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Abstract 

 

Over the past decade, cage and aviary birds have dramatically increased in popularity 

as pets. African Grey parrot (Psittacus erithacus) is a species of parrot that belongs to the 

order Psittaciformes of the Class Aves. Grey parrots are very popular pets due to their 

intelligence and their ability to mimic human voices, both in tone and range of each person. 

According to “BirdLife International”, as of 2015 two species of Grey parrots are considered: 

the African Grey parrot (Psittacus erithacus) and the Timneh parrot (Psittacus timneh). The 

most commonly seen in clinical practice is the African Grey parrot (Psittacus erithacus).  

Despite bird species being approximately twice as more as mammal species, studies 

on the hematological parameters of healthy individuals are still scarce in avian species. 

Furthermore, hematological profiles are critical to the understanding of several disease 

processes, being particularly useful as diagnostic tools in clinical practice, since birds tend to 

hide clinical signs of disease.  

The objective of the present work is to evaluate the influence of variability factors 

such as age, sex, diet and sedation on the hematological parameters of healthy African Grey 

parrots and to compare those parameters with the published reference intervals (RI). 

Data from blood samples of African Grey parrot (Psittacus erithacus) healthy 

individuals was collected in Zoològic Veterinaris (Barcelona). Blood samples (n=459) were 

taken during March 2009 to July 2017 from animals (n=239) that were examined in first 

consultations or check-ups. The animals had no alterations in the clinical examination and no 

alterations were found in the serum biochemistry analysis, coprology testing or other tests 

performed. Hematological testing was performed to determine hematocrit (Hct), mean 

hemoglobin concentration (MHC), mean corpuscular volume (MCV), mean corpuscular 

hemoglobin concentration (MCHC), total erythrocyte count (RBC), total leukocyte count 

(WBC), and differential leukogram with absolute and relative counts. All hematological 

testing was performed in an in-house laboratory and sampling and analysis methods remained 

constant throughout the whole study. 

Animals with 0 to 4 years of age showed higher values of Hct (p<0,001), Hgb 

(p=0,023) and RBC (p=0,018) and lower values of MCHC (p=0,008), WBC (p=0,012) and 
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heterophils (p<0,001) than older animals. Monocytes exhibited significant differences 

(p=0,035) between different age groups. Females presented higher values of hematocrit, Hgb 

and RBC (p<0,001) compared to males. Sedated animals showed lower values of WBC 

(p<0,001), heterophils (p=0,006), lymphocytes (p=0,003) and monocytes (p=0,03) but higher 

values of Hgb (p=0,01), MCH (p=0,025) and MCHC (p< 0,001). Additionally,  part of the 

hemograms displayed values outside the RI, namely MCV, WBC and monocyte values. 

Our results suggest that age and sex influence hematological parameters in African 

Grey parrots. Sedation also affects these parameters, and may help to reduce the stress 

associated to blood collection. These results can contribute to the creation of databases that 

would help to establish appropriate RI for this species. 

 

 

Key words: African Grey parrot; Psittacus erithacus; hematological parameters; 

variability factors; reference intervals. 
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Resumo 

 

Na última década, as aves têm sido animais de companhia cada vez mais populares. O 

Papagaio-cinzento (Psittacus erithacus) é uma espécie de papagaio que pertence à ordem 

Psittaciformes e à Classe Aves. A popularidade crescente deste animal como animal de 

companhia deve-se, em grande parte, à sua inteligência e à sua capacidade de imitar vozes 

humanas, quer no timbre, quer na amplitude de voz. De acordo com a associação “BirdLife 

International”, e a partir de 2015, são consideradas 2 espécies de Papagaios-cinzentos: o 

Papagaio-cinzento-do-Congo (Psittacus erithacus) e o Papagaio-cinzento-de-Timneh 

(Psittacus timneh). A mais frequente em clínica é o Papagaio-cinzento-do-Congo designado 

por Papagaio-cinzento (Psittacus erithacus). 

Os parâmetros hematológicos de aves saudáveis não têm sido alvo de estudos tão 

aprofundados como os de mamíferos, apesar de existirem aproximadamente o dobro de 

espécies de aves. Os perfis hematológicos são fundamentais para a compreensão de inúmeros 

processos de doença, sendo particularmente úteis como ferramentas de diagnóstico na prática 

clínica, uma vez que as aves tendem a ocultar sinais clínicos de doença.  

O objectivo do presente estudo é avaliar a influência de factores de variabilidade como 

a idade, sexo, dieta e sedação nos parâmetros hematológicos de Papagaios-cinzentos 

saudáveis e comparar os valores obtidos com os valores de referência estabelecidos.  

Dados de amostras de sangue pertencentes a indivíduos saudáveis da espécie 

Papagaio-cinzento (Psittacus erithacus) foram obtidos na Zoològic Veterinaris (Barcelona). 

As colheitas de sangue (n=459) foram realizadas em animais (n=239) que foram submetidos a 

exame do estado geral em primeiras consultas ou em consultas de rotina durante o período 

compreendido entre março de 2009 e julho de 2017. Os indivíduos não apresentaram 

alterações no exame de estado geral, bem como não demonstraram alterações nos exames 

bioquímicos, coprológicos e outros testes realizados. Foram realizados testes hematológicos 

de modo a determinar o hematócrito, concentração de hemoglobina, volume corpuscular 

médio, hemoglobina corpuscular média, concentração de hemoglobina corpuscular média, 

contagem total de eritrócitos, contagem total de leucócitos, contagem diferencial de 

leucócitos, tanto absoluta como relativa. Todos estes exames foram efectuados no laboratório 

do hospital e as metodologias de colheita e análise foram mantidas constantes ao longo do 

estudo.  
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Verificou-se que os animais com idades compreendidas entre 0 e 4 anos exibiam 

valores mais elevados de Hct (p<0,001), Hgb (p=0,023) e RBC (p=0,018), e valores mais 

baixos de MCHC (p=0,008), WBC (p=0,012) e heterófilos (p<0,001) quando comparados 

com os animais mais velhos. Os monócitos mostraram diferenças significativas (p=0,035) 

entre diferentes idades. Relativamente ao sexo, as fêmeas apresentaram valores mais elevados 

de hematócrito, Hgb e RBC (p<0,001) quando comparadas com os machos. Animais sedados 

tinham valores mais baixos de WBC (p<0,001), heterófilos (p=0,006), linfócitos (p=0,003) e 

monócitos (p=0,03), mas valores mais elevados de Hgb (p=0,01), MCH (p=0,025) e MCHC 

(p< 0,001). Uma porção dos hemogramas mostrou valores fora dos valores de referência, 

nomeadamente MCV, WBC e valores de monócitos.  

 

Palavras-chave: Papagaio-cinzento; Psittacus erithacus; parâmetros hematológicos; 

factores de variabilidade; intervalos de referência. 
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1. Introduction and Aim of the Study 

 

Hematology is the field of medical science that studies the blood and blood-forming 

tissues, and is currently considered an integral part of clinical laboratory diagnostics in avian 

medicine. Despite hematology testing not providing an etiological diagnosis, it does, 

however, provide information that is vital to asses an individual health state, to monitor the 

progression of disease, to evaluate the response to therapy and to offer a prognosis (Samour, 

2006). Clinical hematology profiles are useful diagnostic tools in clinical practice that are 

particularly important for birds because they tend to hide the clinical signs of disease (Han et 

al., 2016). In addition, the creation of hematology databases is important in establishing 

reference values for various avian species (Samour, 2006). Current reference intervals for 

avian red blood cell (RBC), hematocrit (Hct) and hemoglobin (Hgb) vary significantly among 

reports and among species sampled. Greater seasonal variability has been reported among 

certain species of wildlife, related to molting, reproduction and food supply. Most reports of 

pet bird blood reference intervals do not state age or sex distinctions. Furthermore, most of 

these studies consist of physically mature subjects (Fudge, 2000a). This leads to a lack of 

comprehensive pediatric hematology guidelines which challenge the clinician, because 

anemic states occur in neonates and nestlings owing to management and nutritional problems 

as well as to some infectious diseases (Fudge, 2000a). 

During the externship in Zoològic Veterinaris, an exotic animal medicine practice in 

Barcelona, Spain, the lack of reference intervals for hematological parameters for different 

groups began to interest the author. As time went by, it was also noticed that not much had 

been reported regarding this subject. For this reason, the author decided that it would be 

helpful to explore this subject in an avian specie that is popular as a companion animal - the 

African Grey parrot (Psittacus erithacus). Over 2000 clinical files in Catalan belonging to 

African Grey parrots consulted between March 2009 and July 2017 were analysed. The data 

was compiled into an excel file in order to select adequate individuals for this study.  

The objective of this dissertation is to evaluate how age, sex, diet and sedation affect 

the hematological parameters of healthy Psittacus erithacus, and to compare the values with 

the reference intervals described for this species. 
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2. A Brief Introduction to Psittacine Species 

 

In the class Aves there are more than 9000 species of birds belonging to 199 different 

families (Clark et al., 2009c). Among these families, lays the family Psittacidae, which 

contains 370 species of parrots in 85 genera, including the African Grey parrot (Psittacus 

erithacus), the subject of this study (Roskov et al., 2017). Generally speaking, avian species 

have adapted morphologically, functionally and physiologically to live in every kind of 

environment (Clark et al., 2009c). 

The oldest known fossil of a cockatoo has been found in Australia, which makes 

researchers believe that Psittaciformes have evolved from there. It is believed that 60 million 

years ago, parrots diverged from other birds in the Palaeocene. Psittacine species have 

morphological characteristics that make them incredibly agile arboreal climbers, namely 

zygodactyl feet, with digits II and III directed forward and I and IV directed backwards, as 

well as unmistakable characteristically short necks and large heads with powerful, hooked 

beaks. These features are amongst several that make these avian species not closely related to 

other orders of birds (Coles, 2005). 

Nowadays, parrots inhabit in tropical and subtropical regions (Coles, 2005). Regarding 

size, parrots range from pygmy parrots (Micropsitta pusio) (Figure 1), which weight 10 

grams, to Hyacinth macaws (Anodorhynchus hyacinthinus) (Figure 2) which can weight up to 

3 kilograms (Coles, 2005; Marion and Carpenter, 2013). Regarding sexual dimorphism, it is 

not as evident in African species, for example in the case of African Grey parrot (Psittacus 

erithacus), as it is in Australian and Asian parrots (Coles, 2005). 
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Figure 1 – Pygmy parrot (Micropsitta pusio). Adapted from BBC, 2014. 

 

 

Figure 2 – Hyacinth macaws (Anodorhynchus hyacinthinus). Gaspar, 2017. 

 

 

2.1. Taxonomy  

 

African Grey parrot (Psittacus erithacus) is the largest species of parrots in Africa 

(Tully Jr, 2009), that belong to the Kingdom Animalia, Phylum Chordata, Class Aves, Order 

Psittaciformes, Family Psittacidae, and Genus Psittacus (Roskov et al., 2017).  
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Up until 2012, ornithological authorities agreed that the species Psittacus erithacus 

comprised two subspecies; Psittacus erithacus timneh and Psittacus erithacus erithacus. In 

2012, the International Union for Conservation of Nature (IUCN) taxonomic committee 

recognized Timneh parrots (P. timneh) as a separate species. This new taxonomy is yet to be 

recognized by the Convention on International Trade in Endangered Species of Wild Fauna 

and Flora (CITES) Nomenclature Specialist. Currently, there are only two species belonging 

to the Genus Psittacus - Psittacus erithacus and Psittacus timneh (IUCN, 2016). While the 

African Grey parrot (P. erithacus) has a black beak, red tail and grey feathers, the Timneh 

parrot (P. timneh) is smaller and darker, with a horn-coloured beak and a dark maroon tail 

(Doneley, 2016a; Harcourt-Brown, 2009). The Figure 3 and Figure 4 illustrate the difference 

species belonging to the Psittacus Genus. 

African Grey parrots are animals with a high life expectancy that have an unparalleled 

ability to imitate human speech and inanimate objects (IUCN, 2016; Tully Jr, 2009). 

Naturally, this makes them one of the most popular avian pets in Europe, United States and 

the Middle East (Doneley, 2016a; IUCN, 2016; Tully Jr, 2009). 

 

 

Figure 3 – African Grey parrot (Psittacus erithacus). Adapted from Lmbuga, 2007. 
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Figure 4 – Timneh parrot (Psittacus timneh). Adapted from Snowmanradio, 2007. 

 

 

2.2. Conservation  

 

Historically, this species has been traded since the 1870’s (Annorbah et al., 2016). In 

1975, Psittacus erithacus princeps was included on the CITES Appendix I due to concerns 

about international trade. The remaining subspecies of Psittacus erithacus, were added to 

Appendix II in 1981, together with rest of the Psittacidae Family. In 1994, due to lack of 

evidence that P. e. princeps was a valid subspecies, it was removed from the CITES listing. 

Throughout the years, there have been several changes to the CITES Review of Significant 

Trade of the Genus Psittacus which ultimately led to their new status in the CITES Appendix 

I (IUCN, 2016). 

The export quotas for this species are probably being exceeded, which leads to a need 

for better tracking and less exporting (Hart et al., 2016). For example, in Ghana it is estimated 

that the decline over the last two decades exceeds 90% (Annorbah et al., 2016; Daendliker et 

al., 1992). As of 2016, this species has been up listed from Vulnerable to Endangered in the 

IUCN Red List, due “to the extent of the annual harvest for international trade, in 

combination with the rate of ongoing habitat loss, means it is now suspected to be undergoing 

rapid declines over three generations (47 years)” (IUCN, 2016). 
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2.3. Habitat 

 

The parrots of this species usually live in dense lowland rainforest, spending nearly all 

their time in the treetops (Coles, 2005; Likoff, 2007). The African Grey parrot is an adaptable 

species and takes advantage of large oil palm plantations in West Africa because these trees 

provide nesting sites and a rich and reliable food source - oil palm nuts (Coles, 2005; Likoff, 

2007). 

 

 

2.4. Biologic Characteristics 

 

Parrots are well-known for their loud vocalizations. Their vocalization is used in the 

wild to maintain flock cohesion, to reinforce social bonds and to give warning of danger 

(Coles, 2005). 

Regarding breeding, the literature states that they usually breed during the dry season 

in the wild (from July to January) (Likoff, 2007), however there isn’t much information 

regarding breeding in captivity. In the wild, they live in tree cavities 10 to 30 meters above 

the ground. The females lay 2 to 4 eggs on a bed of wood dust at the bottom of the nest hole 

and incubate the clutch (Coles, 2005; Likoff, 2007). The chicks hatch between 26 to 28 days 

and during this time, the male brings food to the female. The newborns fledge at 2 to 3 

months (Coles, 2005; Likoff, 2007; Marion and Carpenter, 2013). They reach sexual maturity 

between 4 and 6 years of age (Marion and Carpenter, 2013). Their life expectancy is around 

30 years (Likoff, 2007), although some authors report individuals in captivity of up to 60 

years of age (Doneley, 2016a; Marion and Carpenter, 2013). These animals live in groups of 

up to 30 birds and their diet is based in fruits and seeds (Coles, 2005; Likoff, 2007). 

Regarding weight, normal values vary between 370 grams and 534 grams (Doneley, 2016a; 

Marion and Carpenter, 2013). 
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2.5. Geographic Distribution  

 

The African Grey parrot (Psittacus erithacus) has a distribution that extends from 

south-eastern Cotê d’Ivoire east through the moist lowland forests of West Africa to 

Cameroon, and in the Congo forests to east of the Albertine Rift in Uganda, Kenya and 

Tanzania, and south to northern Angola as well as the in the archipelago of São Tomé and 

Príncipe and Bioko (Equatorial Guinea) (IUCN, 2016). The geographic distribution of the two 

species of parrots is shown in Figure 5 and, as it is possible to observe, the Timneh parrot has 

a more limited distribution. Preliminary calculations of this species, subtracting estimates for 

Timneh parrots (Psittacus timneh), indicate a population of 560000 to 12.7 million individuals 

(IUCN, 2016). 

 

Figure 5 – Geographic distribution of P. erithacus (in red), P. timneh (in green) and where they 

overlap (in yellow). Adapted from MapChart, 2016. 
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3. Avian Hematology 

 

The examination of blood samples is an important complementary test in the 

diagnostic process (Campbell, 2015a; Doneley, 2016b; Jones, 2015). The most common 

procedures in avian hematology will be addressed, namely handling, venepuncture sites, 

blood collection methods, blood smear, commonly used stains and common methods of blood 

cell count. 

 

 

3.1. Handling, Blood Sample Collection and Blood Film in Avian 

Medicine  

 

In this section, the sites for vascular access in birds will be presented, followed by 

handling techniques, blood sample collection, volume of blood sample, tubes for the sample 

and blood film technique. 

 

3.1.1. Venepuncture Sites in Birds 

 

There are a variety of sites for blood collection in birds. The site chosen depends upon 

the preference of the collector, volume of blood needed, physical condition of the patient and 

the species. Blood obtained by venepuncture is used for hematological studies because it is 

the easiest to obtain (Clark et al., 2009c; Doneley, 2016b). However, under some 

circumstances samples from arterial or capillary blood can be collected (Clark et al., 2009c). 

The jugular vein arises from the confluence of the cranial and caudal cephalic veins. 

The right jugular vein is usually larger than the left jugular vein. It is an essential vascular 

access point in many species of birds (Clark et al., 2009c). Its visualization is easy by parting 

the feathers in the apterium (which is an area without feathers) of the neck. The right jugular 

vein is quite movable and is surrounded by a large subcutaneous space that prompts it to 

hematoma formation, so it is best to hold the skin of the parrot’s neck to puncture correctly at 
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the first try. This method is the most recommended for phlebotomy in Psittaciformes and 

companion birds because it is more easily accessible, allows for a rapid collection time, it lies 

underneath an apterium and experienced technicians can perform it alone. With proper 

attention to technique and hemostasis, the tendency for hematoma formation in this site is 

minimized (Chitty, 2005; Clark et al., 2009c; Doneley, 2016b). 

Occasional small hemorrhage from the nares is considered normal after venepuncture. 

This follows blood from the jugular vein entering the cervicocephalic air sac (an extension of 

the infraorbital sinus) after inadvertent rupture or tearing during blood collection. This 

hemorrhage is rarely significant; however anecdotal reports suggest that birds with a 

coagulopathy can suffer a fatal hemorrhage (Doneley, 2016). 

The basilic vein is the largest vein of the pectoral limb and passes along the medial 

surface of the triceps brachial muscle. This vein is a good access point to the vascular system 

because it can easily be visualized by extending the pectoral limb and wetting the area with 

alcohol. Since this area is prone to hematoma formation, digital pressure should be applied 

immediately after the phlebotomy (Clark et al., 2009c). 

The medial metatarsal vein is recognizable along the metatarsus in many species of 

birds. It provides convenient access in birds with legs of adequate size and length. However, 

in smaller birds it might be difficult to differentiate the tarsal and tibial veins due to the 

vessels proximity (Clark et al., 2009c). In Psittaciformes, the tarsometatarsi is quite short, so 

the metatarsial vein is best accessed when it crosses over the hock (Clark et al., 2009c). 

The occipital sinus is a vascular space containing venous blood, within the dura 

mater. This site is not recommended for routine blood collecting due to hemorrhage risk. 

When this technique is used, the bird should be anesthetized and should be performed only 

when the animal is going to be euthanized (Clark et al., 2009). 

Cardiac puncture is potentially dangerous and should be reserved for blood 

collection in avian species used for research or prior to euthanasia. It can be useful to collect 

large volumes of blood. It can be used a lateral or an anterior approach. The lateral approach 

is used mostly in Galliformes and is performed by inserting the needle at the fourth intercostal 

space near the sternum, and angling the needle towards the dorsal midline. The anterior 

approach is achieved by inserting a needle along the ventral floor of the thoracic inlet, 

directing the needle toward the dorsal midline and caudal towards the heart (Campbell, 

2015a). 
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Capillary blood, such as the toenail clip is the least desirable method of blood 

collection because of the contamination with debris and uric acid from the bird’s droppings, 

increased likelihood of the sample clotting, abnormal cell distribution, cellular debris, and 

sometimes osteoclasts and osteoblasts and non-hematic cells from accidental biopsy of the 

third phalanx (Campbell, 2015a; Doneley, 2016b).  

 

3.1.2. Handling 

 

The basic requirement for hematology blood collection is to collect sufficient non-

hemolysed blood without endangering the avian patient. Other requirements include correctly 

storing the blood sample and making fresh blood films without damaging the fragile 

nucleated erythrocytes (Bellwood and Andrasik-Catton, 2014; Doneley, 2016b). 

All blood samples should be obtained by or under the supervision of a veterinarian 

who is experienced with avian venepuncture. The assistant should also be comfortable with 

restraint and handling techniques (Samour, 2006). 

The restraint of avian patients should be performed safely and quickly, both for the 

safety of the avian patient and for the safety of the handler. The stress associated with the 

restraint of the avian patient, especially those that are not accustomed to being handled, can 

further compromise the health of the patient and may affect the hematological indices (Best, 

2005; Campbell, 2015a). Regarding safety, handlers should be aware of the defence 

mechanisms of birds as well as the zoonotic potential (Clark et al., 2009c). It is important to 

keep in mind that the bird’s claws are sharp and their powerful beaks can cause deep 

lacerations and crush injuries on fingers during the restraining of the birds for blood collection 

(Campbell, 2015b; Clark et al., 2009c). 

The birds should be held in a way that allows them to move the keel or sternum. It is 

important to take into consideration that birds don’t have diaphragm, so preventing excessive 

restraint around the body in order to avert asphyxiation is vital. The assistant’s non-dominant 

hand should hold the head and neck of the parrot and the dominant hand should hold the 

body, wings and posterior limbs to prevent injury, while the phlebotomist draws the blood 

sample (Best, 2005; Campbell, 2015a; Clark et al., 2009c; Tully Jr, 2009). 

 



CHAPTER I – INTRODUCTION 

12 

3.1.3. Blood Sample Collection 

 

Avian veins have very thin walls and tear easily; care must be taken to prevent 

accidently tearing the vein wall because it might lead to fatal hemorrhage in a short period of 

time. This happens because the rate at which avian thrombocytes deposit the blood clot is 

slower than mammalian platelets (Doneley, 2016b; Hodges, 1979). 

To aid visualization of the vein, the feathers overlying the site may be dampened with 

70% ethanol. However, contamination of the blood with excess alcohol should be avoided 

because it may cause hemolysis (Clark et al., 2009c). 

A needle of 23 to 24 gauge attached to a 3 mL syringe is recommended to perform 

venepuncture of the vein (Campbell, 2015a). A thin needle is ideal to minimize iatrogenic 

trauma to the blood vessel, taking into account that the smaller the gauge, the more likely it is 

to occur hemolysis during blood collection. Once the needle is inside the vein at a 15º, 

negative pressure should be applied, but it is best to avoid excessive negative pressure to 

prevent the vessel from collapsing and hemolysing the sample (Campbell, 2015b; Clark et al., 

2009c; Doneley, 2016b). 

After the phlebotomy, it is advisable to apply digital pressure to the venepuncture site 

for 30 to 60 seconds to minimize hematoma formation (Clark et al., 2009c; Doneley, 2016b). 

All blood samples should be collected into syringes containing no anticoagulant 

(Campbell, 2015a).  

 

3.1.4. Volume  

 

Estimates of the total blood volume in birds range from 6 to 12 mL per 100 g 

(approximately 6 to 12% of the body weight). Using 10% as an estimate of total blood 

volume, blood samples representing 1% or less of a bird’s body weight can usually be 

withdrawn from a healthy bird without detrimental effects, for example 1 mL per 100 g of 

body weight (Campbell, 2015a; Clark et al., 2009c; Doneley, 2016b). 

The sample size taken from severely ill animals is reduced to avoid further 

compromising of the health of the patient (Campbell, 2015a; Clark et al., 2009c).  
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3.1.5. Tubes 

 

After the blood collection, the sample is stored in with tubes with an anticoagulant to 

prevent sample clotting (Campbell, 2015a; Doneley, 2016b). Sodium 

ethylenediaminetetraacetic acid (EDTA) provides the best preservation of avian cell 

morphology (Clark et al., 2009c). The amount of blood placed in each tube should be done 

according to the manufacturer’s guidelines, underfilling a blood tube leads to sample dilution 

by the anticoagulant and overfilling leads to a coagulated sample (Bellwood and Andrasik-

Catton, 2014). 

Anticoagulated blood tubes should be gently inverted a few times immediately after 

collection. Blood tubes rockers are also useful for this purpose (Bellwood and Andrasik-

Catton, 2014). Hematological testing is made as soon as possible after blood collecting to 

avoid artefacts such as cell smudging created by continued contact with the anticoagulant 

(Clark et al., 2009c). 

 

 

3.2. Laboratory Procedures in Avian Medicine 

 

In this section, the laboratory procedures performed in avian medicine will be 

presented. Firstly, the blood film technique, then the staining technique, and finally the avian 

complete blood count. 

 

3.2.1. Blood Film Technique 

 

Two fresh blood films should be the first thing to do after phlebotomy, with 

uncoagulated blood directly from the syringe. The blood film is probably the most important 

blood sample the clinician prepares for routine analysis. Although technological advances in 

automated cell analysis are available, it does not diminish the importance of visual 

observation of the cell’s morphology and distribution (Fudge, 2000a). 
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A properly stained blood film is a key part of the hematological examination because 

it allows the opportunity to determine the differential leukocyte count and the assessment of 

pathological abnormalities of the various blood cells. A blood film has to contain areas with a 

cellular monolayer with evenly distributed intact blood cells and should be thin enough to 

allow the transmission of light (Bellwood and Andrasik-Catton, 2014; Campbell, 2015c; 

Clark et al., 2009c). 

Avian blood cells are easily ruptured with improper blood film preparation techniques 

(Fudge, 2000a). Disruption of hematological cells in various levels is common. Lysed cells 

are often encountered, from mild rupture of the cell’s membrane to destruction of the cell, 

rendering it unrecognizable (“smudge cells”) (Clark et al., 2009a; Fudge, 2000a). 

Subsequently, precleaned bevel-edged microscope slides to minimize cell damage should be 

used during blood film preparation (Campbell, 2015c). 

There are several methods that can be used to make a blood film: the slide to slide 

method, the two slide “cross” method, the coverslip and slide method and the two coverslip 

method (Campbell, 2015a; Clark et al., 2009c; Fudge, 2000a). 

The slide to slide method is suitable for mammalian and avian blood film preparation. 

A drop of whole blood is placed on the end of a slide. To produce a blood film using this 

method, the operator should move the spreader slide backward to gently touch the drop of 

blood, allowing it to run across the edge of the slide. Then, move forward to make a film 

(Figure 6) (Campbell, 2015a). 

 

 

Figure 6 – Making a blood film using the slide to slide method. Adapted from Clark et al., 2009c. 
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The slide to slide method provides good cellular distribution and adequate monolayer 

fields for slide evaluation. However, the cells are often distorted in the margin. Optimal cell 

morphology is found in the monolayer part of the film, however the size of this region 

depends on the Hct (hematocrit) of the individual and the operator’s technique (Campbell, 

2015c; Clark et al., 2009a). 

In the coverslip to slide technique, the coverslip is placed onto the drop of blood, 

perpendicularly into the slide (Figure 7). Pressure is applied downward and then the slide and 

coverslip are moved in opposite directions (Samour, 2006). 

 

Figure 7 – Making a blood film using the coverslip to slide method. Adapted from Clark et al., 2009c. 

 

The other methods are illustrated below in Figures 8 and 9. 
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Figure 8 – Making a blood film using the two slide “cross” method. Adapted from Clark et al., 2009c. 

 

 

Figure 9 – Making a blood film using the coverslip method. Adapted from Clark et al., 2009c. 

 

The blood film is then air dried before staining for hematological examination 

(Campbell, 2015a; Samour, 2006). Rapid drying such as using an air dryer will cause 

distortion of the cells (Bellwood and Andrasik-Catton, 2014). 
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3.2.2. Staining Technique 

 

Stains commonly used for staining air-dried avian blood films are Romanowsky stains, 

which include Wright, Wright-Giemsa, Wright-Leishman and May Grünwald–Giemsa 

staining methods. The most used in avian medicine for blood cell evaluation are Wright or 

Wright-Giemsa (Campbell, 2015a). Several quick stains or modified Wright’s stains are 

commercially available and are used to stain avian blood films. Quick stains are widely used 

in in-house laboratories for blood films and other cytologies for their fast and easy to-use 

properties (Clark et al., 2009c). Quick stains consist of three solutions: the first one is a 

fixative solution, of 95% methanol, the second one, eosin, has an acidic pH and stains cell 

cytoplasm and eosinophilic granules, finally the third one, methylene blue, has an alkaline pH 

and stains the nuclei of the cells (Bellwood and Andrasik-Catton, 2014). 

All of these stains impart a basophilic colour to the nucleic acids and the cytoplasm 

granules of basophils and an eosinophilic colour to the hemoglobin-containing cytoplasm of 

erythrocytes and the cytoplasm granules of heterophils and eosinophils (Clark et al., 2009a). 

The quality of the staining varies with the type of stain used, within batches of the 

same brand of stain, with the technique (manual or automatic), fixation and time elapsed 

between the production of the blood film and its staining. The greatest differences are usually 

in fine cellular detail, such as the colour shades of the cytoplasmatic granules (Clark et al., 

2009c). 

Quick stains have the advantage of modifying the intensity of the stain according to 

the operator’s preference, by increasing the number of “dips” of the blood film in the desired 

solution (Campbell, 2015d; Clark et al., 2009c). In the end, the staining qualities of the film 

are the same as in the Wright-Giemsa stain (Campbell, 2015d). 

Automatic stainers simplify the staining method because of the consistency they 

provide, giving high quality results when compared to hand-staining methods (Campbell, 

2015a). However, they are not frequently used in veterinary practice settings because of their 

cost (Clark et al., 2009c). 
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3.2.3. Avian Complete Blood Count 

 

Following the general aspects of blood collection and staining, the laboratory 

procedures involved in the avian complete blood count will be presented.  

The avian complete blood count represents a collection of tests that contain 

quantitative, qualitative and morphological procedures to analyse cellular elements, in 

addition to selected plasma tests. These tests are easily performed in a veterinary hospital 

setting, providing rapid and cost-effective health assessment (Fudge, 2000b). 

Different methods can be used to perform an avian blood count. These methodologies 

differ in their cost, ease of performance and reproducibility, but they all provide useful 

clinical information, when consistent procedures are used (Fudge, 2000b). 

The complete blood count is an important test in determining many disease states in 

birds. The erythrocyte assessment is made through the determination of: the hematocrit; total 

erythrocyte count (RBC); hemoglobin concentration (Hgb), erythrocyte indices and 

erythrocyte morphology. The leukocyte assessment is made through: the total white blood cell 

count (WBC), the leukocyte differential count and the morphology of the leukocytes 

(Doneley, 2016c).  

Controlled hematological studies usually involve stable populations, standardized 

sampling techniques and a quick and skilled analysis. It is important to control the variables to 

reduce the induced laboratory error (Fudge, 2000b). 

 

3.2.3.1.  Pre-analysis Considerations 

Ideally, hematological analyses should be performed 3 to 4 hours after blood 

collection. If this is not possible, the blood samples should be refrigerated between 8 to 12ºC. 

Refrigerated samples are not ideal, as the cells suffer some changes, however, an experienced 

hematologist will be able to differentiate these changes from pathological alterations (Samour, 

2006). 
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3.2.3.2. Hematocrit  

Hematocrit (Hct) is the volume of erythrocytes in the blood volume. It is an important 

hematologic assay because it provides an easy and objective way of estimating the number of 

erythrocytes in the sample. It is measured in L/L or percentage. There are two methods to 

determine its value, manual or automated.  

The manual method, also called microhematocrit, is measured directly from a capillary 

tube which is centrifuged to cause blood separation into RBC, buffy coat and plasma (Fudge, 

2000b). This method is the gold standard for Hct determination in hematology (Gebretsadkan 

et al., 2015) and therefore, the recommended method to assess Hct in avian species (Samour, 

2006). The higher the value of Hct, the longer the sample needs to centrifuge to cause 

separation (Fudge, 2000b).  

When using the automated method, the hematocrit is calculated from measured mean 

corpuscular volume (MCV) and red blood cell count (RBC). Technically, the calculated 

hematocrit is more precise than the microhematocrit, but there are no studies in avian species 

to prove this (Gebretsadkan et al., 2015). When procedures, cell quality and calibration are 

standardized, both the calculated hematocrit and the microhematocrit should be equivalent 

(Fudge, 2000b).  

 

3.2.3.3. Red Blood Cell Count 

There is no standardized method of cell-counting in laboratories that perform avian 

complete blood cell counts (Fudge, 2000b). The methods that are used to evaluate avian 

erythrocyte are manual, although some experimental automated methods (electronic particle 

counters) have been reported (Campbell, 2010; Fudge, 2000b).  

Two methods can be used to perform manual blood cell count: the Natt and Herrick 

(NH) method and the Eosinophil Unopette (Campbell, 2015b).  

The Natt and Herrick method (NH) consists of a stain, methyl violet 2B, which is 

absorbed by the blood cells. A 1:200 dilution of the blood is made using this solution, with a 

blood diluting pipette (Campbell, 2015e; Fudge, 2000b). After mixing for a few minutes, the 

diluted blood mix is discharged into a Neubauer hemocytometer and the cells are allowed to 

settle for 5 minutes before counting. The erythrocytes located in the four corners and the 

central square of the hemocytometer chamber are counted (Figure 10). The obtained number 
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is multiplied by 10 000 to calculate to the total red blood cell count per cubic millimetre 

(mm
3
) or millilitre (ml) (Campbell, 2015e; Fudge, 2000b). 

 

 

Figure 10 – A Neubauer hemocytometer. The erythrocytes are counted in the dark grey squares. 

Adapted from Samour, 2006. 

 

The Unopette method is a commercially available kit. It provides a capillary tube and 

not a pipette, which makes the process easier. In the tube, the blood is mixed with a solution. 

After mixing, the blood is discharged into the Neubauer hemocytometer and the cells are 

allowed to settle for 5 minutes. The counting is performed in the same way as the Natt and 

Herrick method (Campbell, 2015e; Fudge, 2000b). 

Both methods are used frequently in clinical practice (Campbell, 2015e). 

In the two methods, the two Neubauer chambers should be charged with the same 

blood sample. The duplicates are averaged and if the two sides don’t agree with each other 

within 15%, the procedure should be repeated from the start (Campbell, 2015e). 

Both the Unopette and the NH methods require strict attention to timely counting. It 

should also be noted that all manual methods have an inherent error of 10% (Campbell, 

2015e). 
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Unopette and NH methods are also affected by dehydration of the fluid in the counting 

chamber. Lower counts happen with older, deteriorating samples. Despite the NH method 

being preferred in zoologic parks and other institutions (Campbell, 2015e; Fudge, 2000b), 

there is some controversy about which method has more variability (Dein et al., 1994, 1988). 

3.2.3.4. Hemoglobin Determination 

Hemoglobin concentration in avian species is hampered by the presence of nuclei in 

the erythrocytes, so this parameter estimation relies on the colorimetric measurement of 

hemoglobin released after the lysing of the erythrocytes. Hemoglobin concentration can be 

determined by automatic or manual methods (Fudge, 2000b; Samour, 2006). 

Commercial laboratories that estimate Hgb concentration using an automatic 

hematology analyser have to take into consideration the photometric interference of the free 

nuclei after hemolysis (Samour, 2006). Each laboratory should develop its own reference 

intervals for this Hgb concentration. Lysed cells, hemoparasites and lipemic sample can affect 

the value of Hgb. Standardized automated Hgb determination is more accurate than to 

calculate its value (Fudge, 2000b). 

In the manual method, after the lysing of the erythrocytes, the nuclei are removed 

because its presence causes unreliable results (Campbell, 2015e; Polo et al., 1998). The nuclei 

can be deposited by low speed centrifugation, but because some hemoglobin remains attached 

to the nuclei, colorimetric readings are lower than normal. This can be overcome by 

estimating Hgb concentration as cyanmethemoglobin using alkaline Drabkin’s cyanide-

ferricyanide solution or as oxy-hemoglobin using ammonia solution. With the Drabkin’s 

solution, the hemoglobin is oxidized by potassium ferricyanide into methemoglobin, which is 

converted into cyanmethemoglobin, by potassium cyanide (Polo et al., 1998; Spinreact, 

2012). When using the ammonia solution, ammonium hydroxide is used to hemolyse the 

erythrocytes and convert the hemoglobin to oxyhemoglobin for measurement in the 

spectrophotometer. With either solution, estimation is carried out using a spectrophotometer 

at 540nm (Campbell, 2015e; Fudge, 2000a; Jones, 2015; Samour, 2006). The intensity of the 

colour formed is proportional to the hemoglobin concentration in the sample. A calibration 

graph should be made using commercially available hemoglobin standards (Samour, 2006). 

Samour (2006) recommends that hemoglobin estimation should be obtained by estimating 

directly the value of oxy-hemoglobin with a commercially available hemoglobinometer. 
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3.2.3.5. Red Blood Cell Indices 

Red blood indices are parameters which provide vital information about the size of 

erythrocytes and their hemoglobin content. 

Mean Corpuscular Volume (MCV) 

Mean corpuscular volume (MCV) is the expression of the average volume of 

individual erythrocytes. It is usually expressed in femtolitres and is calculated with the 

following formula (Clark et al., 2009c): 

MCV (fL)=
Hct ( L L⁄ )

RBC Count ( 10
6

µL⁄ )
 ×1000 

Mean Corpuscular Hemoglobin (MCH) 

Mean corpuscular hemoglobin (MCH) is the expression of the average hemoglobin 

content of a single erythrocyte. It is usually expressed in picogram and is calculated with the 

following formula (Clark et al., 2009c): 

MCH (pg)=
Hgb( g L)⁄

RBC Count( 10
6

µL⁄ )
 

Mean Corpuscular Hemoglobin Concentration (MCHC) 

Mean corpuscular hemoglobin concentration (MCHC) is the expression of the volume 

within the erythrocyte that is occupied by hemoglobin. It is usually expressed in grams per 

decilitre calculated with the following formula (Clark et al., 2009c): 

MCHC (g/L)=
Hgb ( g L)⁄

Hct (L L⁄ )
 

Although published reference intervals are available for the erythrocyte indices for 

various avian species, the assessment of abnormal values has not been properly evaluated in 

Psittacus erithacus (Campbell, 2015a). 

 

3.2.3.6. Total White Blood Cell Count 

The avian total white blood cell count (WBC) is a very important tool to assess the 

patient’s health state and response do disease or injury (Doneley, 2016c). 
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The WBC count in avian species can be done in one of three ways; with a manual 

estimated count from a blood film, with a manual count with a stain in a hemocytometer or 

with an automated count (Doneley, 2016c). However, significantly differences may occur 

between the manual absolute count and relative microscopic leukocyte differential count and 

the automated techniques (Post et al., 2003).  

The WBC is expressed in cells per microliter or cubic millimetre (Campbell, 2015e; 

Doneley, 2016c). 

Estimated Total White Blood Cell Count from Blood Film 

The estimated total leukocyte from blood film is a method that doesn’t vary according 

to anticoagulants, diluents and shipping time. One controlled study compared estimated total 

leukocyte count from blood film and from an hemocytometer count and concluded that there 

is less variability under ideal conditions in the latter (Fudge, 2000). However, under less than 

ideal conditions the leukocyte estimate from blood film can actually provide more reliable 

information (Fudge, 2000b). 

To estimate the total white blood cell count (WBC) from a blood film, the following 

formula is used (Fudge, 2000b): 

TWBC/mm3= 
Raw leukocyte count

Number of high power fields
 ×2000. 

Total Leukocyte Count with Hemocytometer 

The avian total white blood cell counting is obtained, most frequently, using the 

hemocytometer (Figure 11), with either the semi-direct method or the direct method 

(Campbell, 2015e; Fudge, 2000b).  

The semi-direct method is the Unopette method. It involves the staining of 

heterophils and eosinophils with a stain called phloxine B, which is also a diluent. The mix of 

the stain and blood is charged into a hemocytometer, and the granulocytes stain red. An 

absolute heterophil and eosinophil count is obtained taking into account the dilution factor 

and number of squares used for counting in the hemocytometer. Because other leukocytes are 

not counted, they must be factored into the total leukocyte count after obtaining a leukocyte 

differential from a stained blood film (Campbell, 1994).  

To determine the total white blood cell count (WBC) using this method, the following 

formula is applied: 
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TWBC/mm3=
number of cells counted × 1778

% heterophils+% eosinophils
. 

The manual direct method for obtaining a total leukocyte count is the Natt and 

Herrick’s method, which was explained previously in the red blood cell count. In this 

method, a diluting pipette is used. The total leukocyte count is obtained by counting the dark 

blue cells, which are leukocytes, in nine large squares of the hemocytometer. The only 

disadvantage is that sometimes it is difficult to differentiate thrombocyte from lymphocytes 

(Campbell, 1994; Samour, 2006). The following formula is used to calculate the total white 

blood cell count with the NH method (Campbell, 1994; Samour, 2006): 

WBC mm3⁄ =
(total leukocytes in 9 squares)×10×200

9
 

Or simplified to:  

WBC mm3⁄ =(total leukocyte in 9 squares+10% of total WBC)×200. 

 

 

Figure 11 – Neubauer hemocytometer. The WBC are counted in the 9 large squares, like the one 

colored in red. Adapted from Zephyris, 2007. 
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In both methods, the two Neubauer chambers should be charged with the same blood 

sample. The duplicates are averaged and if the two side don’t agree with each other within 

15%, the procedure should be repeated from the start (Campbell, 2015d). 

Automated Total White Blood Cell Count 

Automated hematology analysers in veterinary laboratories are a relatively recent 

addition (Doneley, 2016c; Fudge, 2000b). Since avian species contain nucleated erythrocytes, 

the impedance counters cannot be used to count avian leukocytes (Fudge, 2000b). The fact 

that these animals have an erythrocyte with a similar size to leukocytes, and thrombocytes 

presents an additional challenge (Campbell, 2015e). 

A study was made using high-throughput image cytometry in psittacine blood film, 

with acceptable results (Beaufrère et al., 2013). 

Laser flow cytometric technology has provided the opportunity to count leukocytes in 

avian patients. A stream of leukocytes passes through an opening and is struck by a laser 

beam. Different leukocytes provide different degree and angle of refraction, so according to 

this, the software sorts and categorizes the different cells (Fudge, 1995). Although this 

technology seems promising, it is not yet ready for everyday applications (Fudge, 2000b). 

Automated methods tend to over count monocytes and undercount basophils when 

compared to manual methods, in avian blood. However, since there are no differences in the 

mean percentage of heterophils and lymphocytes, this is a suitable method for determination 

of the heterophil to lymphocyte ratio (Campbell, 2015e). 

 

3.2.3.7. Leukocyte Differential Count 

The leukocyte differential count in avian species is made through analysis of the blood 

film. The recommended area to identify leukocytes is the shoulder of the blood film, which is 

the edge of the oval-shaped end of a film (Figure 12). This area is the one where all the cells 

are in one layer, meaning that there is no overlap between the cells. It is also in this stage that 

the cellular morphology is observed (Campbell, 2015c; Samour, 2006).  
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Figure 12 – Stained blood film. The oval shaped end where the leukocyte differential count is made. 

Adapted from Coinmac, 2012. 

 

The observation is made using an optical microscope with a high dry objective (x40) 

or with oil (x100) objective. The latter is recommended for optimal visualization of fine 

cellular detail (Fudge, 2000b; Samour, 2006). Leukocyte differentiation is a skill that takes 

some practice because of the cell’s similarities. Technicians usually count 100 or 200 cells, 

expressing each type of leukocyte by a percentage. Absolute leukocyte number are 

determined by multiplying each cell type by the total leukocyte number (Fudge, 2000b; 

Samour, 2006), using the following formula: 

% of each type of leukocyte × WBC

100
= absolute number 10

9
/L.  

It is recommended that clinicians use the absolute leukocyte differential number 

(absolute count) instead of the relative leukocyte differential count (percentage count) to 

assess the avian patient’s leukogram result (Samour, 2006).  

 

 

3.3. Reference Intervals for Hematological Values 

 

Reference Intervals (RI) are the range of values for a physiological measurement in 

healthy individuals. The RI listed in Table 1 are from the book “Exotic Animal Formulary” 

(Marion and Carpenter, 2013) which are commonly used in clinical practice and are the ones 
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used in this study. These RI were obtained from two other sources. One is the Comparative 

Pathology Laboratory of the School of Medicine of the University of Miami which doesn’t 

list the used methodology to acquire such data, nor number of animals, sex, age, health status 

or if sedation was used. The second source is the book “Laboratory Medicine: Avian and 

Exotic Species”, (Fudge, 2000c) that obtained its RI from the California Avian Laboratory, 

Citrus Heights. The only known aspect regarding this data is the “number of normal animals”, 

which is 495, and it doesn’t provide any additional information about methodology, sex, age, 

health status or if sedation was used. Furthermore, the author doesn’t clarify what is 

considered a “normal animal”.  

 

Table 1 – Reference intervals for hematologic parameters of African Grey parrot (Psittacus erithacus) Adapted 

from Marion and Carpenter, (2013). 

Parameter Reference Interval 

Hct (%) 40-55 

RBC (10
6
/µL) 2.4-4.5 

Hgb (g/dL) 11-16 

MCV (fL) 90-180 

MCH (pg) 28-52 

MCHC (g/dL) 23-33 

WBC (10
3
/µL) 5-15 

Heterophils (%) 45-75 

Lymphocytes (%) 20-50 

Monocytes (%) 0-3 

Eosinophils (%) 0-2 

Basophils (%) 0-5 
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4. Variability Factors in Avian Hematology 

 

Analysis of blood is a lesser invasive method to gather insight into the health status of 

an individual. It is especially important in avian medicine because these animals tend to hide 

signs of disease and, when shown, they’re usually unspecific (Campbell, 2015b; Doneley, 

2016c). 

A number of physiological factors may affect hematological values, such as age, sex, 

captivity, diet, reproductive season/ sexual maturity, season of the year, migration and 

photoperiod. It is important to understand how these factors affect blood cells in order to 

diagnose properly and medicate avian patients when necessary. These variability factors will 

be addressed in the present chapter as well as the effects of sedation with midazolam 

administered intranasally on hematological parameters (Mans, 2014).  

Until present, there are no studies of any of these factors and their impact on 

hematological parameters in African Grey parrots and hence the literary review is based in 

general avian hematology, with an emphasis on species which are phylogenetically closer to 

Psittacus erithacus. 

 

 

4.1. Age 

 

Some studies have been performed in avian species to determine whether it is relevant 

to use different reference intervals in hematological parameters for different age groups. In 

psittacines, little has been reported concerning the influence of aging in the hemogram. In 

male hyacinth macaws (Anodorhynchus hyacinthinus), a study found no significant age-

related differences (Allgayer et al., 2009). 

Generally speaking, red blood cell related parameters seem to increase with age due 

to the immature and developmental physiological states of young birds (Dujowich et al., 

2005; Hernández and Margalida, 2010).  

In psittacines, measured values of hemoglobin (Hgb) were shown to be lower in 

nestling birds (increasing from 30 days to 180 days of age) in eclectus parrots (Eclectus 
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roratus) (Clubb et al., 1990), macaws (Clubb et al., 1991a) and cockatoos (Clubb et al., 

1991b). Additional studies comparing nestlings to adults values in other avian species showed 

similar results (Han et al., 2016; Hawkey et al., 1984; Hernández and Margalida, 2010; 

Howlett et al., 1998; Montolio et al., 2017; Schmidt et al., 2007). 

Hematocrit (Hct) has been shown to be lower in young animals in some species of 

psittacines: eclectus parrots (Eclectus roratus) (Clubb et al., 1990), macaws (Allgayer et al., 

2009; Clubb et al., 1991a), cockatoos (Clubb et al., 1991b), budgerigars (Melopsittacus 

undulatus) (Harper and Lowe, 1998) and in other species (Dujowich et al., 2005; Han et al., 

2016; Hawkey et al., 1984; Hernández and Margalida, 2010; Howlett et al., 1998; Kocan and 

Pitts, 1976; Lanzarot et al., 2005; Montolio et al., 2017; Villegas et al., 2004). 

Total Red Blood Cell (RBC) count is also usually lower in younger individuals in 

several species of Psittaciformes such as eclectus parrots (Eclectus roratus) (Clubb et al., 

1990), macaws (Clubb et al., 1991a), cockatoos (Clubb et al., 1991b), Red-Capped parrot 

(Pionopsitta pileata) (Schmidt et al., 2009a), and others (Dolka et al., 2014; Hawkey et al., 

1984; Hernández and Margalida, 2010; Jones et al., 2014; Montolio et al., 2017; Schmidt et 

al., 2007; Villegas et al., 2004). Some authors reported higher values of RBC in early 

nestlings and immature animals, and a subsequent decrease when reaching adulthood 

(Hernández and Margalida, 2010; Howlett et al., 1998). On the contrary, Schmidt et al., 

(2009b) reported that younger bronze turkeys (Meleagridis gallopavo) had higher values of 

RBC than older animals. 

Mean corpuscular hemoglobin concentration (MCHC) also increased with age in 

cockatoos (Clubb et al., 1991b), eclectus parrots (Eclectus roratus) (Clubb et al., 1990) and 

macaws (Clubb et al., 1991a). It, however, showed higher values in younger individuals in 

budgerigars (Melopsittacus undulatus) (Harper and Lowe, 1998), in golden conures (Guaruba 

guarouba) (Prioste et al., 2012) and in Chilean flamingos (Phoenicopterus chiliensis) 

(Hawkey et al., 1984). Dolka et al., (2014) reported that this parameter was higher in 

nestlings and juveniles and then decreased when they reached adulthood. 

In golden conures (Guaruba guarouba), MCH was higher in juveniles than in adults 

(Prioste et al., 2012).  

Regarding MCV, some authors suggest that it is higher in younger individuals, namely 

in macaws (Clubb et al., 1991a), eclectus parrots (Clubb et al., 1990), and other species 

(Dolka et al., 2014; Lanzarot et al., 2005). On the contrary, studies in budgerigars 
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(Melopsittacus undulatus) (Harper and Lowe, 1998), Oriental white stork (Ciconia boyciana) 

(Han et al., 2016) and in horned guan (Oreophasis derbianus) (Cornejo et al., 2014) showed 

that younger animals presented lower values of MCV. In bearded vultures (Gypaetus 

barbatus), MCV was shown to increase between nestlings and immature stages, then 

decreasing in adulthood. (Hernández and Margalida, 2010). 

The total white blood cell (WBC) count has been shown to be higher in older animals 

in several species (Dolka et al., 2014; Han et al., 2016). On the contrary, younger female 

hyacinth macaws (Anodorhynchus hyacinthinus) (Allgayer et al., 2009) were reported to have 

higher values of WBC than adult females. Other authors reported an increase of this 

parameter up to a certain age, and then a decrease, in macaws (Clubb et al., 1991a) and other 

species (Dujowich et al., 2005; Hernández and Margalida, 2010; Howlett et al., 1998; 

Schmidt et al., 2007). In eclectus parrots (Clubb et al., 1990), cockatoos (Clubb et al., 1991b) 

and in Chilean flamingos (Phoenicopterus chiliensis) (Hawkey et al., 1984), it was reported to 

be low in very young animals, and then increase. 

Heterophil count showed increasing values in younger animals, and a later decrease of 

values later in life, in macaws (Clubb et al., 1991a) and other species (Dolka et al., 2014; 

Hawkey et al., 1984; Hernández and Margalida, 2010; Howlett et al., 1998). Further studies 

reported higher heterophil counts in younger female hyacinth macaws (Allgayer et al., 2009) 

and similar results in other species (Dagleish et al., 2017; Dujowich et al., 2005). Other 

authors reported lower values in younger animals, which then increased when the animals 

were older, in cockatoos (Clubb et al., 1991b), eclectus parrots (Clubb et al., 1990) and ring-

necked pheasants (Schmidt et al., 2007). In Spix macaw (Cyanopsitta spixii) (Foldenauer et 

al., 2007) and in captive bald eagles (Haliaeetus leucocephalus) (Jones et al., 2014), the older 

animals had higher heterophil counts. 

Several studies have shown that the lymphocyte count increases up to a certain age, 

and then decreases, in macaws (Clubb et al., 1991a), in California condors (Gymnogyps 

californianus) (Dujowich et al., 2005), in wild bearded vultures (Gypaetus barbatus) 

(Hernández and Margalida, 2010) and other species (Howlett et al., 1998; Schmidt et al., 

2007). In Spix macaw (Cyanopsitta spixii) (Foldenauer et al., 2007), there was decrease in 

lymphocyte counts with age. In bronze turkeys (Schmidt et al., 2009b), the lymphocyte count 

was higher in older than younger animals. Studies in eclectus parrots (Clubb et al., 1990) and 
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in cockatoos (Clubb et al., 1991b) have shown that the lymphocyte count decreased in young 

animals and later increased. 

The heterophil to lymphocyte ratio (HLR) is a parameter often used in clinic to assess 

subclinical inflammation and stress (Campbell, 2015b; McFarlane and Curtis, 1989). A 

transition from heterophilia to lymphocytosis was reported in juvenile eclectus parrots 

(Eclectus roratus) (Clubb et al., 1990), cockatoos (Clubb et al., 1991b), macaws (Clubb et al., 

1991a) and in Gough Bunting (Rowettia goughensis) (Dagleish et al., 2017) leading to a 

decrease of the HLR with age. 

The number of monocytes showed a tendency to decrease with age in macaws (Clubb 

et al., 1991a) and eclectus parrots (Clubb et al., 1990). In cockatoos (Clubb et al., 1991b) it 

was shown to increase and later decrease. 

Basophil counts have a tendency to decrease with age in macaws (Clubb et al., 1991a) 

and in California condors (Gymnogyps californianus) (Dujowich et al., 2005). 

Eosinophils tend to increase with age in California condors (Gymnogyps 

californianus) (Dujowich et al., 2005) and in bearded vultures (Gymnogyps californianus) 

(Hernández and Margalida, 2010).  

 

 

4.2. Sex 

 

Sex-related differences in hematologic reference values can be significant and must be 

interpreted correctly to ensure appropriate diagnosis. Some studies have been performed in 

psittacine species, which will be explained in this section. Some studies haven’t shown sex-

related differences in hematological parameters, such as in Spix macaws (Cyanopsitta spixii) 

(Foldenauer et al., 2007), roseringed parakeets (Psittaculla krameri) (Nazifi and Vesal, 2003), 

golden conures (Guaruba guarouba) (Prioste et al., 2012), cuban amazon parrots (Amazona 

leucocephala leucocephala) (Tell and Citino, 1992), Hyacinth macaws (Anodorhynchus 

hyacinthinus) (Kolesnikovas et al., 2012), and other species, (Dolka et al., 2014; Doussang et 

al., 2015; Haefele et al., 2005; Han et al., 2016; Marais and Hattinch, 1983). However, there 

are other studies that did find significant differences between sexes. 
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In a study carried out in red-capped parrot (Pionopsitta pileata) and the vinaceous 

parrot (Amazona vinacea) the authors discovered that the adult males of both species had 

higher RBC counts than the adult females of the same species (Schmidt et al., 2009a). 

Additionally, Parsons et al. (2015) concluded that the RBC count was significantly higher in 

male african penguins (Spheniscus demersus) than in females. Furthermore, the Hct and Hgb 

showed similar tendencies. A study performed in captive bald eagles (Haliaeetus 

leucocephalus) reached similar results, with the males having higher values of Hct and RBC 

count (Jones et al., 2014). In common pheasants (Phasianus colchicus) (Hauptmanova et al., 

2006), it was also observed significantly higher values of red blood cell parameters in males, 

in particular of Hct, Hgb, MCHC and RBC count. 

Regarding the white blood cell line, total WBC and lymphocyte count was found to be 

significantly higher in female orange-winged amazon parrots (Amazona amazonica) 

(Vergneau-Grosset et al., 2016), in female hyacinth macaws (Anodorhynchus hyacinthinus) 

(Allgayer et al., 2009) and in female burrowing parrots (Cyanoliseus patagonus) (Plischke et 

al., 2010). Female hyacinth macaws (Anodorhynchus hyacinthinus) had higher counts of 

heterophils than males (Allgayer et al., 2009). Higher HLR was found in male burrowing 

parrots (Cyanoliseus patagonus) (Plischke et al., 2010). 

A study conducted in captive horned guans (Oreophasis derbianus) hypothesized that 

sex differences in hematological parameters might be associated with reproductive activity or 

differences in sampling between groups (Cornejo et al., 2014). The authors noted that the 

juvenile males had lower MCV than juvenile females, which was most likely related to early 

physiological changes toward reproductive activity in the females, since diet and husbandry 

were identical in both sexes (Cornejo et al., 2014). It is expected for females to present lower 

levels of RBC related parameters than males because oestrogens inhibit erythropoiesis and 

androgens stimulate it (Hauptmanova et al., 2006; Jones et al., 2014; Parsons et al., 2015; 

Schmidt et al., 2009a). 
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4.3. Diet 

 

The effect of the diet in hematological parameters in avian species hasn’t been 

comprehensively studied. However, some research has been made in broiler chickens to study 

the effects of dietary supplementation in blood cell parameters. Supplementation of tin had 

negative effects in RBC, Hgb and Hct because it impaired hepatic antioxidant function (Sun 

et al., 2014). Adding black seed (Nigella sativa) significantly increased RBC count, Hgb 

concentration and Hct, probably due to its hepatoprotective qualities (Toghyani et al., 2010). 

A study conducted in budgerigars (Melopsittacus undulatus), where one group was fed 

a mixed seed diet and another was fed a balanced formulated diet, found no significant 

differences in hematological values (Fischer et al., 2006). 

 

 

4.4. Seasonal Variations 

 

Seasonal variations in hematology are strongly associated not only to temperature and 

circadian fluctuations, but also to migration, nutritional and hormonal factors (Campbell, 

2015b; Williams and Trainer, 1971). In order to better understand these factors, they will be 

addressed and discussed separately throughout this work, despite them all happening 

simultaneously and affecting each other mutually.  

 

4.4.1. Reproductive Season and Sexual Maturation 

 

As explained previously, several studies have concluded that the RBC parameters tend 

to be lower in females than in males. Androgens and thyroxin stimulate erythropoiesis, 

therefore, during the process of sexual maturation in males, with an ongoing spermatogenesis 

there is a consequential increase in RBC count, Hct and Hgb concentration (Fudge, 2000d; 

Hauptmanova et al., 2006; Williams and Trainer, 1971). Then, reaching the reproductive 

season with an associated increase in the energy output, the RBC related parameters suffer a 
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decrease (Campbell, 2015b; Hauptmanova et al., 2006). This phenomenon illustrates the toll 

that the reproductive season has on the organism. 

Unlike the males, the females have the RBC decreasing during their period of growth 

because of the increased production of oestrogen that inhibits erythropoiesis. As consequence, 

the MCH and MCHC increase to compensate the decrease in the number of erythrocytes. 

During the pre-nesting period, females tend to have higher values of Hct, Hgb, RBC and 

MCHC than males, however these values don’t usually have clinical significance (Campbell, 

2015b). RBC-related parameters increase prior to laying period in the female common 

pheasant (Phasianus colchicus), while in males the same parameters increase after the laying 

period (Hauptmanova et al., 2006). The RBC count then increases during the laying period, 

while the MCH and MCV decrease (Williams and Trainer, 1971).  

The WBC parameters increase both in male and female common pheasants (Phasianus 

colchicus) during growth of young birds, which is both related to sexual maturation and age 

(Hauptmanova et al., 2006). 

 

4.4.2. Season and Photoperiod 

 

Foldenauer et al.(2007) concluded that there are seasonal changes in Hct in the Spix’s 

macaw (Cyanopsitta spixii), increasing significantly just before the reproductive season in the 

spring. Williams and Trainer (1971) saw similar tendencies in RBC counts in three species of 

geese. In the winter, there was also a slight increase in the percentage of heterophils, which 

could be explained by some stress-related heterophilia during the mating season (Foldenauer 

et al., 2007). In kelp gulls (Larus dominicanus), Hct, WBC counts, heterophils, eosinophils 

and monocytes were significantly higher in the winter when compared to the autumn period 

(Doussang et al., 2015). Several studies in various other species found that MCHC, Hct, Hgb 

and RBC tend to be higher in winter and pre-nesting periods regardless of sex, as compared to 

post-nesting period and in autumn (Doussang et al., 2015; Foldenauer et al., 2007; Shave and 

Howard, 1976; Williams and Trainer, 1971).  

Variability in leukocyte count is related to many factors, such as season, immune 

status, and time of blood collection during the day (Fudge, 2000e). Almost all WBC 

parameters are lower in spring in males and females. The leukocyte count is also reduced 
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during the period of maturation of the birds, which may explain why the WBC values 

decreased during winter (Campbell, 2015b; Williams and Trainer, 1971). 

Regarding photoperiod, some authors claim there is a diurnal erythrocyte cycle in 

chickens in which the values of RBC are lower during the morning (Williams and Trainer, 

1971). In a study carried out in broiler chickens, the authors observed that the values of RBC 

count and Hct tended to be higher during the dark period of the day in various experiments. 

The authors assume that these results may be caused by sleep or lower metabolic rate. These 

differences may also be influenced by erythropoietin, which controls production and release 

of RBC from bone marrow and spleen (Zhou et al., 1998).  

 

 

4.5. Captivity 

 

The influence of captivity in hematology hasn’t been the subject of many scientific 

papers. In a study conducted in blue fronted amazons (Amazona aestiva), comparing 

hematological values in free-ranging and captive birds, the values of lymphocytes and 

monocyte counts were higher in captive birds, whereas WBC, heterophil and eosinophil 

counts were significantly higher in free-ranging birds (Deem et al., 2005). Higher WBC and 

heterophil count is probably associated with the stress of the capture (Campbell, 2015b). 

 

 

4.6. Sedation with Midazolam 

 

Sedation of the avian patient to perform minor clinical procedures is a growing 

practice in veterinary medicine. It has numerous advantages such as reducing stress for the 

animal, reducing the possibility of physical harm of the operator and a better relationship 

between companion parrots and humans (Gunkel and Lafortune, 2005; Mans et al., 2012). 

Firstly, I’ll present an introductory text about the use of sedative drugs and its advantages and 

disadvantages.  
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Benzodiazepine agonists are sedative drugs that enhance the effect of the 

neurotransmitter gamma-aminobutyric acid (GABA) at the GABA-A receptor, resulting in 

sedation, hypnosis, anxiolytic effect, central mediated muscle relaxation and anticonvulsant 

effect in animals. In birds, sedation, anxiolysis and anterograde amnesia have been 

documented (Mans et al., 2012; Tranquilli et al., 2007). 

Midazolam is a short-term action and hydrophilic benzodiazepine with minimal 

cardiopulmonary effects in mammals and birds that has been increasingly used in veterinary 

medicine (Tranquilli et al., 2007). Regarding pharmacodynamics, midazolam has twice the 

affinity for the benzodiazepine receptor than diazepam and a greater sedative effect in most 

species (Tranquilli et al., 2007). It has been widely used for sedation by intramuscular (IM) 

injection and more recently by intranasal (IN) administration in birds (Kubiak et al., 2016; 

Mans et al., 2012; Sadegh, 2013; Schaffer et al., 2017). Use of IN midazolam is a practice 

that has been gaining more attention among avian veterinarians because it is less invasive, 

easy to administer, has high bioavailability, good absorption and reduced pain when 

compared to IM administration (Mans, 2014). It can be used alone or in combination with 

opioids for sedation or muscle relaxation in small mammals, swine, older dogs and birds 

(Tranquilli et al., 2007).  

In human medicine, intranasal midazolam has been successfully used for pre-sedation 

in children, avoiding the discomfort associated with IM or intravenous (IV) injection. 

Midazolam is described as the gold standard for premedication in pediatric human patients 

due to its fast effect, effective sedation and anxiolytic properties. It has also shown to be a 

very good anxiolytic during venepuncture in children (Kaur et al., 2012).  

There aren’t many studies regarding IN administration of midazolam in avian species. 

There also isn’t much information regarding pharmacokinetics when administering 

midazolam IN. In piglets, when using a dose of 0,4 mg/kg, maximum plasma concentration is 

reached within 5 minutes (Lacoste et al., 2000). 

In chicks, midazolam IM has shown to reduce social separation-stress (Watson et al., 

1999). It is also effective as a sedative in quail (Colinus virginianus) and Canada geese 

(Branta canadensis) when administered IM at doses ranging from 2 to 4mg/kg (Day and 

Roge, 1996; Valverde et al., 1990). 

It has been shown that IN administration of midazolam in Hispaniolan Amazon parrots 

(Amazona ventralis) (Mans et al., 2012), in budgerigars (Melopsittacus undulatus) (Sadegh, 



CHAPTER I – INTRODUCTION 

37 

2013), in Blue-and-yellow macaws (Ara ararauna) (Schäffer et al., 2016), in Blue-fronted 

Amazon (Amazona aestiva) and Orange-winged Amazon (Amazona amazonica) (Schaffer et 

al., 2017), causes a rapid onset of sedation, with no significant changes in vital parameters 

(cloacal temperature and respiratory rates), being a simple, safe and effective treatment to 

induce mild sedation before clinical procedures that demand manual restraint, such as 

phlebotomy. Similar results were found with midazolam and xylazine in ring-necked 

parakeets (Psittacula krameri) (Vesal and Eskandari, 2006), canaries (Serinus canarius) 

(Vesal and Zare, 2006), finches (Taeneopygia guttata) (Bigham and Zamani Moghaddam, 

2013) and in pigeons (Hornak et al., 2015; Moghadam et al., 2009) . These studies show that 

vocalization, flight and defence responses are reduced during capture, minutes after 

administration of the sedative (Day and Roge, 1996; Mans et al., 2012; Sadegh, 2013; 

Schäffer et al., 2016; Schaffer et al., 2017; Valverde et al., 1990). In budgerigars 

(Melopsittacus undulatus), IN administration of different sedative agents has proven to 

provide adequate sedation (Al-Shebani, 2011). 

Midazolam IN used in combination with ketamine, had similar results to using the 

same drugs via IM in Amazon parrots (Amazona aestiva and Amazona vinacea) (Bitencourt et 

al., 2013), in ring-necked doves (Streptotelia sp.) (Beier et al., 2013) and in raptors 

(Tranquilli et al., 2007).  

Using midazolam with butorphanol, both IM as premedication reduces significantly 

the maintenance dose of isoflurane needed in African grey parrots (Psittacus erithacus) 

(Kubiak et al., 2016).  

In birds, intranasal administration of midazolam is considered an acceptable method of 

drug delivery and may offer several advantages over intramuscular administration, 

particularly in birds with decreased muscle mass, and increased client acceptance because of 

perceived minimal invasiness (Bigham and Zamani Moghaddam, 2013; Bitencourt et al., 

2013; Mans et al., 2012, 2011; Sadegh, 2013; Schaffer et al., 2017; Vesal and Zare, 2006). It 

also has the advantage of being readily reverted with flumazenil if necessary (Mans et al., 

2012). 
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4.6.1. Effects of Sedatives on Hematological Parameters 

 

The effect of sedatives on the hematological parameters of birds has not been 

comprehensively studied.  

Kollias and McLeish, (1978) saw no significant differences in the Hct of red-tailed 

hawks (Buteo jamaicensis) when they administered ketamine IM. However, a study 

performed on American kestrels (Falco sparverius) with 10 minutes of isoflurane anaesthesia 

showed slight decrease in Hct and basophil concentration (Dressen et al., 1999). In 

Passeriformes, IN midazolam had effects on electrolyte concentration and venous blood gas 

analyses, but blood pH, microhematocrit, Hgb and calculated hematocrit remained unchanged 

(Heatley et al., 2015). In Carnaby’s cockatoos (Calyptorhynchus latirostris), there were 

significantly higher values of Hct in manually restraint animals than those that were 

anesthetized with isoflurane. This could be due to the stress from handling because slight 

increases in the RBC mass in birds have been associated with stress or excitement. There was 

also higher monocyte counts in animals that were anesthetized with isoflurane (Le Souëf et 

al., 2013).  

In rabbits, the administration of intranasal midazolam decreased the respiratory rate 

but had no effect on hemoglobin concentration (Robertson and Eberhart, 1994).  

These sedative, hypnotic and anterograde amnesia effects are beneficial, because the 

parrot is more cooperative during the procedure, and the memory of these events won’t be 

very clear (Tranquilli et al., 2007). Thus, all these procedures can contribute to a positive 

relationship between companion parrots and veterinarians (Mans et al., 2012).  

 

4.6.2. Reversion of the Effects of Midazolam with Flumazenil 

 

The benzodiazepin antagonist binds to the GABA-A receptor complex, blocking the 

effects of agonists and inverse agonists. These antagonists are relatively free of side effects 

and have a strong affinity for the benzodiazepine receptor without intrinsic activity (Tranquilli 

et al., 2007).  
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Flumazenil is used to reverse sedative and muscle relaxant effects of many 

benzodiazepines. Flumazenil is a highly selective, competitive benzodiazepine receptor 

antagonist; it has a strong affinity for the benzodiazepine receptor and has minimal activity. 

The drug is used to reverse the sedative effects of midazolam and diazepam in mammals and 

birds (Tranquilli et al., 2007). 

In humans, midazolam and flumazenil have similar pharmacokinetic profiles, which 

makes flumazenil an appropriate antagonist for midazolam (Amrein and Hetzel, 1990; 

Tranquilli et al., 2007).  

It has minimal effects on cardiovascular function in animals. In birds, flumazenil at a 

dosage of 0,1 mg/kg IM has been used to reverse sedation and muscle relaxation induced by 

high doses of midazolam at 2 to 6 mg/kg IM (Day and Roge, 1996; Tranquilli et al., 2007). 

In hispanolian Amazon parrots (Amazona ventralis), the use of IN flumazenil to 

reverse the effect of IN administration of midazolam has been shown to lead to a rapid 

recovery with no side effects (Mans et al., 2012, 2011). 

Administration of flumazenil is now routinely used to reverse the effects of midazolam 

in minor clinical procedures when the goal is rapid recovery from sedation and return to 

normal behaviour such as food intake and locomotion (Mans et al., 2012). In can be 

administered either IN or IM without any adverse side effects in most avian species (Mans, 

2014). Without flumazenil, the effects of midazolam would last approximately 2 to 3 hours in 

ring-necked parakeet (Psittacula krameri) (Nazifi and Vesal, 2003). 
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1. Animals 

 

In the present study, data from African Grey parrot (Psittacus erithacus) examined in 

first consultations or check-ups between March 2009 and July 2017 was collected from 

clinical files (Appendix I) in Zoològic Veterinaris (Barcelona). The individuals included in 

this work (n=239) were considered healthy at the time of blood collection, through inclusion 

criteria such as physical examination (attitude, weight, auscultation, hydration), biochemistry 

and coprology analysis. All animals that had recent administration of pharmacologically 

active agents at the time of the blood collection or that showed any sign of disease were 

excluded from the study. Information regarding age, sex and diet was collected. Blood 

samples (n=459) taken during the same period and data from the subsequent hematological 

testing was also collected and compared to reference intervals. Information regarding sedation 

during blood collection was also taken into account. 
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2. Handling, Blood Sample Collection and Blood Film 

 

A team formed by an experienced avian veterinarian and an assistant collected blood 

from the animals included in the study. During the externship period (April to July 2017), I 

served as assistant in this process. 

Blood films were made using whole blood without anticoagulant. The following 

material was used for phlebotomy and blood film: 

 Disposable underpad; 

 3mL disposable syringes without anticoagulant; 

 23 to 24 gauge disposable needles; 

 Gauze; 

 Alcohol; 

 EDTA tube; 

 2 clean glass microscope slides; 

 Other tubes for biochemistry analysis (heparin). 

Phlebotomy was performed mostly in the right jugular vein as previously described 

(Bellwood and Andrasik-Catton, 2014; Best, 2005; Campbell, 2015a, 2015c; Chitty, 2005; 

Clark et al., 2009c; Doneley, 2016b; Tully Jr, 2009). 

Blood was collected according to the following procedure:  

The animal was carried out in its carrier or cage to the hospitalization area and gently 

but quickly restrained with a disposable underpad by its neck, forming an Elizabethan grip; 

1. In some cases, the animals were sedated with midazolam (n=190) in order to 

provide mild sedation to easily handle the animal. In these cases, 1 mg/kg IN 

of midazolam (Midazolam Normon EFG ®, 15mg/3ml, Normon S.A., Madrid, 

Spain) was administered. The animal was returned to its cage, now covered 

with an underpad to further minimize stress; 
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2. After waiting for 10 minutes for the midazolam to take effect, the bird was 

moved to the examination table, laid down horizontally, with the assistant 

maintaining the same Elizabethan grip. The animals that weren’t sedated 

(n=269) were grabbed directly from the cage and moved to the examination 

table; 

3. To perform the phlebotomy, the phlebotomist used his non dominant hand to 

secure the head and neck of the parrot, while the assistant hold the body 

sideways, thus stabilizing the vein; 

4. The phlebotomist lightly wetted the feathers along the lateral side of the neck 

with alcohol at 70%, exposing the apterium that overlies the jugular furrow. 

Then, the assistant used the index finger to apply pressure to the vein, cranial 

to the thoracic inlet, to engorge the vein, thus facilitating the phlebotomy 

procedure; 

5. Venous blood from the right jugular vein was carefully collected using a 

needle and syringe, keeping just enough negative pressure for the blood to flow 

into the syringe; 

6. Digital pressure (with the help of a gauze) to the blood collection site was 

applied for 30 to 60 seconds by the assistant holding the animal, while the 

phlebotomist proceeded to make 2 fresh blood films; 

7. To make a blood film, one drop of whole, uncoagulated blood was placed at 

the end of one slide, placed on top of a flat surface, directly from the syringe; 

8. The first slide was stabilized with a digit from the non-dominant hand; 

9. The second “pusher” slide was held between thumb and forefinger of the 

dominant hand at approximately 30 to 45º angle in front of the drop of blood; 

10. The pusher slide was then backed into the drop of blood while the blood spread 

laterally towards the edges of the slide and quickly advanced forward in one 

rapid motion to create the film; 

11. The phlebotomist placed the remaining blood in EDTA tubes for hematological 

examination and in heparin tubes for biochemical analysis. The EDTA tubes 
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were stored in the refrigerator and the blood films were air dried before 

staining; 

12. The bird was then returned to its cage or carrier and handed to the owner.  

At this stage, if the birds were having some difficulty standing, midazolam was 

reverted with flumazenil (Flumazenilo G.E.S EFG, 0,1mg/ml, G.E.S. S.A, Madrid, Spain) 

0,05mg/kg IM. Otherwise, they would be sent home with the remaining sedative effect of 

midazolam, in order to provide sedation and anterograde amnesia (Mans et al., 2012). 
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3. Hematological Testing 

 

Hematological testing was usually made in the same day of the blood collection and 

was performed to determine hematocrit (Hct), hemoglobin concentration (Hgb), mean 

corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), total erythrocyte count (RBC), total leukocyte count 

(WBC), and differential leukogram with absolute and relative counts. All the hematological 

testing was performed in an in-house laboratory as described in following paragraphs. In 

order to provide usable data, all the materials and methodology remained constant throughout 

the study period, and the operator carrying out the laboratory procedures was always the 

same. 

 

 

3.1. Blood Film Staining Technique 

 

Staining was performed after allowing the blood films to completely air dry. A quick 

stain (Jorvet Dip Quick Stain, Jorgensen Labs, Inc., USA) was used. Each solution was stored 

in sterile containers. The staining procedure was adapted from Campbell (2015), and 

Bellwood and Andrasik-Catton (2014): 

1. The air-dried slide was dipped into the methanol fixative solution five times 

(1 second each time), and the excess product was allowed to drain; 

2. The slide was dipped into the first solution five times (1 second each time), 

and the excess product was allowed to drain; 

3. The slide was dipped into the second solution five times (1 second each time), 

and the excess product was allowed to drain; 

4. The slide was rinsed with distilled water and allowed to air dry. 

Depending on the blood film thickness or the quality of the staining at the end of this 

process, the slide would be further stained if necessary. 
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3.2. Hematocrit (Hct) 

 

To determine the hematocrit, whole anticoagulated blood (from the EDTA tube) was 

centrifuged in a microhematocrit centrifuge (DGMH-24, Diagnostic Grífols, S.A.) (Campbell, 

1994, 2015d; Samour, 2008). The materials and procedures are listed below: 

 Well mixed, anticoagulated whole blood; 

 Capillary tubes; 

 Clay; 

 Microhematocrit centrifuge; 

 Hematocrit reader (Gri-Cel, S.A.). 

 

1. A capillary tube with well-mixed anticoagulated blood was filled at ¾; 

2. One end of the tube was sealed with clay; 

3. The tube was placed in the groove of the centrifuge, directly across from the 

counterbalance tube, with the clay end pointing towards the outside; 

4. The tube was centrifuged for 5 min at 10000 rpm; 

5. After this, the tube showed the blood separated into 3 layers: plasma, buffy coat and 

red cells;  

6. The tube was aligned properly in the hematocrit reader and the value of the 

microhematocrit was determined. 

 

 

3.3. Total Cell Count: Erythrocytes and Leukocytes 

 

The total red and white blood cell count was determined using a manual method. The 

blood cells were stained with Natt and Herrick’s solution and observed at the light microscope 

(BA210E Trinocular, Motic®) with the improved Neubauer chamber (Brand®). The dilution 
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used was 1:200. This procedure was adapted from Campbell (2015e), Campbell (1994) and 

Samour (2006). The materials used were as follows: 

 Anticoagulated whole blood; 

 Diluting pipette; 

 Natt and Herrick’s solution (Vetlab, Florida, USA); 

 Improved Neubauer hemocytometer; 

 Coverslip for hemocytometer; 

 Microscope with 10× objective lens; 

 Cell counter.  

Total cell count procedure: 

1. To dilute the blood, whole blood from the EDTA tube was draw to the 0,5 mark of the 

diluting pipette and then Natt and Herrick’s solution to the 101 mark; 

2. After waiting for 2 minutes for the blood and solution to mix, the hemocytometer was 

covered with the coverslip and one side of the hemocytometer was filled with the 

blood and stain solution by capillary action; 

3. The cells were allowed to settle for 5 minutes; 

4. The RBC within the four corners and central squares (each one consisting of 16 

smaller squares) and the ones that overlapped the top and left border of the Neubauer 

hemocytometer were counted (10× objective, 100 × magnification); 

5. The obtained number was multiplied by 10000 to reach the total number of RBC per 

microliter (or cubic millimetre); 

6. The WBC within the nine larger squares on the grid, as well as all the cells that 

overlap the top and left border were counted using the same objective. The obtained 

value was then added to 10% and multiplied by 200: 

WBC/mm3 = (total leukocyte in 9 squares+10% of total WBC)×200 

7. These counts were repeated on the second side of the hemocytometer, and the counts 

from both chambers averaged.  
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3.4. Hemoglobin Concentration (Hgb) 

 

The method used in this study to determine hemoglobin concentration was a 

quantitative method. The hemoglobin was oxidized into cyanometahemoglobin by a series of 

reactions and measured by spectrophotometry (Campbell, 2010). The Drabkin’s colorimetric 

solution was the reagent used (Spinreact, 2012). The materials are listed below: 

 Whole uncoagulated blood; 

 Drabkin’s solution (Spinreact, Girona, Spain); 

 Pipette; 

 Cuvette; 

 Distilled water; 

 Spectrophotometer (M100, BOEHRINGER INGELHEIM, Ltd). 

The procedure was the following: 

1. The spectrophotometer was adjusted to zero with blank solution (distilled water) at 

540 nm; 

2. Whole uncoagulated blood (20 µL) was pipetted into a cuvette with 40 µL of 

Drabkin’s solution; 

3. To allow conversion, the solution was mixed and incubated at room temperature (15-

25ºC) for 3 minutes; 

4. The absorbance of the sample was read at 540 nm and the hemoglobin concentration 

determined. 

 

 

3.5. Red Blood Cell Indices  

 

After the primary hematologic indices (hematocrit, erythrocyte count and hemoglobin 

concentration) have been determined, the secondary hematological indices were obtained 

using the following formulas (Clark et al., 2009c): 
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3.5.1. Mean Corpuscular Volume (MCV) 

 

MCV (fL)=
Hct ( L L⁄ )

RBC Count ( 10
6

µL⁄ )
 ×1000 

 

3.5.2. Mean Corpuscular Hemoglobin (MCH) 

 

MCH (pg)=
Hgb( g L)⁄

RBC Count( 10
6

µL⁄ )
 

 

3.5.3. Mean Corpuscular Hemoglobin Concentration (MCHC) 

 

MCHC (g/L)=
Hgb ( g L)⁄

Hct (L L⁄ )
 

 

 

3.6. White Blood Cell Differential Count 

 

To determine the white blood differential (Bellwood and Andrasik-Catton, 2014; 

Campbell, 2015e, 1994; Samour, 2006), the materials required were the following: 

 Stained blood film; 

 Microscope with 100× objective lens (BA210E Trinocular, Motic®); 

 Immersion oil; 

 Cell counter. 

The procedure was the following: 

1. The blood film in the monolayer area was examined using the 100× objective with 

immersion oil; 
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2. The slide was scanned in a methodical grid pattern, in order not to count the same area 

twice; 

3. As a routine, 100 WBC were counted (if the total WBC was increased, 200 WBC 

would be counted to maintain accuracy); 

4. The relative WBC count was obtained by using the following formula (if 200 cells 

were counted, the division would be by 200): 

Cell type %=
Number of cell type observed

100
 

5. The absolute white blood cell count was determined using the following formula (if 

200 cells were counted, the division would be by 200): 

Cell type × 10
3
/µL = 

Relative (%)

100
 × WBC count (10

3
/µL). 
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4. Statistical Analysis 

 

All statistical analysis was performed using the Statistical Package for the Social 

Sciences (SPSS) program (IBM SPSS Statistics 24). To determine the effect of age, sex, diet, 

and sedation on the dependent variables a two-way multivariate analysis of variance 

(MANOVA) was conducted followed by univariate analyses of variances (ANOVA) and 

Tuckey’s Post hoc test, when appropriate. The significance level was set at p≤0,05. 
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5. Results 

 

Data concerning the age, sex, diet and sedation (during blood collection) of the 

animals included in this study (n=239) are expressed as means and standard deviation (M, ± 

SD) or in percentage. Regarding the hemograms (n=459), the different parameters are 

expressed as mean and standard deviation. For each parameter, the percentage of samples 

within reference intervals (RI), above RI and below RI is also presented. As mentioned in 

Chapter I, the reference intervals used are from the “Exotic Animal Formulary” (Marion and 

Carpenter, 2013). 

 

 

5.1. Animals 

 

Regarding the age and the sex of the sampled animals (n=239), the mean age was 5,57 

(± 5,15) years old (Figure 13 and Figure 14). There were 101 males (42,26%), 92 females 

(38,49%), and the information about the sex was missing in 46 individuals (19,25%). In the 

males, the average age was 5,46 (± 4,58) and in the females 5,20 (± 4,88) years old. 

Regarding the diet of the animals under study (Figure 15), 116 animals (48,54%) were fed a 

good quality commercial feed supplemented with daily fruits and vegetables, 98 animals 

(41,00%) had no information in the clinical file concerning their dietary habits and 2 (0,84%) 

were fed with a good quality commercial feed but without supplementation. Sixteen animals 

(6,69%) were only fed mixed seeds as their primary diet and 7 (2,93%) were fed with the 

same primary diet with additional daily fruits and vegetables. 
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Figure 13 – Mean age of the total individuals of P. erithacus under study (n=239), females (n=92) 

and males (n=101). 

 

 

Figure 14 – Sex of the individuals of P. erithacus under study (n=239), females (n=92), males 

(n=101) and unidentified sex (n=46). 

 

 

Figure 15 – Diets of the individuals of P. erithacus under study (n=239), unknown diet (n=98), good 

quality feed and supplementation (n=116), good quality feed (n=2), mixed seeds (n=16), mixed seeds and 

supplementation (n=7). 
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5.2. Hemograms 

 

In order to encompass different life stages, the animals were divided into 3 age groups: 

early age, with ages between 0 and 4 years old; sexual maturity adulthood, with individuals 

with ages between 4 and 10; late adulthood, with subjects over 10 years old (Table 2). 

According to these categories, the distribution was as follows, 228 (49,67%) hemograms 

belonged to individuals with ages between 0 and 4 years old, 159 (34,64%) to individuals 

with ages between 4 and 10, and 72 (15,69%) to ages over 10 years old (Figure 16). 

Significant differences were found in Hct (p<0,001), Hgb (p=0,023) and RBC (p=0,018), 

between the first age group and the other two, with all of these parameters presenting higher 

values in the younger age group (juveniles). In these parameters, no statically relevant 

differences were found between the two older age groups (Table 2). 

MCHC (p=0,008) and heterophils (p<0,001) were significantly lower in the first age 

group when compared to the other two groups, but no significant differences were observed 

between the older groups.  

There were significant differences (p=0,012) in WBC between subjects from the first 

age group and the two older groups, with the younger animals having lower values. The 

values of monocytes showed significant differences (p=0,035) between the first age group and 

the second group, as well as between the second and third age groups. Overall, values related 

to the red blood line seemed to decrease with age, while white blood cell values increased. 

 

Figure 16 – Distribution of the hemograms (n=459) according to the 3 age groups studied of P. 

erithacus, early age (n=228), sexual maturity adulthood (n=159) and late adulthood (n=72). 
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Table 2 – Mean (M) and standard deviation (±SD) of African Grey parrots hematological parameters from different age groups. 

Parameter 0 to 4 years of age (n=228) 4 to 10 years of age (n=159) Over 10 years of age (n=72) 

M (±SD) M (±SD) M (±SD) 

Hct (%) 48,776 (±5,0429) * 46,483 (±4,5333) 
+
  46,832 (±4,4183) 

+
 

Hgb (g/dL) 12,855 (±1,1660) * 12,559
 
(±1,1071) 

+
 12,830 (±0,9689) 

+
 

RBC ×10
6
/µL) 2,832 (±0,3127) * 2,733

 
(±0,2609) 

+
 2,779 (±0,2677) 

+
 

MCV (fL) 173,034 (±14,1237) 
+
 171,247(±14,7633) 

+
 169,436 (±13,3130) 

+
 

MCH (pg) 45,699 (±4,3037) 
+
 46,341 (±4,3651) 

+
 46,568 (±4,5542) 

+
 

MCHC (g/dL) 26,449 (±1,8320) * 27,118 (±2,0221) 
+
 27,549 (±2,4243) 

+
 

WBC ×10
3
/µL 5,8249 (±2,09259) * 6,2877 (±2,45275) 

+
 6,3660 (±2,67524) 

+
 

Heterophils ×10
3 
/µL 3,3043

 
(±1,76363) * 4,2001 (±4,2001) 

+
 4,4689 (±2,33766) 

+
 

Lymphocytes ×10
3
/µL 2,2894 (±1,08135) 

+
 1,9140 (±0,74103) 

+
 1,6858 (±1,8978) 

+
 

Monocytes ×10
3
/µL 0,1917 (±0,18082) 

+
 0,1380 (±0,12363) * 0,1726 (±0,20347) 

+
 

 

Values with different symbols are statistically different. 
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Regarding sex, and taking into account the 3 different age groups, there were no 

significant differences between the number of hemograms belonging to females or males in 

each age category. Two hundred and four (44,44%) hemograms belonged to females, 188 

(40,96%) to males and 67 (14,60%) to individuals in which the information about sex was 

missing (Figure 17). Highly significant differences (p<0,001) were observed between males 

and females regarding Hct, Hgb and RBC, with the females showing higher values of these 

parameters (Table 3). Although other values, such as WBC, lymphocytes, basophiles and 

eosinophils seemed to be higher in females, no statistically significant differences were found. 

 

 

Figure 17 – Distribution of the hemograms (n=459) of P. erithacus according to sex, females 

(n=204), males (n=188) and undetermined sex (n=67). 
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Table 3 – Mean (M) and standard deviation (±SD) of African Grey parrots hematological parameters in female and male subjects. 

Parameter Male (n=188) Female (n=204) 

M (±SD) M (±SD) 

Hct (%) 46,717 (±4,9868) * 48,667 (±4,6397) * 

Hgb (g/dL) 12,512 (±1,1581) * 12,973 (±1,0511) * 

RBC ×10
6
/µL 2,724 (±0,2863) * 2,853 (±0,2853) * 

MCV (fL) 172,396 (±14,1411) 171,487 (±14,4087) 

MCH (pg) 46,281 (±4,3816) 45,809 (±4,3431) 

MCHC (g/dL) 26,899 (±2,0603) 26,763 (±1,9929) 

WBC × 10
3
/µL 6,0073 (±2,21683) 6,1074 (±2,40519) 

Heterophils ×10
3
/μl 3,7943 (±1,96200) 3,7515 (±2,24590) 

Lymphocytes ×10
3
/μl 1,9992 (±0,89075) 2,1525 (±1,02172) 

Monocytes ×10
3
/μl 0,1801 (±0,15104) 0,1613 (±0,18265) 

Basophils ×10
3
/μl 0,0099 (±0,03143) 0,0118 (±0,03467) 

Eosinophils ×10
3
/μl 0,0255 (±0,04366) 0,0333 (±0,04987) 

*p<0,001 
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Regarding sedation, 269 (58,61%) hemograms belonged to non-sedated animals, and 

190 (41,39%) to animals that were sedated (Figure 18). Hemograms belonging to animals 

sedated with midazolam presented higher values of MCHC (p< 0,001), MCH (p=0,025) and 

Hgb (p=0,01) (Table 4). On the other hand, hemograms belonging to non-sedated animals 

showed higher values of WBC (p<0,001), as well as higher values of heterophils (p=0,006), 

lymphocytes (p=0,003) and monocytes (p=0,03). No significant differences between the two 

groups were found in RBC and MCV. 

Overall, sedated animals seemed to present lower values of all hematological 

parameters, with the exception of Hgb, MCH and MCHC. 

 

 

Figure 18 – Distribution of the hemograms (n=459) of P. erithacus according to the sedation status 

during blood sampling, sedated (n=190) and non-sedated (n=269). 
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Table 4 – Mean (M) and standard deviation (±SD) of African Grey parrots hematological parameters in non-sedated and sedated subjects. 

Parameter Non-sedated (n=269) Sedated (n=190) 

M (±SD) M (±SD) 

Hct (%) 48,096 (±5,3069) 47,201 (±4,2590) 

Hgb (d/dL) 12,658 (±1,1142) * 12,871 (±1,1360) * 

RBC ×10
6
/µL 2,800 (±0,3041) 2,777 (±0,2766) 

MCV (fL) 172,571 (±15,2542) 171,060 (±12,8025) 

MCH (pg) 45,546 (±4,3826) * 46,708 (±4,2581) * 

MCHC (g/dL) 26,446 (±1,9084) ** 27,349 (±2,0671) ** 

WBC ×10
3
/µL 6,3241 (±2,37329) ** 5,6982 (±2,18409) ** 

Heterophils ×10
3
/µL  3,8932 (±2,15454) * 3,6083 (±2,04234) * 

Lymphocytes ×10
3
/µL  2,2016 (±1,01623) * 1,9097 (±1,7791) * 

Monocytes ×10
3
/µL  0,1857 (±0,19194) * 0,1498 (±0,12637) * 

*p<0,05; **p< 0,001. 
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Concerning the diet, there were 248 (54,03%) samples that were taken from 

individuals with a good quality primary diet and 35 (7,63%) from animals with mixed seeds 

as their primary diet. The other 176 hemograms (38,34%) were obtained from animals with an 

unknown diet (Figure 19). Within the group fed a good quality primary diet, 240 (96,77%) 

had daily fruits and vegetables as a supplement and 8 (3,23%) had no supplementation in their 

diets (Figure 20). Of the 35 (7,63%) with mixed seeds as their primary diet, 12 (34,29%) had 

supplementation with daily fruits and vegetables and 23 (65,71%) had no supplementation 

(Figure 21). The information concerning the animal’s dietary habits was insufficient to 

properly study its impact on hematological parameters. 

 

 

Figure 19 – Distribution of the hemograms of P. erithacus (n=459) according to the type of primary 

diet, good quality diet (n=248), mixed seeds (n=35) and unknown diet (n=176). 

 

 

Figure 20 – Distribution of the hemograms of P. erithacus with good quality primary diet (n=248), 

according to diet supplementation: daily supplementation with fruits and vegetables (n=240) or no 

supplementation (n=8). 
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Figure 21 – Distribution of the hemograms of P. erithacus with a mixed seeds primary diet (n=35), 

according to diet supplementation: daily supplementation with fruits and vegetables (n=12) or no 

supplementation (n=23). 

 

In the following paragraphs the percentage of samples within the reference intervals, 

above and below for each hematological parameter is described. 

Regarding red blood cell parameters, 412 (89,76%) hematocrits, were within RI, 28 

(6,10%) samples were above, and 19 (4,14%) below RI (Figure 22). As to RBC, there were 

434 (94,55%) samples within RI and 25 (5,45%) below RI (Figure 23). Of all the samples 

included in this study, 432 (94,12%) were within range regarding hemoglobin concentration, 

3 (0,65%) were above and 24 (5,23%) were below RI (Figure 24). In terms of MCV, 318 

(69,28%) samples were within RI and 141 (30,72%) were above (Figure 25). Regarding 

MCH, 412 (89,76%) of the samples were within RI, 46 (10,02%) were above and 1 (0,22%) 

was below (Figure 26). Regarding MCHC values, 450 (98,04%) samples were within RI, 1 

(0,22%) was above and 8 (1,74%) were below (Figure 27). 
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Figure 22 – Distribution of the hematocrit values of P. erithacus (n=459) according to being within 

(n=412), above (n=28) and below (n=19) reference intervals. 

 

 

Figure 23 – Distribution of the RBC values of P. erithacus (n=459) according to being within 

(n=434) and below (n=25) reference intervals. 

 

 

Figure 24 – Distribution of the hemoglobin concentration values of P. erithacus (n=459) according to 

being within (n=432), above (n=3) and below (n=24) reference intervals. 
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Figure 25 – Distribution of the MCV values of P. erithacus (n=459) according to being within 

(n=318) and above (n=141) reference intervals  

 

 

Figure 26 – Distribution of the MCH values of P. erithacus (n=459) according to being within 

(n=412), above (n=46) and below (n=1) reference intervals. 

 

 

 

Figure 27 – Distribution of the MCHC values of P. erithacus (n=459) according to being within 

(n=450), above (n=1) and below (n=8) reference intervals. 
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White blood cell parameters, obtained from samples from healthy animals, also 

showed values within, below and above the RI. 

Regarding WBC, of the 459 samples, 303 (66,01%) were within RI, 3 (0,65%) were 

above and 153 (33,33%) were below, presenting leukopenia (Figure 28). As to heterophils is 

concern, 317 (69,06%) of the samples were within RI, 73 (15,90%) were above and 69 

(15,03%) were below RI (Figure 29). Lymphocytes values showed 334 (72,77%) samples 

within RI, 72 (15,69%) above and 53 (11,55%) below RI (Figure 30). Regarding monocytes 

values 332 (72,33%) samples were within RI and 127 (27,67%) were above (Figure 31). 

Eosinophils values showed 451 (98,26%) samples within RI and 8 (1,74%) above RI (Figure 

32). All the samples presented basophils values within RI. 

 

 

Figure 28 – Distribution of the WBC values of P. erithacus (n=459) according to being within 

(n=303), above (n=3) and below (n=153) reference intervals. 

 

 

Figure 29 – Distribution of the heterophil values of P. erithacus (n=459) according to being within 

(n=317), above (n=73) and below (n=69) reference intervals. 
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Figure 30 – Distribution of the lymphocyte values of P. erithacus (n=459) according to being within 

(n=334), above (n=72) and below (n=53) reference intervals. 

 

 

Figure 31 – Distribution of the monocyte values of P. erithacus (n=459) according to being within 

(n=332) and above (n=127) reference intervals. 

 

 

Figure 32 – Distribution of the eosinophil values of P. erithacus (n=459) according to being within 

(n=451) and above (n=8) reference intervals. 
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1. Discussion 

 

Is it widely known that establishing reference intervals in exotic and wild species is a 

challenge. Most sources suggest a broad range of values, probably due to the fact that they do 

not take into account variability factors that can impact hematological parameters. After all, 

RI are specific to a particular set of conditions (Friedrichs et al., 2012). 

There are several aspects that can impact either manual or automatic methods. When 

using manual methods, one of the most prominent sources of variation or error is of human 

origin. These include miscounting, under or over estimating cell types in the differential 

counting, as well as variations in sample preparation, collection and storage (Campbell, 

2015e; Fudge, 2000b; Marion and Carpenter, 2013). These can be reduced, however, by using 

the same equipment, methodology and human operator (Campbell, 2015c; Fudge, 2000b). In 

the present work, the methodology and equipment was constant throughout the study period, 

and all the manual methods used to determine hematological values were performed by the 

same experienced operator. This is relevant because if the operator is over or under valuating 

something, that error will be constant throughout all the samples and parameters. Moreover, 

the manual methods used in this study are considered the gold standard in avian hematology, 

due to the differences encountered in avian cell morphology, namely, nucleated erythrocytes 

(Campbell, 2015e, 2015b; Doneley, 2016c). Additionally, other studies also provide evidence 

that hematologic analysis can be performed in an in-clinic scenario with satisfactory results 

(Rishniw and Pion, 2016). 

In order to obtain reliable results, all individuals included in this work were considered 

healthy at the time of blood collection, through inclusion criteria such as physical 

examination, biochemistry and coprology analysis. All animals that had recent administration 

of pharmacologically active agents at the time of the blood collection or that showed any sign 

of disease were excluded from the study. 

The average age of the animals was 5,57 years old, being fairly similar for males (5,45 

years old) and females (5,16 years old ), which is important because the African Grey parrot 

reaches sexual maturity between the ages of 4 and 6 (Marion and Carpenter, 2013). The 

number of male and female subjects was also similar, making the sample more consistent. 
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In this study, red blood cell parameters like Hct, Hgb and RBC showed a statistically 

significant decrease with age. The values were higher in the age group that includes juveniles, 

in agreement to what other studies have reported (Dolka et al., 2014; Dujowich et al., 2005; 

Han et al., 2016; Harper and Lowe, 1998; Hawkey et al., 1984; Hernández and Margalida, 

2010; Howlett et al., 1998; Jones et al., 2014; Montolio et al., 2017; Schmidt et al., 2007; 

Villegas et al., 2004), namely in psittacine species (Clubb et al., 1991b, 1991a, 1990) whose 

samples consisted of animals with 30, 60, 90 and 180 days of age. Additionally, studies that 

compared RBC values of 3 or more age groups (Hernández and Margalida, 2010; Howlett et 

al., 1998), showed that values of RBC increased while the animals are immature or juvenile 

then decrease. The higher values of these parameters in young animals seem to be related with 

an increase in metabolic rate due to sexual maturation. In fact, most studies report an increase 

in RBC related parameters due to rapid tissue and feather growing (Kocan and Pitts, 1976), 

high consumption of carbohydrates and protein (Campbell, 2015) as well as to the overall 

development physiological states of young animals (Dujowich et al., 2005; Hernández and 

Margalida, 2010). Despite these differences, it should be noted that only the MCV presented 

30,72% of samples above RI, which suggests that a substantial part of the population may 

have larger erythrocytes than what is established, which is not necessarily pathological 

(Bearhop et al., 1999), as the other red blood cell values were within the established RI. 

Regarding MCHC, this parameter showed an increase with age from younger animals 

to late adulthood individuals, which is supported by studies conducted in psittacines (Clubb et 

al., 1991b, 1991a, 1990), despite other studies reporting otherwise (Dolka et al., 2014; 

Hawkey et al., 1984; Prioste et al., 2012). 

The increase of total white blood cell count with age is also somewhat comparable to 

other studies (Dolka et al., 2014; Han et al., 2016), although some authors state an increase 

followed by a decrease later in life (Clubb et al., 1991a; Dujowich et al., 2005; Hernández 

and Margalida, 2010; Howlett et al., 1998; Schmidt et al., 2007). However, the average WBC 

count was low compared to the RI, which indicates that many hemograms were lower within 

the range. This could be a consequence of the amount of juvenile animals included in the 

sample. In fact, the lower results from the younger animals are probably responsible for the 

33,33% of the samples presenting leukopenia according to established RI, since almost half of 

the sampled hemograms belonged to juvenile animals. These results further reinforce the 
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importance of properly define RI, otherwise healthy newborn and young animals may be 

considered immunosuppressed when their values are normal for their age group. 

Regarding the distribution of differential counts of leucocytes, within heterophil 

values there was a considerable amount of hemograms above (15,90%) and below (15,03%) 

RI, and further studies are required to elucidate this broad variation. Heterophil values also 

showed an increase with age, which is comparable to other studies (Clubb et al., 1991b, 1990; 

Foldenauer et al., 2007; Jones et al., 2014; Schmidt et al., 2007). On the contrary, lymphocyte 

values showed a decrease with age, in agreement to what was reported in the Spix macaw 

(Foldenauer et al., 2007), while other studies only showed a decrease of the lymphocyte count 

from a certain age (Clubb et al., 1991a; Dujowich et al., 2005; Hernández and Margalida, 

2010; Howlett et al., 1998; Schmidt et al., 2007). These results suggest that the African Grey 

parrot is a predominantly heterophilic species, which means that they have a higher 

circulation value of heterophils when compared to lymphocytes. These findings are in 

accordance with previous reports (Fudge, 2000c; Marion and Carpenter, 2013).  

Taken together, the studies suggest that RBC, WBC, Hct, Hgb, heterophils and 

lymphocytes vary with age in a non-linear way: increasing up to a certain age and then 

decreasing (Dolka et al., 2014; Hernández and Margalida, 2010). The physiological 

fluctuations described in these studies are similar to those obtained in the three phases of life 

under study in the present work. Overall, the present results suggest that red blood cell 

parameters decreased with age and white blood cell parameters increased with age. However, 

the underlying causes of these age-related variations remain, to a large extent, unclear. 

In this study, the great majority of hemograms belonged to sexed individuals and the 

number of hemograms per sex was similar. According to most of the literature, the difference 

between sexes are not significant in bird species (Dolka et al., 2014; Doussang et al., 2015; 

Foldenauer et al., 2007; Haefele et al., 2005; Han et al., 2016; Kolesnikovas et al., 2012; 

Marais and Hattinch, 1983; Nazifi and Vesal, 2003; Prioste et al., 2012; Tell and Citino, 

1992). There are studies that report higher red blood cell parameters in males, due to the 

inhibitory nature of estrogen (Hauptmanova et al., 2006; Jones et al., 2014; Parsons et al., 

2015; Schmidt et al., 2009a). Contrary to this, and according to these results, this seems not to 

be case in African Grey parrots, since Hct, RBC and Hgb were significantly higher in 

females. In this particular matter, age did not influence the results, since the number of 

sampled males and females in each age group was fairly similar. Ots et al. (1998) reported 
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higher values of Hct in female Great Tits (Parus major) which they suggested could be a 

consequence of intense physical work, although no explanation was given as to why females 

would have more physical work. 

It should be noticed that other hemogram values showed higher results in females, 

namely WBC, lymphocytes, basophiles and eosinophils. Although these values didn’t have 

significant differences between sexes, some studies have reported similar results (Allgayer et 

al., 2009; Plischke et al., 2010; Vergneau-Grosset et al., 2016). 

Some authors suggest that sex differences in hematological parameters might be 

associated with reproductive activity, sexual maturation or differences in sampling between 

groups (Cornejo et al., 2014). It has been reported that females that weren’t in reproductive 

season had higher values of RBC-related parameters compared to those who were mating, 

incubating or in courtship (Gayathri and Hegde, 1994; Kalmbach et al., 2004). However, 

studies dealing with sex influences on hematological parameters in birds are rather scarce and 

most of them are comprised of very small samples. This is the first study in psittacines that 

uses such a high number of samples to investigate sex variability, and the first in African 

Grey parrots in which sex differences have been studied. Regarding the mentioned red blood 

cell parameters, both female and male subjects presented values mainly within the established 

RI, but the differences between sexes were highly significant. Because of this, and because 

these results are different from other reported studies, information regarding sex must be 

taken into account when defining RI for African Grey parrots. 

Sedating avian patients for minor clinical procedures is a growing practice due to its 

many advantages, such as reducing stress, reducing the risk of physical harm of the operator 

and central mediated muscle relaxation (Gunkel and Lafortune, 2005; Mans, 2014; Mans et 

al., 2012; Tranquilli et al., 2007). Recent research showed that midazolam had no effect in 

hematological parameters in Passeriformes (Heatley et al., 2015) and rabbits (Robertson and 

Eberhart, 1994). Nonetheless, it has been shown that other anesthetic agents can cause 

variations in hematological parameters in several species (Dressen et al., 1999; Fudge, 2000e; 

Le Souëf et al., 2013). In this study, significant differences were found between sedated and 

non-sedated animals. Sedated animals showed significantly lower values of WBC, 

heterophils, lymphocytes and monocytes and higher values of Hgb, MCH and MCHC. 

Overall, sedation caused a decrease in all parameters, except Hgb, MCH and MCHC. 
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The stress leukogram in avian species has been reported as presenting leukocytosis, 

heterophilia, monocytosis, basophilia and lymphopenia, increase of RBC, Hgb and Hct, 

(Campbell, 2015b; Campbell and Dein, 1984; Maxwell, 1993; McFarlane and Curtis, 1989; 

Samour, 2006). Taken together, the present results suggest that administration of midazolam 

prior to blood collection decreases stress in African Grey parrots (Marion and Carpenter, 

2013). In fact, leucocytosis and heterophilia (mild to moderate) has been reported to be 

proportional to the duration of the journey to the veterinary hospital in psittacines especially 

in fearful birds, for they stress easily (Cīrule et al., 2012; Fudge, 2000e). Studies in other 

avian species reported similar results (Parga et al., 2001; Scope et al., 2002). According to the 

literature, younger animals are more prone to stress when facing new environments and 

situations (Vaz et al., 2015). Hemograms from non-sedated animals under study showed 

comparatively higher values of WBC, heterophils and monocytes, which could be a 

consequence of stress induced by handling prior or during blood collection. It is also 

interesting to note that regarding monocytes, which are widely accepted as a good indicator of 

stress (Campbell, 2015b; Fudge, 2000e; Gross and Siegel, 1983; Maxwell, 1993; McFarlane 

and Curtis, 1989; Scope et al., 2002), 27,67% of hemograms showed monocytosis. Once 

again, there are no studies showing the effects of sedation with midazolam or other 

compounds on hematological parameters on Psittacus erithacus, so further studies should be 

performed. 

In the past, biological variation and individuality were often overlooked when 

establishing RI, which means that sometimes these lack the necessary sensitivity to detect 

changes in the health of an individual (Friedrichs et al., 2012). Furthermore, it is important to 

consider that RI may not accurately reflect the distribution of hematological values in a 

healthy population, because most are established using indirect sampling which inadvertently 

includes unhealthy individuals, and therefore is more susceptible to error than a direct sample, 

in which the criteria are established prior to selecting the individuals (Friedrichs et al., 2012). 

Other factors, such as photoperiod, time of day (Choudhury et al., 1982; Dawson and 

Bortolotti, 1997; Rehder et al., 1982), captivity, season variation, geographic location (Dutton 

et al., 2002; Shave and Howard, 1976) or a combination of all of them could impact the 

studied parameters. In the present study, it was not possible to address many of these factors, 

and although information regarding the type of diet was collected, it was not possible to 

ascertain its effect on hematological parameters. 
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Future work should include additional research concerning the effects of age, sex and 

sedation in these parameters, with more individuals, as well as the study of aforementioned 

and other variability factors. Considering the differences found in this study, the 

establishment of RI for different demographics is a possibility in the near future. The 

demographics of the reference population should be representative of the patient population 

and while the latter is known, the reference population is not. Unless a RI is representative of 

the patient’s demographic and is determined using similar pre-analytical procedures and 

comparable analytical methods, it is not appropriate as a diagnostic reference for clinical 

decision-making. Interpreting clinical data using inappropriate RI may lead to 

misclassification of a patient, which can result in misdiagnosis, improper treatments or both. 

A consistent approach to the development and reporting of population-based RI will benefit 

all the professionals dealing with the management of the African Grey parrot. 
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2. Conclusion 

 

Despite recent advances, research on avian hematology is still scarce. Regarding the 

hematology of the African Grey parrot (Psittacus erithacus), which is one of the most 

frequently encountered psittacine species in avian medicine, data from the literature is rather 

limited or incomplete. In the present study, the hematological values of healthy specimens of 

African Grey parrot were accessed, and the necessary data was collected in order to 

investigate variability factors, such as age, sex, sedation and diet. The values obtained were 

also compared to established RI. 

Regarding age, hematocrit, hemoglobin concentration and red blood cell count 

decreased with age, from young animals (up to 4 years old) to late adulthood individuals 

(more than 10 years old). On the contrary, MCHC increased with age, which is supported by 

other authors. These values were mostly within RI. As the ages increased, it was also 

observed an increase of WBC and heterophils, accompanied by a decrease in monocytes.  

This study also revealed unexpected significant differences in the hematological 

values from male and female subjects. Hematocrit, hemoglobin concentration and red blood 

cell count were all higher in females. The reasons for the higher values of the aforementioned 

parameters in females remain unclear and need further investigation.  

Regarding the effects of sedation in hematological parameters, sedated animals 

showed higher values of Hgb, MCH and MCHC, and lower values of WBC, heterophils, 

lymphocytes and monocytes. Because these parameters are seldom associated to stress, these 

results suggest that the administration of midazolam prior to blood collection reduces the 

stress associated to this procedure.  

Lastly, the data collected regarding the animals diet did not enable the determination 

of its effect on hematological parameters. 

In this study, there was also a considerable amount of hemograms with values outside 

the RI, namely MCV, WBC and monocyte values. This reinforces the need for further 

research in African Grey parrots hematology, aiming the development of databases essential 

to the establishment of appropriate RI for this species. 
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Appendix I – Clinical Files 

 

Figure 33 – A standard clinical file for a check-up consultation. This check-up included sedation with 

midazolam for phlebotomy, beak and nail trimming, and deparasitation.  
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Figure 34 – A hemogram report for an African Grey parrot which is part of the annual check-up. This 

individual presented all values within RI, with the exception of the value of WBC, which indicates leukopenia. 


