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Simple Summary: Attaining blood samples in cattle is quite tedious and hence needs research on micro-
sampling techniques. This study presents a valuable investigation into the potential of dried blood spot (DBS)
size as a predictor of hematological parameters in cattle. This research is especially relevant given its focus on
a cost-effective and accessible diagnostic approach that may benefit rural and resource-limited areas.

Abstract: The present study was designed with the objective of assessing the potential of size of dried blood
spot (DBS) on a filter paper in predicting hematological attributes viz. RBC count, Hb, PCV and total protein
(TP) in Cholistani cattle blood (n=71). A measured drop of blood was placed carefully on Whatman 42 filter
paper and size was measured using Image] software. Results revealed that Hb had significant (P<0.05) relation
with size of the DBS. The regression equation between Hb and size of DBS was used to deduce corrected Hb
(CHDb). The determined Hb and CHb were non-significantly (P=0.05) different and had a strong agreement. It
is concluded that the size of DBS is a substantially reliable predictor of Hb in cattle blood.

Keywords: dried blood spot; anemia; Cholistani cattle; POCTs

1. Introduction

The indigenous cattle (Bos indicus) breeds of an area have gained substantial attention in last
decade or so as being pivotal for socioeconomic uplift of the natives. Being hardy, tick- and disease-
resistant, they put less economic burden on the livestock keepers as compared to exotic cattle breeds
(Bos taurus) [1-4]. In this perspective, extensive work has recently been reported for various
indigenous livestock species (mostly Sipli sheep and Cholistani cattle) being reared under nomadism
in Cholistan desert of Pakistan [5-8]. Owing to the unique livestock pastoral system of the desert
(transhumanie and nomadic), these animals are normally reared within the premises of the desert,
and are remotely distant from main laboratories. This causes a delay in diagnosis/prognosis of
various diseases as the animals or their biological samples cannot be timely transited to the main
laboratories for testing. Even if they are, the transit time and method of handling the samples produce
erroneous results, ultimately leading to a misdirected diagnosis/prognosis [9-11]. Globally, the
livestock disease diagnosis and control has hence taken a sharp twist in research with focus on
devising and validating various on-field, out-of-laboratory, quick, precise and cost-effective point-
of-care tests (POCTs). With their rapid turnaround time, rapid decision-making and swift patient
care, the POCTs provide an earlier and rightful diagnosis/prognosis which ultimately leads the
practitioners/livestock farmers to a time-appropriate treatment [12-15].

The zebu (humped) cattle breeds, such as Cholistani cattle, are mostly reared in warm climate
zones (WCZs) of the world. These geographic entities have an environment conducive to ticks
resulting in various tick-borne diseases and infections mainly theileriosis, anaplasmosis and
babesiosis. The mainstay of these diseases is multifaceted represented in terms of anemia and an
ultimate loss in productivity [4]. The RBC count, hemoglobin (Hb) and packed cell volume (PCV) are
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vital blood attributes globally acknowledged as indicators of anemia. The multi-species automated
veterinary hematology analyzers are now in vogue which provide a reliable insight into the blood
picture of an animal. However, these analyzers are expensive, need periodic maintenance and trained
personnel, and are mostly located in laboratories distant from the animal herds. Our laboratory has
already reported various novel POCTs in the form of hematological formulae [10,11,16,17] and
various serum color charts [7] for Cholistani livestock. Similarly, we also have reported the
determination of Hb using dried blood spot (DBS) technique on filter paper through indirect
cyanmethemoglobin method for Cholistani cattle [9]. However, research work regarding the
predictive potentiality of a DBS on filter paper to ascertain various hematological attributes in cattle
blood has not been reported as a valid POCT. The present study has therefore been designed with
the main objective of assessing the potential of DBS on a filter paper in predicting hematological
attributes viz. RBC count, Hb, PCV and total protein (TP) in Cholistani cattle blood.

2. Materials and Methods
2.1. Study Location

The blood sampling was carried out in two private livestock farms located within the city of
Bahawalpur, Pakistan whereas the laboratory protocols were conducted at the PG Lab of the
Department of Physiology, The Islamia University of Bahawalpur, Pakistan. Both the farms were
located at a distance of about 3km from the laboratory (20 mins. drive). The city of Bahawalpur is one
of the three main cities (along with Bahawalnagar and Rahim-Yar-Khan) located within the outskirts
of the Cholistan desert, Pakistan. The desert sprawls over an area of 23000km? and has a dry arid
climate, reviewed earlier. Transhumanie and nomadic pastoralism are the two main livestock
systems being carried out by the desert livestock keepers [3,4].

2.2. Study Animals

The study incorporated Cholistani cattle (n=71) being harbored at the two private farms. The
farm personnel briefed that the animals were purchased from local markets based on phenotypic
criteria. The anamnesis regarding the health status of the animals was taken from the farm personnel
and farm records. All the study animals were adult females, belonged to the same age (between 3 to
4 years) and status (mid-lactation) groups. In early mornings, they were sent out for grazing whereas
in the evenings they were being stall-fed with seasonal fodder. Water was provided ad-libitum.
Scheduled visits of veterinarians were made sure at the farms for periodic health assessment,
vaccination and anthelmintics. All the animals were healthy as confirmed through complete blood
count reports.

2.3. Blood Collection and Analysis

Blood was collected aseptically from the upper jugular vein of the cattle under proper restraint
within the farm. Blood collection was carried out once for each animal using disposable syringes
(10mL). Similar restraining protocol, personnel and timing of blood collection was made to ensure
minimal stress to the animal. Collected blood was transferred to a) the purple-topped EDTA-filled
vacutainers and b) yellow-topped clot-activator vacutainers. They were transported to the laboratory
in an ice-box.

In the laboratory, each blood sample was visually assessed for degree of hemolysis as per visual
grading, and hemolyzed samples were discarded. With the help of a single-channel micropipette
(Dragon Lab, China), a measured drop of blood (5pL) was carefully placed on filter paper (Whatman
42, Sigma Aldrich, Germany). This filter paper has a maximum ash of 0.007%, pore size of 2.5um, and
Herzberg filtration speed of 1870S, and has been validated for DBS technique earlier in our laboratory
[9]. The filter paper was allowed to dry under room temperature of the laboratory, constantly
monitored through a hygrometer (HTC-1, China).

The whole blood was analyzed for RBC count, Hb and PCV using a multi-species veterinary
hematology analyzer (Rayto-7600, China)
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Serum was harvested from the other aliquot of blood by spinning at 3000rpm for 15mins using
centrifuge machine (Centrifuge 800, China). Serum was used for TP determination using hand-held
digital refractometer (Serum Protein Tester, DR503, China; performance range: 0.2-14.0g/dL;
accuracy: +0.2g/dL; resolution: 0.1) as per manufacturer’s instructions. Summarily, sample plate was
rinsed with distilled water, dried, and a 0.2-0.3mL drop of serum was carefully placed on the plate.
Reading was provided for TP in g/dL. Each sample was tested for TP twice and means were
calculated for final analysis.

2.4. Image Analysis

The filter papers having DBS were placed under Camera-Equipped Microscope (Labo America,
Lx 400, Inc. U.S.A) at magnification of 100X, and images were taken. Each image of DBS was analyzed
through Image | software (Image J 1.44P, NIH, USA). Post-calibration, using micrometer, the size of
DBS on filter paper was measured in terms of diameter.

2.5. Statistical Analysis

The data analyses were carried out using Statistical Package for Social Sciences (SPSS Windows,
v12, SPSS Inc. Chicago, USA). The normality of the data was assessed visually as well as through
Shapiro-wilk test. Values for the studied attributes (RBC count, Hb, PCV, TP and diameter of DBS)
have been given in means(+SE). Multivariate General Linear Model (GLM) analysis and regression
analyses were carried out to ascertain the predictability of DBS on the studied hematological
attributes and their interrelationships. Regression prediction equations were accordingly deduced.
Noticing significant (P<0.05) effect and predictability of DBS size on Hb, this attribute (Hb) was
further taken ahead, and the regression prediction equation of “Hb(g/dL)= 0.007+xDBS size — 18.21”
was used to deduce corrected Hb (CHb). The CHb and Hb were compared through independent t-
test and simple linear regression. Three tests for confirming the level of agreement i.e. Bland and
Altman, Cronbach alpha and intraclass coefficient were implied between Hb and CHb. Accuracy and
precision of two attributes was ascertained online (https://www.statstodo.com) through Lin’s
concordance correlation coefficient test.

3. Results and Discussion

The DBS technique using filter papers is an easy, quick, transport-ease technique of micro-
sampling which is of paramount importance especially in veterinary diagnostics/prognostics. This
technique has been tested and validated extensively for human diagnostics/prognostics in various
aspects such as Hb and PCV determination [18-20], cell analyses and immunology [21-23], estimating
viral loads [24], and hormonal analyses [25]. However, for veterinary medical sciences, scanty work
has been reported on determining viral loads [26-28], and rat pharmacokinetics [29]. In 2023, two
studies focused on Hb determination for assessing anemia in cats [30] and cattle using DBS [31]. The
present study aimed to assess the predictability of DBS size as to predict RBC count, Hb, PCV and TP
in Cholistani cattle. This technique could be of paramount vitality in resource-poor settings of the
world, especially those where zebu (humped) cattle breeds are being reared under nomadic
pastoralism. The results of the present study clearly demonstrate that the DBS size has a substantial
predictive potential in assessing Hb in cattle. This predictability could have practical benefits for on-
field diagnosis, particularly in remote areas where access to laboratory facilities may be limited.
Given the simplicity of the DBS method, it could be developed into a portable and cost-effective
POCT tool for monitoring anemia in cattle, reducing the need for expensive multi-species analyzers.

The results regarding multivariate GLM and regression analysis between size of the DBS and
various hematological attributes (RBC count, Hb, PCV and TP) is given in Table 1. It was noticed that
a strong positive correlation was found between DBS size and hemoglobin (r= 0.828). The model
explained 76.2% of the variance in hemoglobin levels, and this relationship was statistically
significant (p<0.05). The regression equation suggests that hemoglobin increases by 0.007 g/dL for
each micrometer increase in DBS diameter, which provides clear applicability in field diagnostics.
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However, all other studied blood attributes i.e. RBC count, PCV and TP had a weak and non-
significant (P>0.05) relationship with DBS size. Our results of correlation are not in concordance to
an earlier study reported from Nigeria in which DBS size was assessed for its correlation with various
hematological attributes and it has been reported that the DBS size had a weak negative correlation
(r=-0.281) with Hb [31]. The difference could be attributed to difference in breed and study area.
Furthermore, the Nigerian study has not been supported by additional robust statistical tests which
normally are needed for such studies. Our results are, however, in line with a study conducted on
Hb determination through DBS on filter paper in human which has reported a higher correlation
coefficient of 0.872 [18]. Similarly, a few studies conducted on human blood have also reported
successful Hb determination using DBS [32-34]. It is noteworthy that though the DBS has many
advantages in terms of sampling, transportation, storage and biosafety, yet certain hemorheological
aspects of blood (such as PCV) and environmental conditions (such as temperature and humidity)
are main factors which may hamper DBS-based quantifications [35,36].

Table 1. The overall mean (+SE) values, multivariate general linear model test and regression analysis
between size of dried blood spot (DBS) and various hematological attributes in Cholistani cattle

(n=71).
Attributes Mean(+SE) - Adj-r- Prediction F- Type III Sig.
value square Equation value SS

RBC Count (10'2/uL) 7.00+0.6 0.428 0.066 -8.73+(0.004x) 1.560 4.47 0.251
Hemoglobin (g/dL) 8.95+0.6 0.828 0.762 18.21+(0.007x) 7.880 13.33 0.026
Packed Cell Volume 29.95+2.2 0.554 0.208 -47.0+(0.020x) 3.10 108.26 0.121
(%)
Total Protein (g/L) 58.33+3.2 0.253 -0.070 7.89+(0.013x) 0.479 45.95 0.511
DBS (um) 3954.22+62.6 - - - - - -

After attaining significant effect and predictability of DBS size on Hb in the present study, the
regression prediction equation of “Hb(g/dL)= 0.007+xDBS size — 18.21” was used to deduce CHb. The
statistical difference between determined Hb and CHb is given in Figure 1 which indicated a non-
significant (P=0.05) difference between the two, reinforcing the reliability of the DBS method for Hb
prediction. The values for determined Hb and CHb were 9.07 and 9.26g/dL, respectively. Similarly,
the logilinear scatterplot between determined Hb and CHb is given in Figure 2 indicating an adjusted
r-square value of 0.843 (84.3% probability). Results similar to ours with slightly higher adjusted 1-
square value of 0.9598 have been reported while deducing a comparison of Hb values attained
conventionally and through DBS in humans [18].
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Figure 1. Difference between determined Hb and corrected (CHb) in Cholistani cattle (n=71). The
error bars indicate mean (+SE) values.
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Figure 2. Scatterplot indicating logilinear regression between determined Hb and corrected Hb in
Cholistani cattle (n=71).

On similar pattern, high values of 0.957 and 0.918 for Cronbach alpha and intraclass correlation
coefficient were shown between determined Hb and CHb, respectively. Precision and accuracy were
0.918 and 0.992, respectively (Table 2). The level of agreement between two attributes was further
evident through the Bland and Altman test (Figure 3) which revealed a close agreement with a mean
of 0.195, whereas the upper and lower CIs were 0.345 and 0.045, respectively. Results similar to ours
have been reported earlier for human blood while determining Hb using DBS [18]. Similarly, a strong
correlation (r-value= 0.93) has been reported in a study from Italy between Hb deduced traditionally
and through DBS in human blood [19]. Prior studies conducted on Hb and PCv determination

through DBS have also reported similar values of accuracy, precision and Bland and Altman test as
ours [18,19].

Table 2. Intraclass coefficient correlation, Cronbach alpha and Lin’s concordance test between
determined Hb and corrected Hb (CHDb) in Cholistani cattle (n=71).

Determined Hb versus CHb Precision Accuracy
Intraclass Correlation 95% CI Cronbach Alpha (xa)
Single Measure 0.918 | 0.871-0.948
0.957 0.918 0.992
Average Measures | 0.957 | 0.931-0.973
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Figure 3. Scatterplot of Bland and Altman test between difference of determined Hb and corrected
Hb, and mean of both. Black line indicates mean (0.195) whereas the upper and lower red-dotted
lines indicate upper (0.345) and lower (0.045) values for 95% CI, respectively.

4. Conclusions

In a nutshell, the results of the present study indicate that DBS size is a substantially reliable
predictor of Hb in cattle blood as compared to RBC count, PCV and TP. This indicates practical
implication and feasibility of DBS size in predicting/determining Hb which may be used as a quick,
reliable, accurate, on-field POCT for cattle diagnostics/prognostics, particularly in resource-poor
settings, especially those where zebu (humped) cattle breeds are being reared under nomadic
pastoralism. The present study took only one parameter of DBS in focus i.e. its size. The future studies
may incorporate detailed image analysis techniques combined with advanced algorithms of attained
DBS on filter papers using machine/deep learning models. This could improve the precision of DBS
diameter measurements and correlate them more accurately with blood parameters. Alternatively,
varying the DBS collection methods, such as adjusting blood volumes or using multi-layer filter
papers, could also optimize sample absorption and uniformity, leading to more consistent
correlations with hematological attributes. Finally, standardizing the environmental conditions (e.g.
temperature and humidity) during blood spot drying and storage could minimize variability in the
size and composition of the spots, making predictions for RBC, PCV, and TP more reliable. A
comparative analysis of this technique in blood of healthy and diseased cattle could also be
formulated in future.
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