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Abstract: The brown pelican (Pelecanus occidentalis) is a species often affected by natural and man-
made disasters such as hurricanes and oil spills as well as general human activities; that 
subsequently receives medical care and rehabilitation. During rehabilitation, blood may be collected 
for various testing to help with diagnosis, treatment, and monitoring. Reference intervals for this 
species are limited, dated, and typically from small sample sizes. Seventy one presumed healthy 
brown pelicans were sampled as a part of their pre-release examination from rehabilitation at the 
Wildlife Center of Texas after a large volume stranding in December 2014 to January 2015, and 
various venous analytes were measured to establish updated reference intervals for Brown Pelicans. 
Fibrinogen was measured via heat precipitation and the Abaxis VSPro equine Fibrinogen cartridge 
to determine reference intervals, and in an attempt to validate the VSPro for use in avian species. 
Abaxis VS2 Avian/Reptile Chemistry panel, iSTAT CG4+, and iSTAT Chem8+ results in addition to 
body condition score, spun PCV, cloacal temperature and fibrinogen were measured. Proposed 
reference intervals for brown pelicans are presented. Fibrinogen results were not comparable 
between the gold standard method and the VSPro, indicating that the VSPro is not appropriate for 
use in brown pelicans. 

Keywords: brown pelican; fibrinogen; chemistry; bloodwork; blood gas 
 

Implications 

The brown pelican (Pelecanus occidentalis) species is frequently impacted by human activities 
resulting in their need for medical care and rehabilitation. However, species variation in clinical 
pathology analytes hinders veterinarian and biologists’ ability to judge health in this species. We 
established blood chemistry and venous blood gas reference intervals for this species using point-of-
care analyzers and fibrinogen reference intervals via heat precipitation methodology. The Abaxis 
VSPro Equine fibrinogen cartridge appears inappropriate for assessing Fibrinogen concentrations of 
brown pelicans. Our findings should serve as a resource for veterinarians and rehabilitators for care 
of this species. 

Introduction  

Brown pelicans (Pelecanus occidentalis) BRPE are a large, protected, piscivorous waterbird species 
with distribution limited to coastal areas of the Americas; that can be found along the Texas coast 
year round. This species was listed as federally endangered in the US based on DDT in 1970, and in 
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Texas this species remains listed as endangered with extinction, despite federal delisting based on 
population recovery nationally in 2009. Along the Texas coast, this large gregarious species is often 
affected by human fishing, and energy based activities (petroleum) as well as a variety of zoonotic 
infectious diseases. Thus BRPE are often treated by veterinarians and rehabilitators, and are well 
suited to investigation of clinical pathology as a key to species health to include inflammatory 
indicators such as fibrinogen [Georgieva, 2010; Hawkey, 1988; Petzinger, 2013]. However, species 
specific reference ranges for brown pelicans (Pelicanus occidentalis) are few, dated, and limited in 
scope based on sample size or age [Zais, 2000; Ferguson, 2014; Jodice, 2022; Wolf, 1985]. In December 
2014 and January 2015 a large number of juvenile brown pelicans (Pelicanus occidentalis) became 
stranded on the southeast coast of Texas in the Houston and Galveston area. The pelicans were 
brought to the Wildlife Center of Texas for medical care, rehabilitation and release. This relatively 
large population of rehabilitated, apparently healthy wild-caught birds being housed in a 
rehabilitation setting provided the perfect population for creating reference intervals that are most 
appropriate for use in rehabilitation settings.  

Reference intervals are essential for veterinarians to determine whether abnormalities are 
present in bloodwork, and what is significant. Jodice [2022] established “baseline intervals” for brown 
pelicans, but the populations that were evaluated were trapped at nesting sites, therefore health and 
recent exposures was unknown. Wolf et al. [1985] evaluated the difference between captive and wild 
brown pelican bloodwork, but the sample populations were small. One goal of this study was to 
produce updated reference intervals for venous analytes using a large population of presumably 
healthy, adult brown pelicans. We chose to use patient-side venous blood analyzers, the Abaxis 
VetScan Avian/Reptile chemistry cartridge, and the iSTAT Chem8 and CG4+ cartridges to measure 
chemistry, electrolyte and blood gas values. These analyzers are used commonly in clinical practice 
and in rehabilitation efforts as these birds are commonly involved in natural and man-made disasters 
such as hurricanes, and oil spills, as well as zoo collections [Selman, 2012; Raynor, 2013; Kinney, 2018]. 
The values obtained by these panels may help the clinician to detect ailments such as renal disease, 
hepatic disease, fluid imbalances, and capture myopathy, among others. Another significant benefit 
of these testing modalities is that they deliver results quickly and may be used daily in the clinic 
[Rettenmund, 2014]. 

There are many confounding factors where reference intervals in wild or exotic species are 
concerned. In an ideal situation, every individual laboratory would create reference intervals using a 
large, healthy population of each species for each analyzer and test that is offered for that species 
[Rettenmund, 2014; Jodice, 2022]. Because this is not logistically reasonable for individual clinics to 
create, laboratory equipment comes with pre-programmed reference intervals established by the 
manufacturer for common species. Species specific reference values are recommended based on 
significant differences between species may obscure differences even within the same bird subclass 
such as Hispaniolan Amazon parrots and Umbrella Cockatoos [Morrisey, 2003]. In the species of 
concern here, the brown pelican, Wolf [1985] determined that even between wild caught vs. captive, 
and breeding females vs. non-breeding adults there are significant differences in normal values. In 
addition, the large sample size required for scientifically valid reference intervals is not often a 
reasonable expectation for many species of wildlife, as an adequately sized and healthy population 
of animals is not typically available [Geffre, 2009]. These factors should be known to wildlife and 
exotic animal veterinarians as reference intervals will often be either very narrow or very large due 
to small sample size [Kinney, 2018]. 

Like most avian species, brown pelicans can hide signs of disease until death is imminent. Avian 
clinicians are faced with cases of rapid decompensation and death on a regular basis with subtle, if 
any clinical signs. Apparently healthy birds can have severe inflammation as evidenced by CBC. 
Changes in hematologic parameters, such as heterophilia, often occur before any overt signs of 
disease, or merely related to stress [Cray, 1988; Kinney, 2018]. Thus, laboratory diagnostics for 
detection and diagnosis of disease in avian species are an essential part of avian medicine. However, 
CBC determination in birds remains a laborious, non-automated process which requires training and 
expertise, is not well standardized, and is often done at send-off laboratories, so there is a delay 
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between sampling and results. The cost and time necessary for this test limits its usefulness in private 
practice. However, more rapid, automated, patient-side assays for fibrinogen and various venous 
analytes are available for use in the clinic which could prove invaluable for the diagnosis of acute 
inflammation or disease in birds at the time of presentation for care. In addition, fibrinogen analysis 
may be used to track disease progression and treatment success. If proven valid and useful, these 
more rapid testing methodologies will provide lifesaving indicators of serious inflammation in birds, 
hours to days earlier than that of CBC, and do so with less avian clinical proficiency or cost to the 
private practitioner. 

Fibrinogen has a number of roles within the body. One role is as the endpoint of the coagulation 
cascade. Fibrinogen is cleaved by clotting factor X, thrombin, into fibrin to create a fibrin clot that 
helps to seal vessels, but must be removed for tissue healing to occur. Fibrinogen is not only involved 
with coagulation in reaction to tissue damage and inflammation, it is a pro-inflammatory mediator 
that stimulates chemotaxis, activation of inflammatory cells, and release of inflammatory cytokines. 
In mouse models, the severity of multiple inflammatory disease is decreased compared to mice with 
normal fibrinogen. These diseases include atherosclerosis, traumatic brain injury, Alzheimer’s, colitis 
associated cancer, and inflammatory bowel disease among others. In addition, fibrinogen helps to 
sequester bacterial infections within the body, although the fibrinogen “wall” can also be used as a 
ladder for bacteria to move throughout the body [Zais, 2000]. 

Acute phase proteins rapidly increase or decrease in concentration in the bloodstream during 
early inflammation. Detection of abnormal concentrations of these proteins may allow clinicians to 
detect illness earlier in the progression of disease than they otherwise would. Fibrinogen is a positive 
acute phase protein that increases drastically within the first 24-48 hours of systemic or localized 
inflammation or infection and has a half-life of 3-4 days in both mammals and birds. Routine 
measurement of fibrinogen during diagnostic testing of birds may alert the clinician to occult 
inflammation [Goodwin, 1982]. Increased concentrations of fibrinogen associated with numerous 
disease states have been documented in avian and mammalian species [Harr, 2002; Drew, 1993; Polo, 
1998]. 

Fibrinogen has been measured in a variety of avian species including chickens, herring gulls, 
Caspian terns, penguins, ibis, flamingos, hawks, falcons, cranes, Amazon parrots, macaws, grey 
parrots and owls [Pindyck, 1977]. Only in chickens has the structure and function of fibrinogen been 
assessed. The chicken fibrinogen has been shown to be similar to mammalian fibrinogen, although 
smaller. Therefore, although many tests of fibrinogen were designed for use in humans, they may be 
valid to use in order to determine fibrinogen concentrations in birds. While assessment of fibrinogen 
concentrations may be a useful indicator of stress, subclinical, or hidden disease in brown pelicans 
(Pelicanus occidentalis), single test results alone are of little value without a reference interval. 
Reference intervals may vary based on a number of factors including assay methodology, species, 
and laboratory [Geffre, 2009; Hawkey, 1985; Georgieva, 2010]. Reference values for fibrinogen 
concentrations are not established for brown pelicans (Pelicanus occidentalis), and other reported 
values for fibrinogen in avian species fail to meet current standards for development of appropriate 
reference intervals for this analyte. Finally, the original, gold standard testing methodology, which 
advocated the use of fibrinogen for diagnosis of occult inflammation in birds, has become obsolete 
and is no longer available in most commercial laboratories. 

The gold standard for fibrinogen testing in humans is the ‘clot-recovery method’, which directly 
quantifies fibrin generated during clotting. This test has not been assessed for use in birds and has 
become largely obsolete in modern laboratories based on its labor intensive method. It is routinely 
used at the Texas A&M University Small Animal hospital clinical pathology laboratory for avian 
patients. We chose not to pursue validation of PT derived methods or glutaraldehyde testing based 
on a number of challenges inherent to these assays and brown pelicans such as the need for species 
specific reagents, the lack of fibrinogen specificity or direct quantification of fibrinogen by these 
assays, necessary modifications based on sample size, the time and clinical technique necessary for 
results, and the lack of standard curves correlating to fibrinogen concentration in avian species 
[Metzner, 2007, Morrisey, 2003]. Instead we chose to assess quantitative tests of fibrinogen which 
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could be directly compared, were well validated in other species, required a reasonable sample size 
and a readily available avian appropriate collection tube. 

Our second goal in this study is to establish reference intervals for fibrinogen in Brown pelicans 
using the gold standard method, and a patient-side analyzer. Our third goal is to determine whether 
the Abaxis VSPro equine fibrinogen cartridge may be used for fibrinogen determination in avian 
species. We used the heat precipitation method which is the gold standard in human medicine, and 
gives a direct measurement of fibrinogen content. It measures the amount of fibrinogen that 
precipitates after incubation. We also used Abaxis VSPro equine fibrinogen cartridge which utilizes 
the Fibrinogen-Clauss method. The Fibrinogen-Clauss method gives an estimate of fibrinogen based 
on a calibration curve produced by measuring time to a detectable clot in blood containing known 
amounts of fibrinogen. This indirect test was chosen due to being a commonly available, relatively 
inexpensive test, and using a small sample size. 

The purpose of this study is to provide updated reference intervals for healthy, adult Brown 
pelicans, to assess the agreement and usefulness of two methods of determination of fibrinogen in 
Brown pelicans (Pelecanus occidentalis): the heat precipitation and the Fibrinogen-Clauss method via 
the Abaxis VSpro equine fibrinogen cartridge. Here we propose the reevaluation and validation of 
assays previously advocated for use in birds to indicate inflammation. 

Material and Methods 

Sample Collection and Processing 

One adult and 70 juvenile brown pelicans (Pelecanus occidentalis) of known gender housed at the 
Wildlife Center of Texas for medical care and rehabilitation were used for this study. The birds were 
manually restrained for pre-release physical examination, collection of cloacal swabs and 
venipuncture. Physical examination parameters that were recorded include cloacal temperature, 
body condition score, wounds or other abnormalities, Wildlife Center identification band, and when 
applicable, United States Fisheries and Wildlife band number. Sampling was performed on 31 
December 2014; 6 January 2015; 21 January 2015; and 28 January 2015. 

Blood was collected in 1.5 ml sample sizes from the right jugular vein using a three ml syringe 
and a 26 ga needle. The blood was immediately transferred into 500 μL lithium heparin pre-filled 
sampling tubes, and one ml sodium citrate microtubes[BRAND HERE] . Blood from the lithium 
heparin tubes was used to run Abaxis VetScan Avian/Reptile chemistry panel, iSTAT Chem8 and 
iSTAT CG4+ panels (Table 1). Blood samples were transported from the collection sites in the greater 
Houston area to Texas A&M University on ice. Upon return to Texas A&M University’s Veterinary 
Teaching Hospital lithium heparinized blood was used for packed cell volume determination and 
plasma was separated from cells via centrifugation, and decanting and placed in a -80ºC freezer. The 
sodium citrate anticoagulated blood was delivered to the Texas A&M University Veterinary Teaching 
Hospital Clinical Pathology laboratory for fibrinogen determination by heat precipitation (Table 1). 
Sodium citrated blood samples were centrifuged and cells were separated from plasma and stored in 
a -80 ºC freezer (Table 2). Blood from one sampling date (21 January) was centrifuged and decanted 
from the cells with approximately 12 hours more delay from sampling time than all other sampling 
dates. 

Table 1. Reference intervals for select chemistry and venous blood gas analytes of healthy juvenile 
brown pelicans (Pelicanus occidentalis). Measured and calculated variables are included. 

 Reference Intervals 

Analyte N Mean 
95% Confidence 

Interval 
P-value 

95% Reference 
Interval 

Anion GapI (mmol/L) 68  21.5  20.60-22.34  0.588  12 – 29  
Albumin2 (g/dL) 64  2.3  2.20-2.33  0.118  1.7-2.7  

Aspartate Aminotransferase23 
(U/L)  

69  629.7  545.18-714.27  0  142-1872  
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Base ExcessI (mmol/L) 67  -4.4  -5.5- -3.3  0.149  -14 – 5  
Blood Urea Nitrogen2 (mg/dL) 67 <0.3 <0.3 <0.3 <0.3 

Total Calcium23 (mmol/L) 68  10.4  10.26-10.47  0.001  9.7-11.5  
ChlorideI (mmol/L) 65  108.4  107.81-109.08  0.199  103-115  

Creatine Kinase2 (U/L) 68  1263  1150.0-1375.0  0.06  478-2511  
Creatinine23 (mg/dL)  66  0.34  0.321-0.364  <0.0001  0.2-0.5  

Fibrinogen-HP3 (mg/dL) 70  250  218-279  <0.0001  100-500  
Fibrinogen-VS pro (mg/dL) 59  140  133-147  0.636  70-210  

GlucoseI (mg/dL) 67  258  248.9-268.0  0.285  179-376  
Glucose2 (mg/dL)   69  258  248.5-267.9  0.358  178-374  

HemoglobinI (g/dL) 68  13.4  13.05-13.68  0.338  10.5-16.0  
BicarbonateI (mmol/L) 67  21  20.1-21.9  0.692  13.4-29.4  

HematocritI (%) 68  39.3  38.38-40.24  0.34  31-47  
Ionized CalciumI (mmol/L) 60  1.26  1.226-1.287  0.867  0.99-1.52  

PotassiumI (mmol/L) 69  4.3  4.09-4.43  0.591  2.6-6.4  
Potassium2 (mmol/L) 70  4.6  4.41-4.76  0.526  3.2-6.4  

LactateI (mmol/L)  69  8.7  7.99-9.41  0.105  3.3-16.3  
PCO2I (mmHg) 67  36.2  35.00-37.37  0.155  26.2-47.4  
PCO24 (mmHg) 65  41.3  39.94-42.66  0.26  28.7-53.6  

PCV3 (%) 66  46.4  45.23-47.59  0.002  33-54  
pHI5  63  7.36  7.350-7.379  0.078  7.24-7.49  
pH4  65  7.33  7.310-7.342  0.226  7.19-7.49  

Phosphorus2 (mg/dL) 68  2.8  2.54-3.04  0.485  0.3-5.2  
PO2I (mmHg) 69  43.3  42.0-45.0  0.127  30-61  
PO24 (mmHg) 67  54.4  52.29-56.52  0.202  36-76  

sO2I (%) 65  77.3  75.61-78.91  0.726  62-93  
SodiumI (mmol/L)   68  145.5  144.90-146.02  0.157  140-150  
Sodium2 (mmol/L)   70  146.4  145.70-147.01  0.165  141-153  
Temperature (°C) 68  104.2  103.83-104.53  0.372  100.9-107.1  
TCO2I (mmol/L)  67  22.1  21.15-22.97  0.667  14-31  
TCO22 (mmol/L) 68  20.3  19.60-21.02  0.523  13-28  

Total Protein2 (g/dL) 69  4.6  4.45-4.67  0.023  3.8-5.8  
Total Solids3 (g/dL) 23  4.6  4.47-4.80  0.028  4.0-5.3  
Uric Acid2,3 (mg/dL) 68  7.2  6.18-8.23  <0.0001  1.9-19.2  

I This value was determined by the iSTAT. 2 This value was determined using the Abaxis VS2 Chemistry rotor. 
3 This value had non-parametrically (Shapiro-Wilk p-value <0.005) distributed variables, HP = Heat 
Precipitation. 4 This value was corrected for the patient’s body temperature. 5 This value was corrected for 37°C. 
Abbreviations: PCO2 = Partial pressure of carbon dioxide; PCV = Packed cell volume; PO2 = Partial pressure of 
oxygen; sO2 = Oxygen saturation; TCO2 = Total carbon dioxide content;. 

Table 2. Collection dates and sample handling data. 

Collection dates and sample handling timeline 

Collection date Number of birds sampled 
Time after collection to sodium 
citrate decanting and freezing 

12/31/14 24 < 24 hours 
1/6/15 20 < 36 hours 

1/21/15 18 48 hours 
1/28/15 9 < 24 hours 

Hemolysis Assessment 

Sodium citrated plasma was removed from the -80 ºC freezer, allowed to thaw to room 
temperature, and assessed for degree of hemolysis prior to Abaxis VSpro fibrinogen determination 
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via a visual assessment performed by one investigator (AGK) using the visual scale available on the 
Mayo Clinic Medical Laboratories website printed using a color printer [Plumhoff, 2008] (Figure 1) 

 

Figure 1. Visual hemolysis scoring chart used to estimate hemolysis in samples [Plumhoff, et. al]. Hgb 
= Hemoglobin. 

Abaxis VSpro Fibrinogen 

Sodium citrated plasma was thawed to room temperature and centrifuged using a 12 cm radius 
centrifuge at 3000 RPM for 1 hour to obtain platelet poor plasma. VSpro fibrinogen cartridges were 
brought to room temperature before testing. One hundred μL of plasma was mixed with diluents in 
the prefilled diluent microtubes that are provided with the cartridges. The cartridges were loaded 
into the VSpro and testing was performed following package instructions for loading cartridge and 
sample into the analyzer. 

Statistical Analysis 

Data analysis was performed using Analyse-it® to determine the mean, median, range, 95% 
confidence interval of mean, median and variance; variance, standard deviation, Coefficient of 
variance, skewness and kurtosis, Shapiro-Wilk W and p-values (Table 1). The Bland-Altman plot was 
used to assess the agreement of analytes values determined by different analysis platforms (Table 3). 
For parametrically distributed data, ANOVA tests determined if BCS had an effect on measured 
values. For non-parametrically distributed data, the Kruskal-Wallis test was used to determine the 
effect of BCS on measured values. 

Table 3. Results of Bland-Altman analysis to determine agreement between two different methods of 
measurement for selected venous analytes in brown pelicans (Pelicanus occidentalis). 

 Bland-Altman Results 
Parameter n Bias 95% Limits of Agreement Agreement level 

Glucose 
VS2 vs Chem8 

67 -1.6 -30.9 – 27.6 Good 

PCV vs Hct 64 -6.8 -13.4 - -0.1 Poor 
Fibrinogen  

HP vs Fibrinogen VSPro 
56 -112.0 -362.1 – 138.2 Poor 

Sodium 
VS2 vs Chem8 

60 1.1 -3.9 – 6.1 Good 

Potassium 
VS2 vs Chem8 

60 0.31 -0.34 – 0.96 Good 

Abbreviations: HP = Heat Precipitation method; PCV = Packed Cell Volume; Hct = Hematocrit. 

Results 

Twelve of the birds had an injury noted on physical exam. Most injuries were minor and did not 
preclude release. Wounds included bumblefoot, small lacerations or abrasions, and a fishhook in a 
toe pad. One bird had a severe injury to the patagium and was subsequently transported to the Texas 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 April 2024                   doi:10.20944/preprints202404.0018.v1



 7 

 

A&M University Small Animal Hospital for medical care with the Zoological Medicine service. Two 
birds became very stressed during handling. One developed a large hematoma, and further 
examination was not pursued. The other died shortly after examination. 

Mean body condition score was 2.8 out of 5 (Median 3.0, CI 2.6 - 3.0). Proposed reference 
intervals are reported in Table 1. The majority of the data was parametrically distributed as 
determined using a Shapiro-Wilk method with p >0.05 indicating parametrically distributed data 
(Table 1). Parametrically distributed data includes anion gap, albumin, base excess, chloride, creatine 
kinase, fibrinogen via the VSPro equine cartridge, glucose via both tests, hemoglobin, bicarbonate 
(HCO3), hematocrit, ionized calcium, potassium via both analyzers, lactate, PCO2, pH, phosphorus, 
PO2, SO2, sodium via both analyzers, cloacal temperature, TCO2, and total protein. Non-
parametrically distributed data (Shapiro-Wilk p <0.05) includes AST, calcium, creatinine, fibrinogen 
via heat precipitation, packed cell volume (PCV), total solids, BUN (All values were <3), and uric 
acid. 

To determine where there was an effect of body condition score (BCS) on the various values, 
ANOVA and Kruskal-Wallis tests were run for parametrically and non-parametrically distributed 
data, respectively. As BCS increased there was an increase in creatinine (p = 0.0106) and AST (p = 
0.0117). As BCS increased there was a decrease in sodium as measured by both analyzers (VS2 p = 
0.0360, iSTAT p = 0.0057), hematocrit (p = 0.0122), hemoglobin (p = 0.0130), and anion gap (p = 0.0242). 

Bland Altman assessment of agreement determined that between different analyzers there was 
good agreement in measurements of sodium (Figure 2), and potassium (Figure 3). Glucose (Figure 4) 
had fair agreement, and when one large outlier was removed, had good agreement. There was poor 
agreement between spun PCV and hematocrit (Figure 5). When the two fibrinogen testing methods 
(heat precipitation vs Abaxis VSPro equine Fibrinogen cartridge) were compared via Bland-Altman 
they showed no agreement (Figure 6). 

 

Figure 2. Bland-Altman Plot of good agreement for 69 sodium (Na) measurements of Brown Pelicans 
(Pelecanus occidentalis) determined via Abaxis VS2 Avian/Reptile Chemistry vs iSTAT CG4+ cartridge. 
Most analyte values are within the 95% limits of agreement (LOA), the small bias is clinically 
acceptable, and the 95% LOA is clinically small for sodium values. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 April 2024                   doi:10.20944/preprints202404.0018.v1



 8 

 

 
Figure 3. Bland-Altman Plot of the blood of 68 Brown Pelicans (Pelecanus occidentalis) showing good 
agreement of potassium obtained via Abaxis VS2 Avian/Reptile Chemistry vs iSTAT Chem8 
cartridge. Most analyte values are within the 95% limits of agreement (LoA), the small mean bias is 
clinically acceptable, and the 95% LoA is clinically small. 

 

Figure 4. Bland-Altman Plot of blood from 68 Brown Pelicans (Pelecanus occidentalis) of good 
agreement between glucose (Glu) measurements determined via Abaxis VS2 Avian/Reptile 
Chemistry vs iSTAT Chem8 cartridge. This assessment of agreement was based on the fact that all 
except for the one outlier lie within the 95% limits of agreement (LoA), the mean bias is clinically 
acceptable, and the 95% LoA is clinically small. 
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Figure 5. Bland-Altman Plot of Packed Cell Volume (PCV) and Hematocrit (Hct) obtained via Chem 
8 iSTAT cartridge for 81 Brown Pelicans (Pelecanus occidentalis). Poor agreement is demonstrated 
based on several values outside of the 95% limits of agreement (LoA), a large clinically unacceptable 
mean bias of 6.16 %, and a wide 95% LoA. 

 

Figure 6. Bland-Altman Plot of minimal agreement between fibrinogen of plasma from Brown 
Pelicans (Pelecanus occidentalis, n = 62) determined based on heat precipitation (Heat Precip) versus 
the Abaxis VSPro Equine Fibrinogen cartridge. While most values lie within the 95% limits of 
agreement, the large bias was clinically unacceptable, and 95% Limit of agreement (LoA) (-427.7 to 
202.2) was unacceptably wide. 

Blood samples collected on different sampling dates had significantly different amounts of 
hemolysis, determined by ANOVA (p = 0.0002). However, Kruskall-Wallis testing determined that 
degree of hemolysis had no statistically significant effect on fibrinogen (p = 0.2249). 

Discussion 

According to Geffre [2009], guidelines regarding how to create reference intervals include 
documenting any variation so that clinically significant factors may be controlled. Next establishing 
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inclusion and exclusion criteria. Then determining an appropriate number of individuals. The 
recommended minimum number of individuals is 120. This is the minimum number that can be used 
to determine 90% confidence intervals using nonparametric methods. A lower number is required to 
use parametric methods. 

In wildlife, zoo and exotic animal medicine, it is uncommon for a population of 120 healthy adult 
individuals to be available for reference interval determination. We were limited by our sample size 
of 71, however, this is a larger population size than has been used to establish reference intervals in 
the past for brown pelicans. [Zais, 2000; Ferguson, 2014; Wolf, 1985]. The listed mean values and 
accompanying reference intervals in Table 1 are proposed as updated reference intervals for healthy 
juvenile and adult brown pelicans. The values obtained in this study are recommended for use as 
reference intervals for brown pelicans worldwide due to the large sample size, and the overall health 
of the birds. In addition, this population of pelicans was undergoing rehabilitation after stranding, 
which is frequently the reason why brown pelicans are treated by veterinarians. Stranding may be 
caused by injuries due to man-made disasters such as oil spills, exposure to human objects such as 
boats, or fishing nets and hooks, or due to natural disasters such as hurricanes, or prey shortages. 

There was a statistically significant increase in creatinine and AST with increasing body 
condition score (BCS). This is likely due to increased muscle mass in these birds providing higher 
levels of protein metabolites to create creatinine, and AST as it is derived from muscle as well as liver. 
It was also observed that hematocrit, hemoglobin, sodium and anion gap decreased as BCS 
decreased. It is suggested that these may be indicators of overall vitality, and as body condition score 
decreased, so did overall bodily reserves and health. 

On the 21 January sampling date there was significantly more hemolysis than other sampling 
dates. This may be due to the fact that on this sampling date, the cells and plasma were centrifuged 
and decanted 12 to 24 hours longer after sampling than the other sampling dates. This could also be 
due to different personnel doing the sample collection. Regardless of cause, the hemolysis did not 
appear to affect the fibrinogen values, as the Kruskal-Wallis test revealed no relationship between 
hemolysis and fibrinogen measured by either method. 

Bland-Altman analysis was used to determine whether values obtained using more than one 
methodology are in agreement. When assessing Bland-Altman results, one has to determine to what 
extent three criteria are met. First, whether all values are within the 95% limits of agreement; second, 
whether the bias is clinically acceptable; and third, whether the 95% limits of agreement range is 
clinically small. Values compared in this manner included sodium, potassium, glucose, packed cell 
volume (PCV) vs hematocrit (Hct), and fibrinogen. Sodium, potassium and glucose had good 
agreement, indicating that these different testing analyzers are comparable. The criteria for 
agreement were not met for the fibrinogen or PCV vs Hct. The PCV and hematocrit measurements 
had poor agreement. The authors recommend use of the gold standard, manual PCV, for this value. 
Fibrinogen values via the VSPro equine fibrinogen cartridge and the heat precipitation method had 
no agreement. It appeared that the VSPro often measured lower than the Heat Precipitation method 
to the extent that the bias was greater than -100. 

The goal to establish that the Abaxis VSPro equine fibrinogen cartridge can be used in brown 
pelicans for measurement of fibrinogen was not achieved. The Bland-Altman analysis revealed no 
agreement between the two tests. This may be due to several factors. It has been reported that chicken 
fibrinogen is significantly smaller than human fibrinogen [Pindyck, 1977]. The Fibrinogen-Clauss 
method used by the Abaxis VSPro has been reported to underestimate the fibrinogen level in humans 
with dysfibrinogenemia, a condition where the fibrinogen molecules are smaller than normal, or 
abnormal in shape [Miesbach et al., 2010]. Also, the Fibrinogen-Clauss method uses a reagent that 
was created to test for fibrinogen in mammalian (equine in this case) blood. Comparisons have not 
been made between Pelicaniformes fibrinogen molecules and chicken or mammalian. It may be that 
all avian species’ fibrinogen is smaller than mammalian. This lack of species-specific reagent and 
calibration may cause a false low reading with the Fibrinogen-Clauss method. 

According to the instruction manual for the Abaxis VSPro equine fibrinogen cartridges, presence 
of particulate matter in the blood sample can cause artifactually low readings, or failure to deliver a 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 April 2024                   doi:10.20944/preprints202404.0018.v1



 11 

 

test result. Particulate matter may include platelets, lipemia, or hemolysis. Based on the 
centrifugation of plasma samples according to VSPro manual instructions for obtaining platelet poor 
plasma, platelets should have not been in the samples used for testing. There was a white film floating 
in the top layers of many serum samples that is expected to be lipemia that, while not apparent prior 
to centrifugation, separated out during the centrifugation process. If this layer was taken up into the 
pipette during sample preparation for testing, this could have introduced enough particulate matter 
to produce a lower test result. Many of the samples that had the highest levels of hemolysis (250-500, 
see Figure 1) caused an error message on the analyzer, and no test result could be produced even 
with repeated testing. Our ANOVA between hemolysis and fibrinogen level did not reveal any effect 
of the level of hemolysis on the fibrinogen value, so any effect is expected to be minimal if present at 
all. 

Another possibility for the discrepancy could be sample handling. In the original report where 
the VSPro was validated for use in equines, the blood was drawn, immediately centrifuged and 
decanted, and then frozen to -80ºC. The serum was thawed and used according to packaging 
instructions to obtain values [Epstein, 2012]. This method was used almost exactly, except that the 
plasma and cells were not separated until at least twenty four hours after the blood was collected. It 
may be that this extra time of plasma exposure to the cells caused changes to the fibrinogen so that it 
would not interact in the same way with the test reagents. Fibrinogen has been proven to be stable 
for up to 5 years when serum is frozen at -70ºC, so we suspect that if handling is the culprit, it was 
the extended time in which plasma was exposed to cells [Selman, 2012]. 

We have established that with the procedure that was used here, the Abaxis VSPro equine 
Fibrinogen cartridge is not suitable for measurement of fibrinogen in Brown pelicans. We cannot 
make an assumption that this test would not be suitable for fibrinogen determination in other species, 
such as psittacines or raptors, or if cells were immediately separated from plasma. 

In conclusion, we have presented new reference intervals that we recommend be used when 
assessing health or disease status of adult brown pelicans. We have also established that the Abaxis 
VSPro equine Fibrinogen cartridge is not suited for use in Brown pelicans. 
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