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Comparison of a human portable glucometer and an automated chemistry
analyzer for measurement of blood glucose concentration in pet ferrets
(Mustela putorius furo)

Noémie M. Summa, David Eshar, Bridget Lee-Chow, Sylvain Larrat, Dorothy C. Brown

Abstract — This study compared blood glucose concentrations measured with a portable blood glucometer and
a validated laboratory analyzer in venous blood samples of 20 pet ferrets (Mustela putorius furo). Correlation and
agreement were evaluated with a Bland-Altman plot method and Lin’s concordance correlation coefficient. Blood
glucose concentrations measured with the laboratory analyzer and the glucometer ranged from 1.9 to 8.6 mmol/L
and from 0.9 to 9.2 mmol/L, respectively. The glucometer had a poor agreement and correlation with the laboratory
analyzer (bias, —0.13 mmol/L; level of agreement, —2.0 to 3.6 mmol/L, concordance correlation coefficient 0.665).
The relative sensitivity and specificity of the portable blood glucometer for detection of hypoglycemia were 100%
(95% CI: 66% to 100%) and 50% (95% CI: 20% to 80%), respectively. Positive and negative predictive values
were 67% (95% CI: 39% to 87%) and 100% (95% CI: 46% to 100%), respectively. Based on these results,
clinicians are advised to be cautious when considering the results from this handheld glucometer in pet ferrets,
and blood glucose concentrations should be determined with a laboratory analyzer validated for this species.

Résumé — Comparaison entre un lecteur de glycémie portable pour humain et un analyseur automatisé de
biochimie dans le but d’évaluer de la glycémie chez des furets domestiques (Mustela putorius furo). Lobjectif
de I'étude érait de comparer les valeurs de glycémie mesurées par un glycomeétre portable et un analyseur de
laboratoire certifié pour des prélevements sanguins veineux effectués sur 20 furets de compagnie (Mustela putorius
furo). Léquivalence des méthodes a été évaluée grice a un diagramme de Bland-Altman et au coefficient de
corrélation de concordance de Lin. Les glycémies mesurées par I'analyseur de laboratoire et le glycométre éraient
respectivement comprises entre 1,9 4 8,6 mmol/L et de 0,9 29,2 mmol/L. Les degrés d’agrément et de corrélation
entre le glycomeétre et 'analyseur de laboratoire étaient faibles (biais, —0,13 mmol/L; niveau d’agrément, —2,0 a
3,6 mmol/L, coefficient de corrélation de concordance 0,665). La sensibilité et la spécificité du glycomeétre
concernant la détection d’hypoglycémie étaient respectivement de 100 % (95 % CI : 66-100 %) et de 50 % (95 %
CI : 20-80 %) et les valeurs predictives positive et negative étaient respectivement de 67 % (95 % CI : 39-87 %)
et de 100 % (95 % CI : 46-100 %). En sappuyant sur ces résultats, 'utilisation d’un glycomeétre portable devraient
étre réalisée avec précaution en pratique chez les furets de compagnie et les valeurs de glycémie devraient étre
déterminées par un analyseur de laboratoire certifié pour cette espece.
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Introduction

Accurate and efficient assessment of blood glucose concentra-
tion is critical in clinical management of many pathological
conditions in veterinary medicine, especially in ferrets (Mustela
putorius furo). Insulinoma is a common disease of middle-aged
to old ferrets, and represents more than 20% of the neoplasms
in this species (1,2), although other disorders may also cause
hypo- or hyper-glycemia (3,4). Reliable, rapid, and repeated
measurements of blood glucose concentration are necessary to
diagnose and manage these conditions in ferrets.

Measurements of blood glucose concentration are best deter-
mined by standardized laboratory techniques using blood (serum
and plasma) biochemistry analyzers that are verified for the
animal species being tested (5). However, disadvantages include
the time needed to obtain the results, and, more importantly, the
challenging requirement of a relatively large sample volume that
may not be available due to the ferret’s small body size. During
the last 20 years, many portable blood glucometers (PBGM)
for humans and animals have appeared on the market. They
are readily available, inexpensive, and provide immediate results
while utilizing small quantities of capillary blood. The use of
PBGM has been recommended in measurement of blood glucose
concentration in ferrets (3,5,6); however, recent evidence showed
that several brands of PBGM were unreliable in this species (7).

The purpose of this study was to assess the clinical relevance
of a previously untested model of PBGM designed for human
use (h-PBGM) by determining the correlation and agreement
of its blood glucose measurements in ferrets with those from a
laboratory analyzer. Based on our clinical experience and on cur-
rent evidence (7), our hypothesis was that the h-PBGM would
yield inaccurate blood glucose concentration measurements,
making it unreliable for clinical use in ferrets.

Materials and methods

Ferrets

As part of the routine clinical evaluation, blood samples were
collected from 20 ferrets that were presented to the Avian and
Exotics Service, Ontario Veterinary College, between April 2011
and June 2012. For each sample, blood glucose was measured
with a single h-PBGM and a plasma biochemistry analyzer.

Protocol

Blood samples were collected from the cranial vena cava or the
external saphenous vein, using a 25-gauge needle. A drop of
fresh whole blood was immediately analyzed with an h-PBGM
(Contour® blood glucose monitoring system; Bayer HealthCare,
Mishawaka, Indiana, USA). The remaining whole blood was
then placed in tubes coated with lithium heparin (Microtainer
BD Bioscience, Franklin lakes, New Jersey, USA). The hepa-
rinized sample was centrifuged within 15 min, the plasma was
then separated and kept refrigerated at 4°C until the analysis
was performed within 12 h (4). Plasma glucose concentration
was determined with an automated chemistry analyzer (Cobass
C311 analyzer; Roche Diagnostic GmbH, Indianapolis, Indiana,
USA) by trained laboratory technicians, who were unaware of
the results obtained from the h-PBGM.

866

Analyzers
The Contour® h-PBGM was evaluated in this study as this
glucometer was the one used at the OVC-HSC and its reliability
needed to be determined. This PBGM is based on measurement
of electrical current caused by the reaction of blood glucose
with the reagents (FAD glucose dehydrogenase and potassium
ferricyanide) on the electrode of the strip. The generated current
is proportional to the glucose concentration. The glucometer
requires 0.6 LL of whole blood and gives results in 5 s in blood
glucose concentration in the range of 0.6 to 33.3 mmol/L.
Precision and accuracy data provided by manufacturers state
a coefficient of variation < 3%. The PBGM was calibrated as
directed by the manufacturers. It was consistently used in similar
environmental conditions according to the manufacturer’s direc-
tions except that venous, instead of capillary, blood was taken.
The automated chemistry analyzer measures plasma glucose
concentration based on a reference method via an enzymatic
hexokinase oxidase reaction. Results of the reaction are detected
photometrically. According to the manufacturer, lipemia, hemo-
lysis, or icterus have no significant interference with glucose
results. The analyzer was calibrated daily, using commercial
quality control standards.

Data analysis

Normality of distribution for blood glucose concentration val-
ues was based on skewness and kurtosis. Normally distributed
variables were described as means and standard deviations, non-
normally distributed variables were described as medians and
ranges. The glucose concentrations from the h-PBGM and the
laboratory analyzer were classified as hypoglycemic [glucose con-
centration < 4.1 mmol/L, Animal Health Laboratory (AHL),
University of Guelph, Guelph, Ontario], euglycemic (glucose
concentration, 4.1 to 7.4 mmol/L, AHL), or hyperglycemic (glu-
cose concentration > 7.4 mmol/L, AHL). Bias was defined as
the mean difference between the 2 methods. Agreement between
the PBGM and the laboratory analyzer results were evaluated
graphically with a Bland-Altman plot, with a regression analysis
for the average and the difference of the 2 methods, and with
calculation of Lin’s concordance correlation coefficient (CCC)
using a statistical software (STATA 11, Statacorp, College
Station, Texas, USA) (8—10). The value of the CCC was inter-
preted as follows: > 0.99, almost perfect strength-of-agreement;
0.95 to 0.99, substantial strength-of-agreement; 0.90 to 0.95,
moderate strength-of-agreement; < 0.90, poor strength-of-
agreement (11). Current standards in human medicine rec-
ommend that the accuracy of a PBGM be within 15% of the
reference value (12,13); therefore, all results were examined for
the percentage of values outside of this range. The association
of variables (i.e., hematocrit, red blood cell count, hemoglobin,
protein level, creatinine, and time to analyzing the sample)
with the difference in glucose concentrations delivered by the
h-PBGM values compared to the laboratory analyzer was evalu-
ated by linear regression modeling. Two-way interactions among
the main effects were investigated first. Univariate analysis was
performed and variables with a value of P < 0.20 were evaluated
in a multivariable model. A given variable was retained in the
multivariable model when the value of P for that variable was
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Figure 1. Bland-Altman difference plot of glucose concentration
measures with a portable blood glucose meter and a laboratory
analyzer in 20 samples of fresh whole blood and plasma from
ferrets with various diseases.

= 0.05. All analyses, including graphical analyses to evaluate
model assumptions, were performed by use of STATA 11.

Results

Plasma glucose concentrations measured by the laboratory
analyzer were normally distributed and ranged from 1.9 to
8.6 mmol/L (mean * SD, 4.60 = 1.82 mmol/L). Blood glucose
concentrations with PBGM were not normally distributed and
ranged from 0.9 to 9.2 mmol/L (median, 3.3 mmol/L). Blood
glucose concentrations for each method were contained respec-
tively within the range of the h-PBGM (0.6 to 33.3 mmol/L)
and of the laboratory analyzer (0.1 to 41.6 mmol/L). Seven
ferrets had confirmed insulinoma, 3 ferrets were healthy, and
the remaining 10 ferrets had a variety of medical conditions.

On average, the 2 methods seemed to yield similar results
(bias = 0.84 mmol/L); however, the range of variation of the
difference between the 2 methods (LOA, —2.0 to 3.6 mmol/L)
was relatively wide in comparison to the in-house laboratory
reference range (RR) of blood glucose concentration reported
for ferrets (4.1 to 7.4 mmol/L). Regression analysis showed that
the bias was consistent over the range of blood glucose measured
(P = 0.57), which could visually be confirmed on the Bland-
Altman plot (Figure 1). The CCC was 0.665, which corresponds
to a poor agreement between the 2 methods (Lin’s concordance
correlation coefficient, CCC < 0.90) (11). Only 6/20 (30%) of
the h-PBGM values were within 15% of the laboratory analyzer
values, the range recommended by current standards in human
medicine (12,13).

The laboratory analyzer readings showed that almost half of
the ferrets (9/20) had a blood glucose value within the reference
range, 1 animal was hyperglycemic, and 10/20 were below the
reference range (Table 1). Based on the cohort included in this
study, the prevalence for hypoglycemia in sick ferrets was thus
50% (95% CI: 27% to 72%). The relative sensitivity of the
PBGM for detection of hypoglycemia was 100% (95% CI: 66%
to 100%) and its relative specificity was 50% (95% CI: 20%
to 80%). With the current prevalence, the positive predictive
value for the PBGM was 67% (95% CI: 39% to 87%). This
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means that the PBGM incorrectly indicated hypoglycemia in
5/15 ferrets (33%). The negative predictive value for this test
was 100% (95% CI: 46% to 100%) since the PBGM detected
all hypoglycemic animals in our study. There was no statisti-
cally significant association in the difference between laboratory
analyzer and h-PBGM blood glucose concentrations and any of
the variables evaluated in linear regression analysis, except for
the time between sampling and blood analysis with the labora-
tory analyzer. For every 60-minute increase in time interval, the
difference between the results of the 2 methods decreases by
0.1 mmol/L (95% CI: 0 to 0.2). Hematocrit values in the study
ranged from 0.29 to 0.57 (mean * SD, 0.44 = 0.07, RR: 0.42
to 0.68) (14); 35% (7/20) of the ferrets had an abnormally low
hematocrit compared to the reference range (Figure 2).

Discussion

Overall, blood glucose concentrations measured by the h-PBGM
used in this study were inconsistent compared with those from
the laboratory analyzer. This is in agreement with the report of a
recent study, in which 2 other h-PBGMs (AccuCheck Aviva and
OneTouch Ultra 2) repeatedly underestimated blood glucose
concentration in samples from ferrets (7). Utility and accuracy
of some PBGM devices have been studied in dogs (15-18),
cats (19), mice (20), rats (20,21), Hispaniolan Amazon parrots
(22,23), rhinoceros auklets (24), white-tailed deer (25), cattle
(26), sheep (26), and horses (27). The PBGM of those studies
did not have an exact agreement with the automated analyzer.
In our study, although the mean bias was small, the h-PBGM
inconsistently and sometimes largely underestimated or, to
a lesser extent, overestimated the laboratory analyzer values.
Because of these important variations, no correction factor could
be generated for the blood glucose concentration values of the
h-PBGM. In addition, the 95% LOA (—2.0 to 3.6 mmol/L),
represents too large a range to be acceptable for clinical assess-
ment of glycemic status in ferrets.

In other species, the reliability of PBGM is controversial.
Some authors concluded that glucose values with PBGM would
have resulted in erroneous clinical decisions in dogs (16,18) and
birds (22,24), but other studies considered that some PBGMs
were acceptable for clinical use in dogs (15,17), cats (19,28),
cattle (26), sheep (26), horses (27), mice (20), and rats (20).
These divergent results may in part be attributed to the PBGM
used, since some models have been documented to differ in
their reliability (15,19). For instance, in dogs (15), cats (19),
and ferrets (7), comparative studies showed that h-PBGM had
a greater disagreement with laboratory analyzer values compared
with PBGM designed for veterinary use (v-PBGM). In ferrets,
the v-PBGM coded to test a canine blood sample had a better
agreement compared with the same v-PBGM coded to test
feline blood (7).

The high rate of falsely hypoglycemic ferrets diagnosed by the
h-PBGM in our study is similar to the rate reported for other
h-PBGM in ferrets (14% to 31%) (7). Precision and accuracy
data provided by manufacturers state a coefficient of variation
< 3% for the h-PBGM and coefficient of variation < 1.5% for
the laboratory analyzer, respectively, which could only partially
explain the variations in our values. In ferrets, a v-PBGM set to
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Table 1. Mean difference + SD (mmol/L) bias calculated by averaging the difference
between laboratory analyzer and human portable blood glucometer results for blood
glucose concentrations obtained from venous blood samples in 20 ferrets (Mustela
putorius furo). Blood samples were classified as hyperglycemic, hypoglycemic, or
euglycemic based on the laboratory analyzer results.

Blood sample category

Number of Hyperglycemic Hypoglycemic Euglycemic Total
samples () (n=1) (n=10) (n=9) (n = 20)
PBGM median 8.6 (8.6-8.6) 2.7(0.9-3.9) 3.5(2.5-9.2)  3.3(0.9-9.2)

(range)

Hypoglycemic glucose concentration: < 4.1 mmol/L; euglycemic glucose concentration: 4.1 to
7.4 mmol/L; hyperglycemic glucose concentration: > 7.4 mmol/L; PBGM = portable blood glucometer.

“canine” mode showed better performance since it erroneously
resulted in glucose values within the hypoglycemic range in only
4% of the samples (7). However, the h-PBGM used in this study
had a good sensitivity and negative predictive value, even if these
values may be overestimated by the small sample of ferrets, thus
suggesting the use of this h-PBGM as a fast pre-screening test
for detection of hypoglycemia in ferrets.

In human studies, error grid analysis is currently considered
the standard method to evaluate the clinical relevance of errone-
ous decisions based on PBGM values (29-31) and its use in a
study with dogs has previously been described (15). However,
error grid was not used in the present study due to the small
sample size.

According to the manufacturers’ recommendations, whole
blood was used for the PBGM and plasma was used for the
laboratory analyzer. As glucose is uniformly distributed in water
(H,0) components and as there is less H,O in erythrocytes than
in plasma, whole blood glucose concentrations measured by
some methods are lower than those of plasma (4). The PBGMs
are calibrated to account for this difference, but they cannot
adapt to changes in hematocrit, even though the H,O content
of whole blood and thus the glucose concentration of whole
blood varies with its hematocrit (4). One hypothesis for the
disagreement between h-PBGM and laboratory analyzer values
is that ferrets have higher hematocrit values compared with
humans (mean 0.52 in ferret versus mean 0.44 in humans)
(3), as previously hypothesized for birds (22,23). However,
mean hematocrit in the ferrets of this study was 0.44, which
is similar to human hematocrit. Lower and higher hematocrits
with h-PBGM and v-PBGM have respectively a positive and a
negative bias on blood glucose values in humans (32) and dogs
(17). This bias varies depending on glucometer technology in
humans (33) and may cause a variation from 4% to 30% of
glucose concentration for every 10% change in hematocrit (12).
In dogs, v-PBGM performed better than h-PBGM when hema-
tocrit was within or above its reference interval (34), whereas
h-PBGMs were more accurate in anemic dogs (34). However, in
this study, the effect of hematocrit on the difference between the
laboratory analyzers and the PBGM results was not statistically
significant and could not explain the disagreement between the
2 methods.

In this study, there was a significant effect of the time inter-
val on the difference between the two methods: the difference
decreased when the time interval increased, which can be
explained by glucose consumption by the red blood cells.
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hematocrit

Figure 2. Box plot of the distribution of the hematocrit values in
the ferrets of the study. The outer bounds of the boxes represent
the interquartile range; the median is represented by the midline.

Venous blood was used in this study instead of the capillary
blood recommended by the manufacturer. Because of tissue
utilization of glucose, postprandial blood glucose concentrations
from capillaries are typically higher than from venous blood by
1.1 to 3.9 mmol/L. When animals are fasting, this difference is
reduced to 0.11 to 0.28 mmol/L (35). In this study, all ferrets
were fasted before a blood sample was taken. Therefore, using
venous blood instead of capillary blood is unlikely to have
induced a major bias in the results.

Blood glucose concentration may have an effect on PBGM
values, as PBGM may be unreliable in the hypoglycemic or
severely hyperglycemic ranges (12). In dogs disagreement
between h-PBGM and automated analyzer was greater at higher
glucose concentration (15,17,18). Such a proportional bias
was not described for v-PBGM (15). In the current study, the
agreement between the h-PBGM and the laboratory analyzer
seemed to improve with low blood glucose concentrations,
although the limited number of samples may be responsible for
this distribution.

The major limiting factor of this study was the small sample
size, as a larger number of ferrets could have resulted in different
LOA and in better agreement between the 2 methods. Future
studies to evaluate the accuracy of any PBGM should include
a larger sample size.

As hypoglycemia is a common clinical disorder in ferrets,
handheld blood glucometers seemed promising to facilitate
diagnosis and monitoring of this condition. These study results,
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in accordance with previous evidence (7), suggest that PBGMs

do not yield reliable blood glucose measurements in ferrets in

clinical settings. However, as the sensitivity and negative predic-
tive values of the h-PBGM evaluated in this study were high,
the use of this PBGM as a rapid preliminary screening test for

detection of hypoglycemia in ferrets may be considered with

caution, and low blood glucose concentrations detected by the

PBGM should be confirmed by a validated laboratory analyzer.
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