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ABSTRACT

Objective: This study aimed to investigate the relationship between serum mineral levels and parasite load in Saanen (n=37) and Damascus
(n=13) goats, which were all approximately 2 months pregnant and naturally infected with gastrointestinal nematodes.

Methods: To determine parasite concentration individually, fecal samples were taken from each goat, and the eggs per gram (EPG) of feces
was detected via a modified McMaster technique. To investigate the possible effects of parasite concentration on serum mineral levels,
blood was drawn from the goats and serum calcium, phosphorus, magnesium, iron, copper, zinc, manganese, nickel, and cadmium levels
were measured via the ICP-OES technique.

Results: In a correlation analysis of the individual EPG values and mineral levels performed on the basis of the species, it was seen that
increased egg numbers did not cause a statistically significant increase or decrease in Saanens except for cadmium (significant moderate
positive correlation, p<0.05) for both species. A comparison of the mineral element levels with the lower and upper normal limits in the pub-
lished literature found that manganese and iron were below the normal range, while zinc and calcium levels were close to the lower limits.
Conclusion: It is estimated that the effect of parasite load, which continuously increases with the progression of pregnancy and deliveries,
on blood mineral levels would be much more significant.
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Amag: Bu calisma gastrointestinal nematod|ar ile dogal enfekte, 2 aylik gebe Saanen (n=37) ve Damascus (n=13) kecilerinde, serum mineral
dlzeylerinin parazit yukd ile iliskisini irdelemek amaciyla yapilmistir.

Yontemler: Parazit yogunlugunun bireysel olarak belirlenmesi icin her kegiden diski 6rnegi alinarak modifiye McMaster teknigi ile gram digkidaki
yumurta sayilan (EPG) belirlenmistir. Parazit yogunlugunun serum mineral diizeylerine olasi etkilerini arastirmak icin kegilerden kan 6rnekleri
alinmig ve ICP-OES teknigi ile serumda kalsiyum, fosfor, magnesyum, demir, bakir, cinko, mangan, nikel, kadmiyum diizeyleri tespit edilmistir.
Bulgular: Irk diizeyinde bireysel EPG degderleri ile mineral dlizeylerinin korelasyon analizlerinde; artan yumurta sayisinin Saanen’lerde Kadmiyum
haric (pozitif yonde orta derecede dnemli korelasyon, P<0.05) her iki irk icin de istatistiki agidan énemli bulunabilecek artis ya da azalmalara sebep
olmadigi gérilmistdr. Her iki irk icin tespit edilen mineral deger ortalamalari literattrlerde bildirilen alt ve Ust sinir degerlere gére incelendiginde
mangan ve demirin normal degerlerin altinda, bakir, ¢inko ve kalsiyumun alt sinir degerlere yakin oldugu tespit edilmistir.

Sonug: Gebeligin ilerlemesi ve dogumlarla giderek artacak olan parazit yikindn kan mineral seviyelerine olan etkisinin ¢cok daha belirgin
olacagdi tahmin edilmektedir.
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INTRODUCTION

The popularity of goat milk has increased, along with its con-
sumption, because of its relative advantages noticed in recent
years; goat breeding has accordingly gained relative importance
within the livestock industry (1). The yearly comparison of the
numbers involved in goat breeding also support this impression
(4.9 million in 2009, 6.1 million in 2010, 7.1 million in 2011, and
8.1 million in 2012) (2). Gastrointestinal nematodes, whose pres-
ence in small ruminants may threaten the economic profitability
of livestock breeding (3), have become a menace to goats keep-
ing with the generalization of intensive breeding methods.
Infection by such agents may cause loss of appetite, gastrointes-
tinal dysfunction, and changes in protein, energy, and mineral
metabolism, while changes in fluid balance may modify body
composition and the quality of the animal’s carcass (4). These
infections, particularly those with a subclinical course, are gener-
ally neglected, causing a low-level, but persistent, loss of pro-
ductivity. Even though this level of loss in productivity is not
likely to be remarked at the individual level, loss of profit in the
regional or national scale take place (5).

The Trichostrongyloidea and Strongyloidea superfamilies of
worms, resident mainly in the abomasum as well as in the small
and large intestine of ruminants, are extensive, with a large num-
ber of genera. The pathogenicity of these parasites in the vari-
ous compartments of the gastrointestinal tract varies according
to factors such as development and feeding patterns (3, 6, 7).
The effects of histologic pathology on blood chemistry also vary
with the parasite type and concentration (8, 9).

Mineral elements are part of the constituents of many tissues;
they also function as cofactors of different enzymes (1, 2, 10).
Mineral deficiency delays growth, reduces productivity, and neg-
atively affects the reproductive and immune systems of the ani-
mals (3, 4, 10).

Digestion and absorption disorders due to endoparasites result
in protein and trace element deficiencies in the host animal (3, 4,
8). Mineral deficiencies related to malnutrition, in turn, lead to an
impairment in immune function, thus unfavorably affecting the
resistance to parasitic infections (11). The presence of mineral
deficiencies may therefore result from parasitic infections, while
they may also determine the severity of the infection.

Cadmium is a heavy metal that does not have any known essen-
tial function and is highly toxic. It leads to lipid peroxidation and
glutathione consumption by binding to sulthydryl groups in the
tissues (particularly in the liver and the kidney). As a result, cell
damage occurs (12). Simultaneously, cadmium inhibits antioxi-
dant enzymes, such as catalase, manganese superoxide dis-
mutase, and copper/zinc superoxide dismutase (13). Nickel is
known to inhibit some enzymes at toxic levels in the same man-
ner as cadmium (14). Nickel has not been proven as an essential
element for animals, but the addition of nickel to their feed
rations has been shown to have beneficial results (11). Due to
their capacity to form free radicals, nickel and cadmium can
cause inflammation, nucleic acid oxidation, and failure in the
DNA repair mechanism. Mutagenic changes occur in cancer
cases, which are induced by these elements (15).

In studies of the blood levels of hosts to parasitic infections, it
has been shown that sheep experimentally infected with
Trichostrongylus axei and T. colubriformis show a serious reduc-
tion in copper levels (16), while similarly severe deficiencies of
copper and zinc are encountered in sheep naturally infected by
Haemonchus contortus (17) and Trichostrongylus spp. (18) A
positive correlation between iron level reduction with related
anemias and the egg count per gram (EPG) of feces has been
suggested (17, 19).

Parasites are living forms that are generally harmful to their hosts
(6). It has been reported, however, that certain helminths protect
their hosts from excessive heavy metal storage by keeping these
metallic elements in their own bodies (20-22). Many trace ele-
ments (such as iron, copper, manganese, and molybdenum) are
essential but are also heavy metals. Parasites are naturally
expected to share all minerals absorbed through the host intes-
tine. Following up on these considerations, our study aimed to
examine the relationship between the serum levels of the mac-
ro-elements calcium, phosphorus, and magnesium and the
micro-elements iron, copper, zinc, manganese, and the toxic
heavy metals nickel and cadmium on the one side and the para-
site load on the other.

METHODS

Animals

This study was planned as a follow-up to the clinical and laborato-
ry evaluation of two goats of the Saanen breed brought from a
company in the izmir-Tire area to the Adnan Menderes University
Veterinary School Internal Medicine Clinic due to their delayed
growth, reduced food intake, and weight loss. It was reported that
the enterprise where the goats came from, naturally infected by
nematodes, had 37 Saanen and 13 Damascus breed, all of them
18 months old and two months pregnant. The two groups of
goats had been obtained from different sites in Turkey (the
Saanen breed from Foca, Izmir, and the Damascus from Adana).

Examination of the feces

Individual fecal samples were obtained by rectal examination and
distributed over individual envelopes marked with the animals’
earmark number. The strongyle-type EPG was determined in the
absence of a genus-level or species-level diagnosis based on
morphologic characteristics, and feces cultures were made.
Cultivating was performed on a group basis for the Saanen and
Damascus goats. To this purpose, the feces remaining after the
individual egg counts were pooled by groups and thoroughly
mixed. To facilitate development of the eggs to third-stage lar-
vae, sawdust and water were mixed to a slurry-like consistency (3
parts feces to 1 part water), placed in the plastic containers, and
then incubated at 26-28°C for one week (23-25). During this peri-
od, the samples were taken out of the incubator daily for airing
by mixing; samples with a reduced water content were corrected.
The larvae developing at the end of this period were collected by
the Baermann-Wetzel method and diagnosed by morphologic
criteria in accordance with the relevant publications (26, 27).

Blood tests
A 10 mL blood sample was collected from the jugular vein of
each animal into gel serum tubes inscribed with the animal’s
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earmark number. The blood samples were carried to the labora-
tory in cool transport bags. Serum was separated by centrifuging
for 10 min at 3,000 rpm, then portioned and kept at -20 °C until
analyzed. To obtain protein precipitation before analysis, 4.5 mL
1IN HNO, was added to 0.5 mL of a serum sample, which was
then homogenized and centrifuged for 15 min at 4,000 rpm. The
supernatant was transferred to polyethylene tubes for analysis.
Determinations were performed by Inductively Coupled Plasma/
Optical Emission Spectrometry (ICP-OES) for the calcium, mag-
nesium, phosphorus, iron, copper, zinc, manganese, nickel, and
cadmium levels for each of the two goat breeds.

Statistical analysis

The SPSS 15.0 statistical software package (SPSS Inc.; Chicago,
IL, USA) was used for statistical treatment of the data.
Comparisons between the Saanen and Damascus breeds for
strongyle-type EPG counts and for the levels of mineral ele-
ments were done using the Student’s t-test (28). Correlations of
parasite density counts with the macro-elements (calcium, mag-

Table 1. Stool culturing results in goats

Goat breeds Parasite species %

Saanen Haemonchus contortus 67
Oesophagostomum spp. 19
Trichostrongylus spp. 8
Cooperia spp. 3
Cooperia onchophora 2
Ostertagia spp. 1

Damascus Haemonchus contortus 60
Cooperia onchophora 20
Ostertagia spp. 16
Cooperia spp. 4

nesium, and phosphorus) and the micro-elements (iron, copper,
zinc, manganese, nickel, cadmium) were characterized by
Pearson’s correlation analysis (29).

Ethics committee approval was received for this study from the
regional animal experiments ethics committee of Adnan
Menderes University (Document no: 64583101-2014-009).

RESULTS

An EPG of 150-21,500 for the Saanen goats and 50-3,350 for the
Damascus breed showed that both races were infected by vary-
ing measures (EPG grading: 0-1,000 mild, 1,000-2,000 moderate,
>2,000 severe infection). Saanen goats were found to be more
severely infected than the Damascus breed, with a statistically
significant difference (strongyle-type EPG means 3,951.14 vs
903.33, respectively). Cultures pooled by the breed allowed
diagnosing six different strains or genera in the Saanen and four
in the Damascus goats (Table 1).

Comparison among the breeds of the mineral element levels
showed slightly higher levels for five of nine parameters among
the Damascus breed, but only the difference for calcium was
statistically significant (Table 2). Comparison of the mineral ele-
ment levels with the lower and upper normal limits indicated in
the published literature found manganese and iron to be below
the normal range, while zinc, copper, and calcium levels were
close to the lower limits. A correlation between the EPG values
and mineral element levels failed to show statistically significant
differences, except for cadmium. Cadmium was in direct correla-
tion with EPG (p<0.05). No significant correlation was found
between the nickel level in serum and the parasite level in feces
(Figure 1-4).

DISCUSSION

Ruminants infected with nematodes have been reported to
experience disorders of digestion and absorption, gastroenteri-

Tablo 2. The average macro-elements, micro-elements levels, and strongyle-type eggs per gram (EPG) of feces, according to

Students t-test

Saanen X * S X (n=37) Damascus X = S X (n=13) Literature values t

Calcium (ppm) 57.5+0.13b 60.3+0.06° 50-110 ppm ~2.022*
Magnesium (ppm) 24.3+0.07 25.1+£0.06 10-30 ppm -0.815-
Phosphor (ppm) 61.85+4.12 54.96+7.67 35-90 ppm 0.719-
Iron (ppb) 185.34+31.32 172.81+£48.97 450-1900 pp® 0.216-
Copper (ppb) 564.37+32.83 571.49+40.70 500-1600 pp® ~0.136-
Zinc (ppb) 422.77+16.32 406.13+32.01 400-1600 pp° 0.463-
Manganese (ppb) 36.94+1.58 33.90+3.53 240-400 pp® 0.585-
Nickel (ppb) 59.53+1.12 61.97£1.27 - —1.443-
Cadmium (ppb) 41.31+0.52 45.28+2.03 - —-1.894-
Strongyle-type egg 3951.14+686.152 903.33+279.26° Severity of the infection 4.114%**

0-1000 mild 1000-2000

moderate 2000- severe
—: not significant; *: p<0.05, p<0.001, n: number of animals in the relevant breed
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Figure 1. Comparison of the parasite density and macro-
element levels in the individual Saanen goats

x-axis: Goats ranked by increasing number of eggs

Figure 3. Comparison of the parasite density and macro-
element levels in the individual Damascus goats

x-axis: goats ranked by increasing number of eggs
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Figure 2. Comparison of the parasite density and micro-
element levels in the individual Saanen goats
x-axis: goats ranked by increasing number of eggs

tis, loss of appetite, delayed growth, anemia, and productivity
loss (8, 30-33). Similar findings were observed in the goats
included in our study. There is no abundance effect on the blood
mineral levels of these parasitoses, which otherwise would cause
many undesirable physiologic and histologic effects. Only a lim-
ited number of studies have been performed so far in sheep;
however, no available information exists for goats.

Ayaz et al. (9), in their study of sheep naturally infected by differ-
ent endoparasites, examined different biochemistry values with-
out finding any positive or negative difference from the controls
in terms of calcium, phosphorus, and magnesium levels. Abdell
(18) reported a fall in serum copper and zinc in sheep naturally
infected with Trichostrongylus species. Silva et al. (17) similarly
indicated low serum copper and zinc levels in sheep with spon-
taneous H. contortus infection. As for Hucker and Young (16),
they noted a fall in plasma copper in sheep that they had infect-
ed with T. axei and T. colubriformis, and this fall was directly
correlated with the EPG value. Symons (33) also found low plas-
ma zinc levels in sheep experimentally infected with T. colubri-
formis. Ozer et al. (34) reported low serum iron levels in lambs

Figure 4. Comparison of the parasite density and micro-
element levels in the individual Damascus goats
x-axis: goats ranked by increasing number of eggs

with gastrointestinal nematode infection; such low iron levels
have also been signaled in sheep experimentally infected with
H. contortus (35, 36). Similar findings of low serum iron were
reported by Kolb et al. (37) in lambs with experimental T. colub-
riformis and H. contortus infections. $Sahin and Akgul identified
significantly reduced levels of plasma copper and zinc and
serum iron in sheep with gastrointestinal nematode infection (8).

The fact that in our study serum iron was much lower than the
lower normal value may be a result of the high proportion of
anemia-causing parasites, mainly H. contortus, followed by
Oesophagostomum spp. and Cooperia spp. identified in the
animals (total percentages of anemia-causing parasites was 91%
in the Saanen goats and 84% in the Damascus goats). In fact,
important falls in the serum iron levels have been reported for
both spontaneous and experimental H. contortus infections (19,
35-37).

The serum manganese levels in our study were found to be con-
siderably inferior to the reference values; no published reports
on manganese levels in parasitic infections could be identified.
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The closeness of the copper and zinc levels to the lower normal
limits seems to parallel the reports on either spontaneous or
provoked Trichostrongylus infections (8, 16, 18). The intensifica-
tion of this observation with advancing pregnancy suggests that
the relative severity of parasitic infection very probably reduces
the level of other minerals, in addition to copper and zinc.

No significant relationship could be identified between EPG
and serum mineral element levels, except for cadmium, even in
goats of the Saanen breed, which had been found to have
moderate infection in seven cases and severe infection in 21.
This led to speculation that herd history is important in deter-
mining the observability of different deficiencies due to differ-
ent individual parasite loads in single animals. The application
of anthelmintic agents, however infrequent and irregular in the
case of this farm, may cause interruptions in the presence of
parasites in the animals, thus allowing for a recovery in serum
mineral levels.

Interestingly, the presence of cadmium, a toxic heavy metal, in
the animals in our study, had a direct, moderately strong correla-
tion to the fecal EPG. It has been reported that while parasites
may help detoxify the host organism by accumulating heavy
metals in their own bodies, they may also disrupt the host’s
detoxification capacity (20, 38, 39). It has also been observed
that cadmium exposure depresses the immune system and that
parasite infections progress with greater severity in immune-de-
pressed goats (40). The direct correlation observed in our study
between infection severity and cadmium levels may result from
either of these mechanisms.

For nickel, while its role as an essential element has not been
established, some animal studies have shown positive results
from the addition of nickel to food rations (11). Its role in the
digestive process has not yet been elucidated, and no relation-
ship was identified in our study between its presence and the
parasite load.

The different levels of mineral elements among the different
breeds of animals are thought to be due to either the parasite
load or to some physiological variations of the breeds.

CONCLUSION

In conclusion, no significant relationships between parasite load
and serum mineral levels could be detected in our study, except
for cadmium. We speculated that the anthelmintic interventions
performed, albeit sporadic, mitigated the adverse effects of
parasitosis on serum mineral levels.

Another observation was the low average iron levels, well below
the lower normal limit, for both breeds. We attribute this to the
part played by the overwhelming preponderance of H. contortus
among the parasites present in the goats. This organism, which
stands out due to its pathogenicity, represents a major cause of
parasitosis anemia and requires special attention in measures
against the disease.

The predictable increase in parasite load, along with the prog-
ress in pregnancy and the following deliveries, is expected to
have a more marked effect on the blood levels of the mineral
elements.
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