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ABSTRACT: The aim of this study was to establish reference intervals for the haematological profile of alpacas on 
the basis of a large population of clinically healthy animals, and to determine the influence of sex, age and season 
on these indicators. Blood samples were collected from 243 alpacas (53 males and 156 females over six months of 
age and 34 crias – 12 males and 22 females – under six months of age). The selected farms were located in Central 
Europe (Czech Republic and Germany). We determined 13 haematological indicators. Comparison of the results 
was performed with respect to the sex of animals and for the older group also with regard to the season and to 
the feeding period. We found no highly significant (P > 0.001) differences between males and females. We did find 
highly significant differences (P < 0.001) between the group of crias under six months of age and the older alpacas 
(mean corpuscular volume – MCV, mean corpuscular haemoglobin concentration – MCHC, red cell distribution 
width – RDW, white blood cell count – WBC, neutrophil count). Based on our findings we suggest that for some 
indicators different reference intervals (esp. WBC and differential cell counts) be used for the two above mentioned 
age groups. We found some highly significant differences (P < 0.001) in haematological indicators in the older 
group of alpacas between the summer and winter feeding period (haemoglobin concentration, MCHC). Clinical 
laboratory diagnosis may be improved by the use of age-based and season-based haematological reference values.
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The alpaca (Vicugna pacos) is a member of the 
camelid family, genus Vicugna. The species origi-
nates from South America, where it evolved at alti-
tudes of 4000 meters or more and therefore alpacas 
possess some unique features. More recently, alpacas 
have been growing in numbers and popularity also 
in European countries. Breeders and veterinarians 
need to be aware of the characteristics of these ani-
mals. Haematological tests are very important for 
assessment of animal health status and reference val-

ues are essential for diagnosis. There are studies on 
some haematological features of alpacas conducted 
in North America (Dawson et al. 2011), Australia 
(Hajduk 1992) and New Zealand (Ellison et al. 2006) 
as well as in Europe (Burri et al. 2005; Foster et al. 
2009). However, most of the studies were performed 
on relatively small numbers of animals or did not 
take into consideration the age and sex of animals. 
Currently, to the author’s knowledge, the only work 
considering the need of different reference intervals 
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for different age groups of alpacas was performed by 
Burri et al. (2005). Furthermore, as nutrition, physiol-
ogy and environmental conditions influence clinical 
pathology profiles (Husakova et al. 2014a, Husakova 
et al. 2014b), it is necessary to establish normal refer-
ence values for each animal species under defined en-
vironmental and nutritional conditions (Bogin 2000). 

In our study we took into consideration the spe-
cific management conditions of alpacas in Central 
Europe such as the higher amount of nutrients 
that may influence haematological parameters. 
Furthermore, we took into account the seasonal 
effect (different feeding patterns in summer and 
winter periods) to examine the possible influence 
on haematological values (Zapata et al. 2003). It was 
our wish that this study be useful for breeders and 
veterinary practitioners, and, therefore, we consid-
ered and statistically evaluated the influence of age, 
sex and season on haematological parameters in the 
blood of alpacas. The objective of the study was to 
establish a reference interval for haematological 
parameters in alpacas bred in Central Europe on 
the basis of a large population of clinically healthy 
animals with regard to all the above factors.

MATERIAL AND METHODS

Animals. Blood samples were collected from 
209 alpacas over six months of age (53 males and 
156 females) and 34 crias under six months of age 
(12 males and 22 females) over the course of the 
period from 2010 to 2012 as part of research work 
(approved by the committee of the project grant) 
that was carried out in the course of preventive field 
work. All the conditions of animal welfare were 
ensured. Animals ranged from a two day old cria 
to a 16.5 year old female. The farms were located 
in Central Europe (15 in the Czech Republic and 
two in Germany). The owners were requested to 
complete a questionnaire regarding details of the 
farm (number of animals, feeding pattern in winter 
period vs. summer period, the age, sex, medical 
history, and origin of individual animals). All ani-
mals included in our study had either been born on 
their farm or had been in the herd for at least three 
months. All farms had similar management sys-
tems, i.e. animals were kept outside all year round 
with freely accessible shelter (wooden barn). The 
feeding pattern was also similar: green pasture and 
some hay in the summer period, mainly hay and 

some supplements (grain, mineral and vitamin 
mixture) in the winter period. 

Supplementary feeding used by breeders 
(Supplementary feeding for alpacas and llamas, 
Sehnoutek and Sons v.o.s., Czech Republic) contained 
dried alfalfa stuff, oat, corn, sunflower meal, linseed, 
toasted soybean meal, calcium carbonate, sodium 
chloride, dicalcium phosphate monohydrate, Vitamin 
A (40 000 IU/kg), D3 (10 000 IU/kg), E (404 mg/kg) 
and copper sulphate pentahydrate CuSO4 × 5 H2O 
(36 mg/kg). The recommended daily dose for alpacas 
is 300 g/50 kg body weight. We included only clinical-
ly healthy animals (an individual physical examination 
was performed on each animal prior to sampling) in 
the study with known parasitic burden. At the time of 
blood collection we also took faecal samples to test for 
gastrointestinal parasites. As all the farms included 
in our study were on regular deworming programs, 
the results of testing were mostly 0 to + (negligible) 
with only a few having ++ (moderate) parasitic bur-
den. Only a few animals harboured highly pathogenic 
parasites of the genera Trichuris and Nematodirus 
and all of these had only negligible amounts of eggs 
(less than three) in the whole sample.

Sample collection and analysis. Blood samples 
were collected all year round. No sedation was used 
and only minimum restraint was required. To cor-
rectly determine the seasonal variation we divided 
the samples into two groups based on the feeding 
pattern. Group S (summer period) consisted of al-
pacas from which blood samples were collected in 
the period April 26th to October 5th and Group W 
(winter period) included animals from which sam-
ples were taken from October 25th to April 13th. 
Blood samples were collected via jugular venipunc-
ture using a 20 G needle (Henry Schein, U.K.) into 
evacuated sample tubes (Aquisel K3E/EDTA 3K) 
containing dipotassium ethylene-diamine tetra-
acetate. From each sample one blood smear was 
also made (drop of blood from collecting needle 
immediately after sample collection). Samples were 
placed in a Thermo Cooler box for transportation 
to the laboratory. All laboratory analyses were per-
formed at the Department of Laboratory Diagnostics 
for Large Animals (University of Veterinary and 
Pharmaceutical Sciences Brno). The haematological 
tests were performed on the BC-2800 Vet auto hae-
matology analyser (Mindray Medical International 
Limited, China) with the camelid setting using an-
ticoagulated blood and included white blood cell 
count (WBC), red blood cell count (RBC), haemo-
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globin concentration (HGB), haematocrit (HCT), 
mean corpuscular volume (MCV), mean corpuscular 
haemoglobin (MCH), mean corpuscular haemoglo-
bin concentration (MCHC) and red cell distribution 
width (RDW). Blood smears stained with May-
Grunwald-Giemsa stain were manually evaluated by 
an experienced medical technologist, who performed 
a differential count of 100 leukocytes visually under 
a microscope. In order to minimise sources of error, 
the differential cell counts were all performed by the 
same experienced person.

Statistical analysis. The basic statistical param-
eters of our set of results (means for each haema-
tological variable and group of animals, pooled 
standard deviation) were calculated. Reference in-
tervals were established from the lower 2.5th and 
upper 97.5th percentiles, after exclusions of obvious 
outliers detected manually. The data set was divided 
by sex, age and feeding pattern into the following 
groups: males and females over six months of age in 
summer/winter feeding period, and male and female 
crias less than six months of age in summer.

The set of haematological variables was statisti-
cally tested in a factorial design within two differ-

ent subsets. To find out if males over six months 
of age significantly differed from females, and if 
both sexes differed between the summer and winter 
periods, we applied factorial ANOVA to obtain a 
response to both factors (sex and season) and their 
interaction. Because no data from winter crias were 
available, we had to test the difference between 
summer data for adult and cria males and females 
by factorial ANOVA separately. Scripts for statis-
tical tests were written in the R program (version 
3.0.1; www.r-project.org).

RESULTS

Mean and pooled standard deviation for all 
haematological indicators within alpaca groups 
differing in sex, age and season and statistical sig-
nificance of factorial ANOVA for subsets (sex and 
season for the older group of alpacas; sex and age 
in summer season for both groups) are presented 
in Tables 1 and 2. Calculated reference ranges of 
haematological variables of different groups of al-
pacas are presented in Table 3. 

Table 1. Effect of sex and season on haematological profile in alpacas older than six months of age

Item
Summer feeding Winter feeding

Pooled s.d.
Significance

females males females males sexA season sex × season
RBC (×1012/l) 13.10 13.80 13.80 14.50 2.00 * * ns
HGB (g/l) 127.00 132.00 139.00 140.00 18.00 ns *** ns
HCT (%) 29.90 31.00 31.00 32.00 4.40 ns ns ns
MCV (fL) 23.00 22.80 22.50 22.50 2.00 ns ns ns
MCH (pg) 9.70 9.70 10.10 9.80 0.80 ns ** ns
MCHC (g/l) 424.00 430.00 452.00 439.00 24.00 ns *** *
RDW (%) 19.10 18.80 18.00 20.00 1.40 ns * ***
WBC (×109/l) 15.40 14.30 14.30 12.10 4.20 * * ns
Neutr (×109/l) 8.70 9.10 7.80 6.10 3.20 ns * ns
Eos (×109/l) 0.33 0.74 0.21 0.31 0.69 ** ns ns
Mono (×109/l) 0.10 0.15 0.10 0.02 0.22 ns * ns
Lym (×109/l) 6.30 4.90 5.20 4.60 2.60 * ns ns
Baso (×109/l) 0.01 0.00 0.00 0.00 0.08 ns ns ns

RBC = red blood cell count; HGB = haemoglobin concentration; HCT = haematocrit; MCV = mean corpuscular volume; 
MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin concentration; RDW = red cell dis-
tribution width; WBC = white blood cell count; Neutr = neutrophil count; Eos = eosinophil count; Mono = monocyte 
count; Lym = lymphocyte count; Baso = basophil count; sexA = categories of males and females over six months of age; 
season = the year period of feeding (winter and summer feeding pattern); sex × season = an interaction between sexA and 
season; ns = not significant
*P < 0.05, **P < 0.01, ***P < 0.001 
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The influence of sex

The differences between all males and females 
alpacas were relatively weak or non-significant in 

most variables (Table 2). The only variables sig-
nificantly influenced by sex were eosinophil counts 
and lymphocyte counts. We obtained significantly 
different results between males and females over 

Table 2. Effect of sex and age on haematological profile in all alpacas (younger and older than six months) 

Item
Alpacas over six months Crias

Pooled s.d.
Significance

females males females males sexAC age sex × age
RBC (×1012/l) 13.10 13.80 14.20 14.10 1.90 ns * ns
HGB (g/l) 127.00 132.00 131.00 131.00 17.00 ns ns ns
HCT (%) 29.90 31.00 29.60 29.30 4.00 ns ns ns
MCV (fL) 23.00 22.80 21.10 20.90 2.10 ns *** ns
MCH (pg) 9.70 9.70 9.20 9.30 0.80 ns ** ns
MCHC (g/l) 424.00 430.00 443.00 447.00 23.00 ns *** ns
RDW (%) 19.10 18.80 20.30 19.30 1.50 ns *** ns
WBC (×109/l) 15.40 14.30 11.20 11.90 4.10 ns *** ns
Neutr (×109/l) 8.70 9.10 4.60 5.60 3.10 ns *** ns
Eos (×109/l) 0.33 0.74 0.09 0.13 0.70 * * ns
Mono (×109/l) 0.10 0.15 0.10 0.02 0.22 ns ns ns
Lym (×109/l) 6.30 4.90 4.40 4.70 2.50 * * ns
Baso (×109/l) 0.01 0.00 0.01 0.00 0.08 ns ns ns

For abbreviations of haematological indicators see Table 1
sexAC = categories of all alpaca males and females; age = alpacas (older than six months) and crias (under six months); sex 
× age = an interaction between sexAC and age; ns = not significant
*P < 0.05, **P < 0.01, ***P < 0.001

Table 3. Calculated reference ranges for the haematological profile of alpacas 

Item
Alpacas older than six months Crias (under six 

months of age) 
effect of age crias 

(F + M)
effect of sex effect of season (F + M) effect of age

F M summer feeding winter feeding F + M
RBC (×1012/l) 10.0–17.9 10.3–20.0 10.0–18.3 10.0–18.4     9.6–18.4 11.8–16.1
HGB (g/l) 100.0–160.0   96.0–192.0   96.0–160.0 111.0–179.0     96.0–179.0  114.0–151.0
HCT (%) 23.5–40.0 23.2–42.0 23.6–39.3 23.2–42.0 22.9–41.6 23.9–34.3
MCV (fL) 19.7–27.2 18.6–27.0 19.2–27.2 18.9–25.7 19.0–27.2 18.2–25.9
MCH (pg)   8.6–11.3 8.2–11.3  8.2–11.2 8.6–11.8    8.2–11.3   8.1–10.9
MCHC (g/l) 389.0–497.0 387.0–479.0 389.0–462.0 399.0–507.0 387.0–482.0 403.0–508.0
RDW (%) 16.7–21.2 16.7–22.4 16.7–21.4 16.7–22.4 16.7–21.7 16.7–22.5
WBC (×109/l)   7.6–21.8   4.6–21.0  7.6–21.9  4.9–21.0    5.1–21.9    4.2–22.8
Neutr (×109/l)   2.6–14.8   1.3–13.8   2.6–14.8   1.3–12.0    1.7–14.8 0.7–8.1
Eos (×109/l)    0–1.6   0–2.1   0–2.7   0–1.2      0–2.1    0–0.2
Mono (×109/l)    0–0.7   0–0.6    0–0.8   0–0.5      0–0.7    0–0.4
Lym (×109/l)   1.7–11.6 2.4–9.6   2.2–11.6 1.6–10.1     1.6–10.9  2.0–6.4
Baso (×109/l)    0–0.1 0 0 0       0–0.01 0

For abbreviations of haematological indicators see Table 1
F = female; M = male 
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six months of age (Table 1). When we compared 
the obtained results between older males and fe-
males, one indicator exhibited a highly significant 
(P < 0.01) difference (eosinophil count) and three 
indicators were found to exhibit significant (P < 
0.05) differences (RBC, WBC, and lymphocyte 
count). However, when we compared the calculated 
ranges (Table 3), there were only minimal differ-
ences between males and females. The most obvi-
ous difference in calculated ranges between males 
and females was observed in white blood cell count 
(the lower limit was significantly lower in males).

The influence of age

When we compared the data between the group 
of crias under six months of age and alpacas old-
er than six months (Table 2) we found that from 
13 variables evaluated in our study nine signifi-
cantly differed between the two groups (five at P < 
0.001, one at P < 0.01 and three at P < 0.05). 

When, however, we compared the calculated 
ranges for observed variables (Table 3), most of 
the range values were similar for both groups. The 

most marked differences influenced by age were 
found in means of WBC counts and neutrophils 
which were significantly higher in the older group 
of alpacas. This group also exhibited a much larger 
calculated range for neutrophil counts (both lower 
and upper range limits were markedly lower in the 
crias group). 

When we expressed the differential cell counts in 
percentages then for alpacas older than six months 
vs. crias under six months our reference ranges 
were as following: neutrophils, 26 to 80% vs. 12 to 
64%; lymphocytes, 16 to 72% vs. 34 to 84%; eosino-
phils, 0 to 18% vs. 0 to 4%; monocytes, 0 to 5% vs. 
0 to 4%; and basophils, 0 to 1% vs. 0 to 2% from 
the total WBC, respectively. These findings dem-
onstrate higher levels lymphocytes, lower levels of 
neutrophils and lower levels of eosinophils in crias 
when compared with older alpacas. 

The influence of season

Comparisons of the observed indicators in al-
pacas over six months of age sampled in the sum-
mer feeding period with the winter feeding period 

Table 4. Reference ranges of the haematological profile of alpacas in the literature

Item Hajduk 
(1992)

Bogin 
(2000)

Burri et al. (2005) Foster et al. 
(2009)

Fowler (2010) Dawson et 
al. (2011)C M F C A

RBC (×1012/l) 11.5–14.1    8.3–12.5    12.9–15.4     12.8–15.6 10.5–15.0   9.1–13.8      9.6–17.2 10.5–17.2    9.4–18.1
HGB (g/l) 131–185 116–145    134–166    127–166 110–161 104–170   101–181 119–194 102–193
HCT (%) 30–41    29–37    29–37 26–37 24–36      24–28.5 27–45 22–45
MCV (fL) 23–32    21.5–25.4    22–25 22.8–26.3 21.8–28.9    21.5–29.9     22–29.9 21–28
MCH (pg)   9.7–11        10–10.8 9.8–11 10.6–12.7        9–11.9  10.1–12.7    9–12
MCHC (g/l) 382–557     419–464    414–459 411–454 418–496   394–449   393–468 420–490
WBC (×109/l)  6.4–21.6    8.9–22.0       7.3–16.0       9.8–15.8    8–16    5.7–32.9      7.1–22.9        8–21.4    7.1–18.6
Neutr (×109/l)  3.4–16.2 2.9–8    4.5–9.3 3.4–9.1    2.6–24.9 3.5–12
Neutr (%) 42–75 22–48    31–63    44–71 39–70   35–63 42–73
Eos (×109/l) 0.2–2.7     0.1–3.1       1–3.6 0.8–3.4     0–2.2 0.1–4.3
Eos (%)  2–20 3.5–6.0       1–18       8–27 7–27       0–9.5    2.2–21.4
Mono (×109/l)   0–0.8 0.3–0.9    0.1–0.7 0.2–0.9     0–2.1     0–1.0
Mono (%) 0–4 0.5–2.0 3.5–7       2–5.5 1.5–7.7      0–5.2      0–4.6
Lym (×109/l) 2.3–7.3     1.4–5.9    1.7–4.5 1.1–5.2 1.2–8.9 1.1–5.5
Lym (%) 19–53 15–59 15.7–54 15.2–31 11–39 18.3–41.9   9.2–25.2
Baso (×109/l)        0–0.1       0–0.3     0–0.2 0     0–0.4
Baso (%) 0.5–3.0     0–1     0–2     0–1.5 0–1    0–14

For abbreviations of haematological values see Table 1
C = cria; M = male; F = female; A = adult alpaca
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is presented in Tables 1 and 3. When we compared 
the means of tested indicators in different periods, 
we found higher values for most of the red blood 
cell parameters in the winter feeding period while 
the opposite was true for white blood cell indica-
tors (higher mean values in the summer feeding 
period). The calculated range values are, however, 
similar for most indicators with the exception of 
HGB and MCHC (higher values) and WBC (lower 
values) in the winter feeding period.

DISCUSSION

Our study establishes comprehensive reference 
intervals for the haematological profile of alpacas 
bred in Central Europe with consideration of age, 
sex and seasonal differences. In Table 4 we present 
other relevant published data for comparison with 
our results (Table 3). The red blood cell indicator 
range values in our study are comparable to most 
previously published values for alpacas. Our lower 
limits for RBC counts, haemoglobin concentrations 
and haematocrit in adult alpacas are correspond 
with the values reported by Dawson et al. (2011), 
Foster et al. (2009) and by Ellison et al. (2006), while 
studies on alpacas in Switzerland (Burri et al. 2005) 
and in Australia (Hajduk 1992) reported narrower 
range limits of these indicators for male and female 
adult alpacas. In an alpaca study from Italy very 
low range limits for HGB (80 to 157 g/l) were re-
ported (Morgante et al. 2001). However, the authors 
suspected nutritional deficiency in those animals. 
The lower limits for RBC count, HGB concentra-
tion and HCT are lower in the crias tested here 
than in those from a previous study conducted in 
Switzerland (Burri et al. 2005). These differences 
may be attributed to the lower numbers of animals 
in previous studies and also, in the case of crias, to 
the wide range of age of crias in our study. 

Other, more common, causes of lower RBC counts 
and/or lower HCT may be subclinical disease (gas-
trointestinal parasitism or subclinical infection 
with Mycoplasma haemolamae) or differences in 
diet, e.g. iron and cooper deficiency (Morgante et 
al. 2001; Jones and Allison 2007). We examined all 
alpacas in our study for gastrointestinal parasites 
but a test for M. haemolamae was not performed 
as at the time of our study we did not consider this 
possibility. Over the course of the last year a few 
alpacas in the Czech Republic were confirmed to 

be positive for M. haemolamae by PCR testing. 
Therefore, alpacas, which are apparently healthy 
but have slightly lower packed cell volumes might 
be subclinical carriers of that disease (Tornquist 
et al. 2010).

Our range values for leucocytes are similar to these 
reported by most previous researchers, but wider 
than values reported for alpacas in Switzerland 
(Burri et al. 2005). There are many possible causes 
for an increased number of leucocytes such as bac-
terial infection, nutritional reasons – e.g., forage 
from industrial contaminated sites (Szakova et al. 
2012). The most common cause, also suspected 
in our case, would be as a result of a stress re-
sponse. On the other hand, a decreased number 
of neutrophils can be also caused by acute severe 
inflammatory diseases (e.g. gram-negative sepsis, 
pneumonia, and many others) or bone marrow in-
jury. Lymphopenia may be observed in response to 
stress or corticosteroid administration, acute viral 
infections, and rare immunodeficiencies (Jones and 
Allison 2007). Viral infections, such as bovine viral 
diarrhoea virus (BVDV), usually cause leucopenia, 
which is well documented in the study of Johnson 
et al. (2010) on alpacas that were experimentally 
infected by BVD virus.

When we compared the results of our study with 
the haematological values of alpacas living at high 
altitudes in Peru (Fowler 1998), the effect of envi-
ronment on blood indicators, such as RBC, haemo-
globin, haematocrit and also WBC (all markedly 
higher in Peruvian alpacas) is clearly visible. The 
above finding supports the theory that haemato-
logical reference intervals should be regularly re-
established to account for geographical and genetic 
variations (Passler et al. 2013).

Our conclusion that the influence of sex on most 
blood indicators is small is in accordance with 
other reports on alpacas. Hajduk (1992) found no 
significant differences for any variables except eo-
sinophils, which corresponds with our findings, 
where eosinophils were the significant variable. 
For the other three variables in our study that 
were influenced by sex we found similar results 
only for erythrocytes (females having lower values 
than males) with the study of Burri et al. (2005). 
We found no similar results in the literature for 
WBC and lymphocytes in alpacas but we consider 
the level of significance low and from the practi-
cal point of view, not important. To the best of 
our knowledge there is only one other study on 
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alpacas that considers the influence of sex on the 
haematological profile (Dawson et al. 2011) and the 
authors of this study reported no sex-associated 
differences for any of the median haematological 
results with the exception of mean platelet volume. 
There is, however, one study on farmed guanacos in 
Central Chile (Zapata et al. 2003) that describes dif-
ferences between males and females in lymphocyte 
counts with males having significantly lower values 
than females. The authors interpreted this as being 
linked with the social behaviour of males, which 
consists of permanent hierarchical fights. Despite 
the fact that the studied guanaco males were cas-
trated, there was still some hierarchical fighting 
behaviour observed. The alpaca males involved in 
our study were mostly breeding males; therefore, 
the above explanation for the reduced lymphocyte 
count is the most probable.

Our finding that most haematological indicators 
are significantly influenced by age is difficult to 
compare with literature as most studies present-
ing values for these indicators were done on adult 
animals or did not specify the age. The only work 
we can compare our findings with is the previously 
cited Swiss study, in which the lower MCV values 
in crias than in adult alpacas correspond with our 
findings. The results of the Swiss study also cor-
respond with our finding that erythrocyte values 
were lower in adult females than in adult males but, 
unlike this study, the authors of this previous work 
did not find that age significantly influenced RBC 
(higher in crias). For the other RBC values moni-
tored in our study, where the means significantly 
differed between crias and adult alpacas, we found 
no similar results in the literature. The same is true 
for WBC parameters, most of these were signifi-
cantly influenced by age in our study but there is 
scarcity of data on this subject for comparison. The 
study from Switzerland (Burri et al. 2005) found 
that most WBC values were not influenced by age 
with the exception of lymphocytes (lower in adults) 
and eosinophils (lower in crias), which corresponds 
with our results. 

Our finding that most haematological indica-
tors were affected by season is difficult to compare 
with the literature as to the best of our knowledge 
no similar study has been carried out on alpacas. 
Similarly to the results of the study on farmed 
guanacos (Zapata et al. 2003), we found that hae-
moglobin was significantly higher in the winter 
feeding period. This may be caused by haemocon-

centration, which probably stemmed from slight 
dehydration caused by reduced access to water or 
decreased intake of water. White blood cell param-
eters were not influenced by season in the previous 
study, while in our study we found differences in 
leucocytes, neutrophils and monocytes. However, 
the level of significance was low and the clinical 
importance of this finding is debatable.

In this study we have confirmed the theory that 
camelids are different from true ruminants in a num-
ber of important characteristics, one of them being 
the fact that most of the leucocytes in alpacas were 
neutrophils, while in other ruminants lymphocytes 
are the predominant leucocyte (Azwai et al. 2007).

CONCLUSIONS

Our study provides reference intervals for hae-
matological indicators in clinically healthy young 
and adult alpacas in Central Europe. We found no 
clinically important differences between males and 
females. The age factor would appear to be the most 
important variable evaluated as we found many 
significant differences between the group of crias 
under six months of age and the older alpacas. We 
suggest that for some indicators different reference 
intervals should be used (esp. WBC, neutrophils 
and lymphocytes) for the two above mentioned 
groups, as in the younger group we found lower 
values of these indicators when compared with the 
older group of alpacas. We found higher values for 
most red blood cell indicators in the winter feeding 
period while the opposite was true for white blood 
cell indicators. 

REFERENCES

Azwai SM, Abdouslam OE, Al-Bassam LS, Al Dawek AM, 
Al-Izzi SAL (2007): Morphological characteristics of 
blood cells in clinically normal adult llamas (Lama glama). 
Veterinarski Arhiv 77, 69–79.

Bogin E (2000): Clinical pathology of Camelides: present 
and future. Revue de Medecine Veterinaire 151, 563–568.

Burri IH, Tschudi P, Martig J, Liesegang A, Meylan M 
(2005): South American camelids in Switzerland. Refer-
ence values for blood parameters. Schweizer Archiv fur 
Tierheilkunde 147, 335–343.

Dawson DR, DeFrancisco RJ, Mix SD, Stokol T (2011): Ref-
erence intervals for hematologic and coagulation tests in 



414

Original Paper	 Veterinarni Medicina, 60, 2015 (8): 407–414

doi: 10.17221/8415-VETMED

adult alpacas (Vicugna pacos). Veterinary Clinical Pathol-
ogy 40, 504–512.

Ellison R, Woodgate B, Schooley J (2006): Haematology and 
biochemistry reference ranges for alpaca. Retrieved on 
April 16, 2014 from http://maxa.maf.govt.nz/sff/about-
projects/search/02-003/5-biochem-and-haem-reference-
ranges.pdf. 

Foster A, Bidewell C, Barnett J, Sayers R (2009): Haematol-
ogy and biochemistry in alpacas and llamas. In Practice 
31, 276–281.

Fowler ME (1998): Medicine and Surgery of South American 
Camelids. 2nd ed. Wiley-Blackwell, Iowa, USA. 550 pp.

Fowler ME (2010): Medicine and Surgery of Camelids. 3rd 
ed. Wiley-Blackwell, Iowa, USA. 630 pp.

Hajduk P (1992): Haematological reference values for al-
pacas. Australian Veterinary Journal 69, 89–90.

Husakova T, Pavlata L, Pechova A, Hauptmanova K, Tichy 
L (2014a): Assessment of selenium status in alpaca. Small 
Ruminant Research 117, 176–182.

Husakova T, Pavlata L, Pechova A, Hauptmanova K, Pitrop-
ovska E, Tichy L (2014b): Reference values for biochem-
ical parameters in blood serum of young and adult 
alpacas. Animal 8, 1448–1455.

Johnson JW, Edmondson MA, Walz PH, Marley MSD, Giv-
ens MD (2010): Comparison of clinical, hematological, 
and virological findings in alpacas (Lama pacos) inocu-
lated with bovine viral diarrhea virus isolates of alpaca 
or bovine origin. Small Ruminant Research 94, 66–72.

Jones ML, Alison RW (2007): Evaluation of the ruminant 
complete blood cell count. The Veterinary Clinics of 
North America – Food Animal Practice 23, 377–402.

Morgante M, Manuali E, Schiano C, Ranucci S (2001): Blood 
mineral concentrations, and erythrocyte glutathione per-
oxidase activity in adult female alpacas raised in central 
Italy. In: Gerke M, Renieri C (eds.): Progress in South 
American Camelids Research. European Association for 
Animal Production Publication, Wageningen Academic 
Publishers, The Netherlands. 281–285.

Passler T, Chamorro MF, Riddell KP, Edmondson MA, van 
Santen E, Cray C, Maxwell HS, Walz PH (2013): Evalua-
tion of methods to improve the diagnosis of systemic 
inflammation in alpacas. Journal of Veterinary Internal 
Medicine 27, 970–976. 

Szakova J, Novosadova Z, Zidek V, Fucikova A, Zidkova J, 
Miholova D, Tlustos P (2012): Effect of diet amended 
with risk elements contaminated soil on risk elements 
content in tissues and hematological parameters of rats. 
Czech Journal of Animal Science 57, 430–441.

Tornquist SJ, Boeder L, Rios-Phillips C, Alarcon V (2010): 
Prevalence of Mycoplasma haemolamae infection in Pe-
ruvian and Chilean llamas and alpacas. Journal of Vet-
erinary Diagnostic Investigations 22, 766–769.

Zapata B, Fuentes V, Bonacic C, Gonzales B, Villouta G, 
Bas F (2003): Haematological and clinical biochemistry 
findings in captive juvenile guanacos (Lama guanicoe 
Muller 1776) in central Chile. Small Ruminant Research 
48, 15–21.

Received: 2014–10–01
Accepted after corrections: 2015–07–14

Corresponding Author: 

Leos Pavlata, Mendel University in Brno, Faculty of Agronomy, Zemedelska 1, 613 00 Brno, Czech Republic
E-mail: leos.pavlata@mendelu.cz


