culated as 80-89%.

RESULTS

The demographic characteristics and some bio-
chemical parameters of patients with acute or sub-
acute brucellosis and both controls groups are
shown in Table 1. No statistically significant dif-
ferences were found between the patients with
acute or sub-acute brucellosis and both controls
groups in terms of gender (p=1) and age (p=0.8).
The rose bengal test was positive in patients with

acute or sub-acute brucellosis, and their Wright ag-
glutination test showed a titer greater than 1/160.
All laboratory parameters of the C-I and C-II
groups were in normal ranges. In five individuals
from C-I group, rose bengal test was positive and
Wright test had a titer smaller than 1/80, which
were considered as normal. Serum Cu and serum
Zn levels, Cu/Zn ratios, and the statistical results of
patients with acute or sub-acute brucellosis, and in-
dividuals in the C-I and C-II groups are shown in
Table 2. Serum Cu levels were statistically signifi-
cantly higher and serum Zn levels were statistically
significantly lower in patients with acute or sub-
acute brucellosis when compared with both con-
trol groups. Additionally, Cu/Zn ratios were
statistically significantly higher in patients with
acute or sub-acute brucellosis when compared to
Cu/Zn ratios of both control groups. No statistically
significant differences were found between C-I and
C-II groups in terms of serum Cu levels (p=0.8),
serum Zn levels (p=0.8), and Cu/Zn ratios (p=1).
Cu/Zn ratios of patients with acute or sub-acute
brucellosis and Cu/Zn ratios of individuals in C-I
and C-II groups are shown in the Figure 1. As the
Figure shows, serum Cu/Zn ratios were as high as
2.0 in patients with acute or sub-acute brucellosis.
Cu/Zn ratios between the patients with acute or
sub-acute brucellosis and individuals in both con-
trol groups did not intersect (Figure 1). Conversely,
Cu/Zn ratios of individuals in C-I and C-II groups
were found to be almost equivalent (Table 2, Figure
1). Patients with chronic brucellosis were not in-
cluded in this study since such patients could not
be found.

DISCUSSION

There is a growing interest in investigating the al-
terations of serum trace elements in the course of
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Study cases Mean age (Year ±Sd) Gender (Male %) BLC (Mean/mm3) CRP (mg/L ±Sd) ESR (mm/h ±Sd)

Brucellosis (n=45) 39.5±13 49% 9.500 72±25 56±17

C-I (n=35) 37.9±11 51% 7.800 ≤5 ≤10

C-II (n=90) 39.1±9 50% 8.200 ≤5 ≤10

TABLE 1: Demographic characteristics and some biochemical parameters of patients with brucellosis and both controls.

Sd: Standard deviation; BLC: Blood leukocyte count; CRP: C-reactive protein (Normal range: 0-6 mg/L); ESR: Erythrocyte sedimentation rate (Normal range: 0-16 mm/h).



different diseases. Many studies have been con-
ducted to examine the relationship between serum
Cu and serum Zn levels and various diseases, espe-
cially infectious diseases.1,2,4,5,7,8,10,11,13,14,18 This is the
first study that compares the serum Cu/Zn ratios in
patients with brucellosis and individuals in two dif-
ferent control groups. In general, there are two
types of abnormalities in the levels of trace ele-
ments. The first abnormality is an inadequate in-
take or an unbalanced intake of Cu and Zn as a
result of diet, and the second abnormality is the
presence of a disease that can affect the patient’s
serum levels. Individuals with nutritional disorders
and diseases apart from brucellosis were not in-
cluded in this study in order to reveal more reli-
able results.

The present study has shown statistically sig-
nificantly higher serum Cu levels and Cu/Zn ra-
tios, and lower serum Zn levels in patients with
acute or sub-acute brucellosis. Cesur et al. and

Kalkan et al. have reported results similar to those
found in our study.2,11 However, these studies have
not been conducted using two control groups and
they have not examined serum Cu/Zn ratios in pa-
tients with brucellosis and individuals in control
groups. Besides, patients were not categorized as
acute or sub-acute and chronic brucellosis in these
studies. We performed the present study with two
different control groups in order to obtain more re-
liable results. Increased serum Cu levels and de-
creased serum Zn levels in patients with brucellosis
are the result of an immune defense mechanism in
the human body, which has been well-docu-
mented in literature.1,2,10,11 Herein, we aimed to
clarify whether serum Cu levels, serum Zn levels,
and Cu/Zn ratio were available biomarkers to aid
diagnosis of brucellosis or to assess the course of
the disease. Sullivan et al. have reported that serum
Cu levels and serum Zn levels are significantly al-
tered in many diseases, including infections, ma-
lignancy, diabetes, arthritis, ulcer, psychoses,
cirrhosis, pancreatitis, hypertension, cardiovascu-
lar diseases, and chronic obstructive pulmonary
disease.1 Additionally, Sfar et al. and Mazetti et al.
have reported that aging may change serum Cu
levels and serum Zn levels.7,18 Although statisti-
cally significant alterations in serum Cu levels and
serum Zn levels exist in a wide range of diseases,
these alterations are not specific to any diseases, in-
cluding infectious ones. Yet, we observed in this
study that Cu/Zn ratios did not intersect between
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Brucellosis C-I C-II

Trace elements n=45 n=35 n=90 p

Cu (µg/dL ±Sd) 88.6±26 58.7±13 56.7±16 <0.001

Zn (µg/dL ±Sd) 38.3±12 58.5±14 55.8±13 <0.001

Cu/Zn 2.3±0.13 1.0±0.09 1.0±0.06 <0.001

TABLE 2: The mean values of serum Cu, serum Zn,
and the Cu/Zn ratios in patients with brucellosis and 
in both control groups, along with statistical results.

Sd: Standard deviation.

FIGURE 1: Serum Cu/Zn ratios in patients with brucellosis, and in individuals in the C-I and C-II groups.



patients with acute or sub-acute brucellosis and in-
dividuals in both control groups. Furthermore, in-
creased Cu/Zn ratios, found greater than 2.0, were
considered to be important among patients with
acute or sub-acute brucellosis when compared to
both control groups. Also, no statistically signifi-
cant differences were found in serum Cu levels,
serum Zn levels, and Cu/Zn ratios between two
control groups. This condition may indicate that
serum Cu/Zn ratio, especially greater than 2.0, may
be valuable in both aiding diagnosis of acute or
sub-acute brucellosis and evaluating the course of
the disease. Also, serum Cu/Zn ratio may be useful
in response to therapy of patients with acute or
sub-acute brucellosis. However, serum Cu/Zn ratio
was not determined at the end of antibacterial
treatment of patients with brucellosis due to some
limitations in the present study. This may be in-
vestigated by the controlled further studies.

There are some limitations of this study. First,
the differences between patients with acute bru-
cellosis and sub-acute brucellosis were not done.
Second, patients with chronic brucellosis were not
included in this study as we could not find patients
with chronic brucellosis. All cases of this study
were patients who had either acute or sub-acute
brucellosis. These limitations may be available to
be considered in future studies.

In conclusion, the present study has revealed
the significant differences in serum Cu and Zn lev-
els in patients with acute and sub-acute brucellosis.
Serum Cu, Zn, and Cu/Zn ratio may be available
biomarkers in both aiding diagnosis and evaluating
the course of acute or sub-acute brucellosis.
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