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Abstract

The objective of this study was to assess the efficacy of a microencapsulated probiotic as an adjunct therapy in rotavirus-
positive diarrhea of neonatal calves that received supportive treatment or supportive along with microencapsulated probiotic
treatment, for 5 days. We examined whether microencapsulated Lactobacillus acidophilus NCDC15 probiotic treatment in
rotavirus-infected diarrhoetic calves led to faster resolution of diarrhea, amelioration of zinc-copper imbalance, improved
the immunoglobulin A and immunoglobulin G, and decreased the inflammatory markers in serum. Calves with rotavirus-
positive diarrhea < 4-week age and fecal scores >2 were randomly assigned into two groups. The supportive along with
microencapsulated probiotic treatment significantly (p < 0.05) increased zinc and immunoglobulin A concentrations and
decreased copper, tumor necrosis factor-o, and nitric oxide level in serum on days 3 and 5 from pretreatment values; the
immunoglobulin G concentration was elevated (p <0.05) on day 5. The mean resolution time of abnormal fecal score was 5.3
and 3.3 days in supportive treatment and supportive along with microencapsulated probiotic groups, respectively, in log-rank
Mantel-Cox test. The calves in the supportive along with microencapsulated probiotic treatment group had faster resolution
of diarrhea than supportive treatment group in Dunn’s multiple comparisons test. This study demonstrates that supportive
treatment along with microencapsulated probiotic administered to naturally rotavirus-infected diarrhoetic calves at onset
of diarrhea led to faster resolution of diarrhea, improved zinc and immunoglobulin levels, and decreased the inflammatory
parameters in serum of rotavirus-infected diarrhoetic calves.
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Introduction

Neonatal calf diarrhea is one of the most common causes
of morbidity and mortality in young calves. It is a disease
complex that is triggered by various factors and infectious
pathogens [1]. Notably, rotavirus is one of the most fre-
quently detected enteropathogen in feces from young diar-
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rhoeic calves [2]. While dehydration and metabolic acido-
sis characterize the disease, it has recently been shown that
rotavirus infection alters the structure of the gut microbiota
and the physiological indices [2]. Acute rotavirus diarrhea
causes severe loss of micronutrients such as zinc and iron,
as well as an increase in copper in circulation, during the
early stages of illness. Zinc, an essential micronutrient, has
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significant role in enhancing the enteric mucosal immunity
to enteropathogens and modulating intraluminal secretion
and electrolyte absorption [3]. Decreased zinc concentration
in serum is observed in acute rotavirus-associated diarrhea
[4]. Zinc supplementation delays diarrhea and expedites
clinical recovery of young calves and human beings with
rotaviral diarrhea [5, 6].

Response of innate immunity of host is vital in limiting
viral infection including rotavirus [7]. Secretion of pro- and
anti-inflammatory cytokines is the part of innate immune
response and plays a crucial role in pathogenesis and immu-
nity of viral diseases [8]. Rotavirus infection induces the
production of various types of interferons and cytokines
from immune cells [8, 9]. TNF-a, a potent inflammatory
mediator, plays a key role in the antiviral immunity and
inhibits rotavirus replication via classical NF-xB signaling
and JAK-STAT pathways [10]. The disturbance of redox
equilibrium, induced by the formation of multiple oxidants
through enzymatic and non-enzymatic reactions, is another
important pathophysiological aspect of viral infection [11].
The non-structural protein 4 of rotavirus stimulates the
release of nitric oxide from the enterocytes, triggering intes-
tinal motility and fluid secretion into lumen through activa-
tion of enteric nervous system [12]. The elevated concentra-
tions of nitric oxide and TNF-a induce chloride secretion in
intestinal epithelial cells leading to more diarrhea [13]. The
rotavirus infection results in serum and intestinal antibody
responses that protect the host from re-infection against diar-
rhea [14]. Among the immunoglobulins, immunoglobulin
A has a multi-faceted role in mucosal immunity, and immu-
noglobulin G is critical to protect from systemic rotavirus
infection [15]. Earlier studies have shown that patients with
rotavirus gastroenteritis have substantially decreased immu-
noglobulin A and immunoglobulin G levels in serum than
healthy one [16].

The symptomatic therapy consisting of aggressive fluid
therapy, nutritional support, and antibiotic therapy to check
secondary bacterial infection is the cornerstone of rotaviral
diarrhea treatment in calves. Although rehydration solu-
tions successfully prevent mortality from severe dehydra-
tion and acidosis, it often fails to shorten the duration of
diarrhea and check high fluid losses [17]. In animal studies,
the use of antiviral medicines such as nitazoxanide, vidara-
bin, cordycepin, and foscarmet for the particular treatment
of rotavirus infection has shown encouraging results [18,
19]. Despite the fact that many effective compounds have
been identified and a few have been successfully used to pre-
vent infection in vivo, commercial progress is still lacking.
While vaccination is another method for avoiding rotavirus
infection, risks of intussusception and bowel obstruction
are thought to be major issues with rotavirus vaccination
[20]. Aside from some limitations, vaccines are not fully
effective, and new episodes may occur, even in vaccinated

children [21]. In calves, two approaches have been used to
prevent rotavirus-associated diarrhea: first, stimulation of
active immunity by vaccinating the newborn calf, and sec-
ond, stimulation of passive lactogenic immunity by vacci-
nating the pregnant dam (maternal vaccination). However,
currently no vaccines are commercially available for calf
rotaviral diarrhea in India. While the numerous medicinal
plant extracts have been reported to exhibit anti-rotavirus
activity, the active ingredients have not yet been isolated
and characterized fully from the promising herbs to develop
anti-rotavirus drugs [22]. Anti-rotavirus activity of some
Indian medicinal plants has also been reported in earlier
studies [23]. Furthermore, scientific studies are required
to investigate the chemical components found in herbs in
large concentrations that have more anti-rotavirus activity
than the crude extract [24]. Since there is no completely
safe method for preventing the rotaviral diarrhea, researchers
have focused their efforts on the potential usages of probiotic
agents as an adjunct treatment for diarrhoetic calves. Probi-
otics are live microorganisms that, when consumed in suf-
ficient amounts, provide health advantages to the recipient
by limiting pathogen colonization and growth in the intestine
of the host, as well as boosting host immunity. The shorten-
ing of duration of diarrhea and shedding of rotavirus by oral
probiotic treatment have been reported in young animals and
infants [25, 26]. Among the probiotics, Lactobacillus spe-
cies have been widely researched probiotic in the treatment
of viral diarrhea because of their high adherence capacity to
enterocytes [27, 28]. The L. acidophilus NCDC135, a dairy
origin probiotic, has shown to reduce the incidence and
duration of diarrhea in crossbred calves [29]. Furthermore,
the dietary supplementation of L. acidophilus NCDC15 in
early weanling piglets has shown to increase the villi height
and crypt depth and decrease the villi: crypt ratio and diar-
rhea scores after weaning. Additionally, supplementation of
the probiotic in basal diet improved the growth performance,
fecal microbial count, and intestinal morphology in grower-
finisher pigs [30]. It is well known that the delivery of oral
probiotics to the gut is often compromised because of their
sensitivity to the low pH of the stomach and the high bile
salt conditions of the small intestine resulting lower efficacy.
The microencapsulation of probiotic is a viable strategy for
the oral delivery of probiotics [31]. The viability losses
can be minimized by microencapsulating the probiotic in
a polymer matrix. The immobilization of probiotic into a
polymer matrix helps to protect its structure in the stom-
ach before degrading and dissolving in the intestine. The
alginate is the most common bacterial encapsulation agent
owing to its safety, its mild gelling conditions, and lack of
toxicity [32]. Moreover, coating of microencapsulated pro-
biotic offers additional benefit such as controlled release
of probiotic in the intestine. From earlier studies, a signifi-
cant protective effect was observed by coating the alginate
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microcapsules with chitosan [33, 34]. The unique advantages
of such microencapsulated probiotic are high biocompat-
ibility, non-toxicity, biodegradability, and cost effective
over other therapeutics; therefore, it is quite suitable for use
in the pharmaceutical industries [35]. In this study, the L.
acidophilus NCDC 15 probiotic was encapsulated in algi-
nate, and the encapsulated probiotic was further coated with
chitosan. Until now, the therapeutic efficacy of such encap-
sulated probiotic in rotavirus-infected diarrhoetic calves is
not investigated. The objective of this study was to evaluate
efficacy of the encapsulated probiotic as an adjunct therapy
in resolution of diarrhea of naturally rotavirus-infected diar-
rhoetic neonatal calves. In addition, we examined whether
the encapsulated probiotic treatment led to amelioration of
zinc-copper imbalance, improved the total immunoglobu-
lins, and decreased the inflammatory markers of serum of
rotavirus-infected diarrhoetic calves.

Materials and Methods
Experimental Conditions and Animals

This was a single-blinded and restricted-randomized study
in neonatal calves and conducted in the institute owned
experimental cattle and buffalo farm from August 2019 to
March 2020. The study was carried out in accordance with
the guidelines of Institute Animal Ethics Committee, and
the protocol was approved by the Purpose of Control and
Supervision of Experiments on Animals, Ministry of Fisher-
ies, Animal Husbandry and Dairying, Government of India
(approval number F.25/02/2020- CPCSEA-DADF).

The experimental cattle and buffalo farm (28° 24’ N and
79° 26" E, 179 m above sea level) of the institute was located
in the northern Indian state. The institute maintains the elite
herd of cattle and buffalo for research and standardization
of management practices for the benefit of researchers and
dairy farmers. After birth, the calves were weighed, and
individual calves were given with unique identification num-
ber. The cattle calves were weaned, fed colostrum, reared
in calf shed, and maintained under standard managemen-
tal conditions. Each calf was housed in separated pens that
were fitted with feeding and watering troughs as required for
calves. The total area per pen was 8.5 m>. The calf house was
equipped with adequate ventilation, and chopped straw was
used as bedding after cleaning manure daily.

Probiotic
A culture of Lactobacillus acidophilus NCDC-15 (dairy
origin) was obtained from National Collection of Dairy

Cultures (Division of Dairy Microbiology, National Dairy
Research Institute, Karnal, India) which was used as
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probiotic to improve growth performance in cattle calves
[36]. The probiotic was encapsulated in alginate, and encap-
sulated probiotic was coated with chitosan [37]. In brief, the
L. acidophilus NCDC15 was revived from glycerol stock and
cultured for overnight to prepare the probiotic product. The
autoclaved sodium alginate (4% w/v) alone or with starch
(2%w/v), and the probiotic culture in de Man, Rogosa and
Sharpe medium (HiMedia Laboratories, Mumbai, India),
was mixed and then sprinkled with calcium chloride (0.5 M)
solution at standardized rate to form the microcapsules. The
formed microcapsules were drained and kept in chitosan
(0.8% w/v) solution for 30 min at refrigeration. After wash-
ing of the microcapsules with sterile normal saline, the via-
ble cell count (colony forming unit) was assessed in 1 g of
microcapsule. The product was stored at room temperature
and at 4 °C, and colony forming unit was assessed till the
count dropped below 10%/g. The survival of microencapsu-
lated probiotic product was better at 4 °C compared to room
temperature until 14 weeks. Further, the microencapsulated
probiotic product was assessed for survival with simulated
gastric juice (pH 2.5) and simulated intestinal juice (pH
7.2). In simulated gastric and intestinal juices, microcapsule
maintained their viability above 10® colony forming unit/g
until 30 min and 120 min, respectively. The microcapsu-
lated probiotic maintained the required colony forming unit
level for more than 14 weeks. Additionally, the probiotic was
observed to resist gastric acidic pH till 120 min.

Experimental Design

The calves under 4 weeks of age and weighing approxi-
mately 27.20 (£0.50 standard deviation) kg were enrolled
for the study. The calves were separated from their dam and
kept in calf section of the farm. The diarrhoetic calves were
selected on the basis of fecal consistency score and clini-
cal dehydration score with or without elevation of rectal
temperature. Calves were not enrolled if they had a fecal
consistency score of 0 or 1 and clinical dehydration score of
0, whereas diarrhoetic calves included with a fecal consist-
ency score of 2 or 3 and clinical dehydration score of 1 or 3
for the study [38]. A total of 34 diarrhoetic calves had been
identified in the study period. For the diagnosis of bovine
group A rotavirus, the fecal material from rectum was col-
lected from each diarrhoetic calf. Prior to confirmatory
diagnosis, irrespective of diarrhoetic calves were randomly
allocated to one of the two treatment groups as supportive
treatment group, fifteen diarrhoetic calves (9 female and 6
male) received supportive treatment (parenteral 0.9% iso-
tonic saline and ringer’s lactate as per the degree of dehydra-
tion two times a day, and sulphamethoxazole + trimethoprim
at the rate of 50 mg/kg, intravenous, twice in a day) and
meloxicam at the rate of 0.4 mg/kg body weight, intramus-
cular route, once daily when indicated and supportive along
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with microencapsulated probiotic treatment group: nineteen
diarrhoetic calves (10 female and 9 male) received encapsu-
lated Lactobacillus acidophillus NCDC 15 as microcapsule
(sodium alginate and chitosan-coated) at the rate of 1 X 10°
colony forming unit /calf, oral route, twice in a day) along
with above mentioned supportive treatment for 5 days. One
gram of solid microencapsulated probiotic (1 x 10° colony
forming unit/g) was fed orally with 10 mL sterile normal
saline solution. Simultaneously six healthy calves (2 female
and 4 male) of similar age group were randomly selected
from normal healthy calf population and were assigned as
healthy control group and they received 10 mL of normal
saline by oral route, twice a day for 5 days as placebo. Each
calf served as study unit. Under the supervision of veteri-
narian, the calf care activities, including date of treatment,
diagnosis, and observation, were carried out. The treatment
regimen for all the participating calves was completed except
one calf in supportive treatment and two calves in support-
ive along with microencapsulated probiotic treatment group
died during the period of study. The primary outcome of the
study was to reduce the fecal consistency score < 1. The sec-
ondary outcome was to reduce the TNF-a and nitric oxide
levels and increase the zinc, immunoglobulin A, and immu-
noglobulin G level. The study flow diagram is depicted in
Fig. 1.

Laboratory Investigation
Detection of Rotavirus in Calf Stool Samples

Approximately 1.0 g fecal samples from diarrhoeic calves
were collected, and a suspension of 10% weight/volume
was prepared with 1X phosphate buffer saline. After thor-
ough mixing by vortex, the coarse debris was removed by

Fig.1 Study flow diagram for
evaluating the efficacy of a
microencapsulated probiotic for
treatment of RV-infected diar-
rhea in neonatal calves as per
CONSORT, 2010, statement

L

centrifugation at 2370 g for 5 min. Total ribonucleic acid
from supernatant was extracted using giazol (QIAGEN, Ger-
many), as per the protocol recommended by the manufac-
turer. For reverse transcription, the protocol described earlier
was followed, and complementary deoxyribonucleic acid
was prepared [39]. For detection of group A rotavirus
infection, diagnostic polymerase chain reaction target-
ing the partial group-specific VP6 gene (forward primer:
S'TTTGATCACTAAYTATTCACC3' and reverse primer:
5'GGTCACATCCTCTCACTA3J') was used, and polymer-
ase chain reaction was performed as stated in earlier pub-
lications [39, 40]. Simultaneously, fecal samples were also
taken from healthy control calves by the rectal ampulla after
manual stimulation for screening rotavirus infection.

Blood Sampling and Processing

Approximately 5.0 mL blood was collected from jugular
vein from each calf, in sterile vials with or without antico-
agulant (dipotassium ethylenediaminetetraacetic acid) before
initiation of treatment and on days 3 and 5 of treatment.
1.0 mL of whole blood was used for hematology and the
remaining 4.0 mL was allowed to clot to retrieve the serum.

Hematology and Serum Biochemistry

Whole blood was used to measure hemoglobin concentra-
tion, packed cell volume, and total leukocyte counts manu-
ally using standard methods [41]. The spectrophotometric
method was employed to estimate total protein (TP) and
albumin concentrations in serum using commercially avail-
able kits (Coral Clinical Systems, Goa, India). Serum globu-
lin concentration was calculated by subtracting the albumin
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concentration from total protein. The albumin/globulin ratio
was also calculated.

Quantification Of Copper And Zinc In Serum

The copper and zinc concentrations in serum were quantified
by spectrophotometric method using commercially available
kits (Coral Clinical System, Goa, India) following the pro-
tocols recommended by manufacturers. The concentrations
of copper and zinc were expressed as pg/dL.

Quantification of Total Immunoglobulin
A and Immunoglobulin G in Serum

Total immunoglobulin A and immunoglobulin G concen-
trations in serum were quantified by spectrophotometric
method using commercially available kits (Coral Clinical
System, Goa, India) following the protocols recommended
by manufacturers. The concentrations of immunoglobulin A
and immunoglobulin G were expressed as mg/dL.

Quantification of TNF-a and Nitric Oxide (NO) in Serum

The commercial TNF-a enzyme-linked immunosorb-
ent assay kit (RayBio® Bovine TNF-alpha ELISA Kit,
Peachtree Corners, GA, USA) was used for the quantitative
estimation of TNF- « in the serum samples following the
protocol recommended by the manufacturers. Serum sam-
ples were diluted 1:2 in assay diluent A before quantifica-
tion. Total serum nitrate/nitrite concentration was assayed
by using acidic Griess reaction which caused color devel-
opment as a result of nitrate reduction with activated cop-
per-cadmium alloy and deproteinization [42]. Reading was
performed in a Multiskan Sky Microplate Reader (Thermo
Fisher Scientific).

Statistical Analysis

The data were analyzed using GraphPad Prism 6 Statistics
Guide. To examine the effect of treatments on the mean
values of hemogram, concentrations of serum biochemi-
cal parameters, copper, zinc, immunoglobulin A, immuno-
globulin G, and TNF-« and nitric oxide repeated measures,
analysis of variance was applied. The multiple comparisons
between groups, days, and the interaction effects were done
by using Tukey honestly significant difference test. An indi-
vidual calf was considered as the experimental unit. The
non-parametric data of fecal and dehydration scores were
analyzed by Kruskal-Wallis test. A log-rank (Mantel-
Cox) test model was used to determine the time to resolu-
tion of an abnormal fecal score between groups. Resolu-
tion was defined as fecal score <1 for 2 consecutive days.
Kaplan—Meier survival functions were also created to graph
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time to resolution of abnormal fecal score by group. Time
to resolution of diarrhea was compared between the groups
with Dunn’s multiple comparisons test. The mean values
and standard errors were reported. The level of significance
was set at 5%.

Results
Diagnosis of Rotavirus Infection

The diarrhoetic calves exhibited the symptoms of anorexia,
profuse watery diarrhea, depression, and dehydration char-
acterized by recession of eye ball in the orbit and prolonged
skin tenting time (> 2 s). Out of 15 diarrhoetic calves of
supportive treatment group, six calves were found posi-
tive for group A bovine rotavirus by reverse transcription
polymerase chain reaction that yielded the amplicon size of
226 bp (Supplementary file 1), and nine calves were found
negative for group A bovine rotavirus. Whereas among the
17 diarrhoetic calves of supportive along with microencap-
sulated probiotic treatment group, six calves were found
positive, and eleven calves were found negative for group
A bovine rotavirus. Simultaneously, the fecal samples of
healthy calves were also screened, but found negative for
group A bovine rotavirus. No differences in clinical signs
were observed to distinguish the diarrhoetic calves with or
without rotavirus infection.

Changes In Hematology And Serum Biochemistry

Before commencement of treatment, the mean packed cell
volume values were markedly increased (p < 0.05), and the
total protein and albumin concentrations were significantly
decreased (p < 0.05) in rotavirus-infected diarrhoetic calves
as compared to healthy control group. Statistically, no sig-
nificant changes of mean hemoglobin, packed cell volume,
total leukocyte count, total protein, albumin, and globulin
concentrations were recorded from day O to 5 in rotavirus-
infected diarrhoetic calves that received only supportive
treatment. The mean total leukocyte count, total protein,
and albumin concentrations were significantly improved
(»<0.05) on day 5 from pretreatment values in rotavirus-
infected diarrhoetic calves that received supportive along
with microencapsulated probiotic treatment. No significant
changes of mean globulin concentration and albumin: globu-
lin ratio were observed from day O to 5 in any of the treat-
ment and control groups. The interaction between treatments
and day for total leukocyte count (p =0.006) was significant,
but such interaction was not present for hemoglobin, packed
cell volume, total protein, albumin, globulin, and albumin:
globulin ratio (Table 1).



Probiotics and Antimicrobial Proteins (2022) 14:1054-1066

1059

Table 1 Quantification of hematological (Hb, hemoglobin; PCV,
packed cell volume; TLC, total leukocyte count) and serum biochem-
ical (TP, total protein; A, albumin; G, globulin) values in whole blood

and serum, respectively, of RV-infected diarrhoetic calves treated
with supportive treatment (RV-ST), ST plus microencapsulated probi-
otic (RV-MP), and control group

Group (n=6) Day 0 Day 3 Day 5 Group mean SEM G D GxD
Hb (gm%)

Control 11334 11.53 11.10 11.32 0.20 0.002 0.095  0.783
RV-ST 13.58 B 12.98 12.35 12.97 0.27

RV-MP 13.0048  12.11 11.55 12.22 0.41

Day mean 12.63 12.21 11.66

PCV (%)

Control 34.004 34.60 33.30 33.96 0.60 0.002 0.095  0.783
RV-ST 40.758 38.95 37.05 38.91 0.81

RV-MP 39.008 36.35 34.67 36.67 1.25

Day mean 3791 36.63 35.00

TLC (10°/pL)

Control 8.60 8.49 8.36 8.48 0.14 <0.001 0.188  0.006
RV-ST 6.70 6.51 6.14 6.45 0.27

RV-MP 5.48* 7.24% 8.31% 7.01 0.41

Day mean 6.93 7.41 7.60

TP (g/dL)

Control 6.024 5.874 6.024 5.97 0.12 <0.001 0019 0244
RV-ST 4.208 4238 4,948 4.45 0.17

RV-MP 4.365% 5.07°Y 5.824 5.08 0.26

Day mean 4.86 5.06 5.59

A (g/dL)

Control 3.184 3314 3.154 3.21 0.05 <0.001  0.003  0.199
RV-ST 1.718 1.878 2.178 1.92 0.10

RV-MP 1.998% 2.22B% 3.114 2.44 0.19

Day mean 2.29 247 2.81

G (g/dL)

Control 2.83 2.56 2.87 2.75 0.11 <0.623 0569  0.663
RV-ST 2.48 2.36 276 2.53 0.17

RV-MP 2.37 2.85 2.71 2.64 0.16

Day mean 2.56 2.59 2.78

A:G ratio

Control 1.16 1.33 1.11 1.20 0.05 <0.016 0420  0.627
RV-ST 0.73 0.84 0.90 0.83 0.08

RV-MP 0.83 0.95 1.18 0.99 0.11

Day mean 0.91 1.04 1.06

SEM, standard error of mean; G, group; D, days; G X D, group X day. Means followed by the same uppercase letters (A, B) are not significantly
different among the groups at p=0.05. Means followed by the same lowercase letters (X, y) are not significantly different among the days at

p=0.05

Changes in Zinc and Copper Concentrations

in Serum

The interaction between treatments and day for zinc
(»=0.02) and copper (p <0.001) concentrations was statis-
tically significant. The mean copper concentration was sig-
nificantly (p <0.05) higher, and zinc concentration was sig-
nificantly (p <0.05) lower in rotavirus-infected diarrhoetic

calves as compared to healthy control group before initia-
tion of therapy. The average copper and zinc concentrations
did not alter significantly from day O to 5 in supportive
treatment group, whereas the mean copper concentration
was significantly (p <0.05) decreased and mean zinc con-
centration was significantly (p <0.05) increased on days 3
and 5 in supportive along with microencapsulated probiotic
treatment group from pretreatment value (Table 2).
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Table2 Changes 9f mean Group (n=6) DayO0 Day 3 Day 5 Groupmean SEM G D GxD
copper (Cu) and zinc (Zn)
in serum of RV-infected Cu (pg/dL)
diarrhoetic calves treated with ) 123,100 12443  12691°®  124.82 215 <0001 <0001 <0.001
supportive treatment (RV-ST),
ST plus microencapsulated RV-ST 198265 171.97®  159.36*  176.53 6.96
probiotic (RV-MP), and control RV-MP 213325 150524  131.56%Y  165.13 9.12
group Day mean 178.23 148.97 139.28
Zn (pg/dL)
Control 99.214 99.894 99.80% 99.63 2.64 <0.001 0.012 0.020
RV-ST 39.198 37.098 48.398 41.56 5.75
RV-MP 467255 82.64%  99.44% 7627 6.96
Day mean 61.71 73.21 82.54

SEM, standard error of mean; G, group; D, days; G XD, group X day. Means followed by the same upper-
case letters (A, B) are not significantly different among the groups at p=0.05. Means followed by the same
lowercase letters (x, y) are not significantly different among the days at p=0.05

Changes In Imnmunoglobulin A And Immunoglobulin
G Concentrations In Serum

A significant interaction was found between treatments
and day for immunoglobulin A concentration (p <0.001),
but such interaction was not present for immunoglobulin
G concentration (p=0.514). A profound decrease of mean
immunoglobulin A concentration (p <0.001) was noted in
serum in rotavirus-infected diarrhoetic calves as compared
to healthy control group before initiation of therapy. Sta-
tistically, no significant alterations of immunoglobulin A
and immunoglobulin G concentrations were observed from
day O to 5 in rotavirus-infected diarrhoetic calves following
supportive treatment. However, the mean immunoglobulin
A concentration on days 3 and 5 and immunoglobulin G
concentration on day 5 were significantly (p <0.05) elevated
from pretreatment value in supportive along with microen-
capsulated probiotic treatment group (Table 3).

Changes in TNF-a and Nitric Oxide Concentrations
in Serum

A significant (p <0.001) interaction was found between
treatments and day for TNF-a and nitric oxide concentra-
tions. The mean concentrations TNF-a and nitric oxide
were significantly (p <0.05) higher in supportive treat-
ment and supportive along with microencapsulated pro-
biotic treatment groups as compared to healthy control
group before initiation of therapy. In supportive treatment
group, the mean TNF-«a concentration was significantly
(p <0.05) decreased on day 5, while nitric oxide concen-
trations remain unaffected from day O to 5, whereas the
mean TNF-a and nitric oxide concentrations in serum
were significantly (p < 0.05) decreased on days 3 and 5
from pretreatment value in supportive along with micro-
encapsulated probiotic treatment group (Table 4).

Table 3 Changes of mean

. > Group (n=6) Day0 Day 3 Day 5 Groupmean SEM G D GxD
immunoglobulin A (IgA) and
%mmunogl?blg\l/ig (f} (Igfi})) IgA (mg/dL)
in serum of R¥-infected Control 34.88%  34.88%  34.82% 34386 004 <0001 <0001 <0.001
diarrhoetic calves treated with B s s
supportive treatment (RV-ST), RV-ST 21.06 25.20 29.10 25.12 1.50
ST plus microencapsulated RV-MP 17.73%% 27398y 338147  26.31 1.82
probiotic (RV-MP), and control Day mean 24.56 29.15 32.58
group IgG (mg/dL)
Control 56.07 54.88%  56.22% 5572 0.97 <0.001 0.101 0.514
RV-ST 41.48 44.16° 46.958 44.20 2.11
RV-MP 4775 54.73%  56.80%  53.09 1.54
Day mean 48.43 51.26 53.33
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SEM, standard error of mean; G, group; D, days; G XD, group X day. Means followed by the same upper-
case letters (A, B)are not significantly different among the groups at p=0.05. Means followed by the same
lowercase letters (X, y, z) are not significantly different among the days at p=0.05
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Table 4 Mean changes of nitric oxide (NO) and tumor necrosis factor-a (TNF-a) in serum of RV-infected diarrhoetic calves treated with sup-
portive treatment (RV-ST), ST plus microencapsulated probiotic (RV-MP), and control group

Group (n=6) Day 0 Day 3 Day 5 Group mean  SEM G D GxD
NO (pg/mL)

Control 4.434 456 4588 452 0.14 <0.001  <0.001 <0.001
RV-ST 8.618 8.19 7.978 8.26 0.24

RV-MP 10.32B% 7.30Y 4484 737 0.64

Day mean 7.78 6.68 5.68

TNF-« (pg/mL)

Control 0.984 0.96%  0.93% 0.6 0.01 <0.001  <0.001 <0.001
RV-ST 10.558% 9.09%%  451%  8.05 0.73

RV-MP 9.058% 2,638 0.98Y 422 0.97

Day mean 6.86 4.23 2.14

SEM, standard error of mean; G, group; D, days; G XD, group X day. Means followed by the same uppercase letters (A, B) are not significantly
different among the groups at p=0.05. Means followed by the same lowercase letters (X, y, z) are not significantly different among the days at

p=0.05

Changes in Clinical Scores and Resolution
of Diarrhea

The median values of fecal consistency and dehydration
scores were significantly (p <0.05) higher in rotavirus-
infected diarrhoetic calves when compared with control group
before initiation of treatment. The median values of fecal con-
sistency score were significantly decreased on day 5 from day
0 and 3 in supportive treatment and supportive along with
microencapsulated probiotic treatment groups. The median

value of dehydration score did not vary significantly from
day O to 5 in supportive treatment and supportive along with
microencapsulated probiotic treatment groups (Fig. 2). The
mean resolution time of abnormal fecal score was 5.3 and
3.3 days in supportive treatment and supportive along with
microencapsulated probiotic treatment groups, respectively.
The calves in the supportive along with microencapsulated
probiotic treatment group had faster resolution of diarrhea
than supportive treatment group in log-rank (Mantel-Cox)
and Dunn’s multiple comparison tests (Fig. 3).
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Fig.3 Results of the Kaplan—Meier failure estimates evaluating days
to resolution of diarrhea to an abnormal fecal score between support-
ive treatment (RV-ST) and supportive treatment plus microencapsu-
lated probiotic (ST-MP) groups by time from initiation of treatment
(Chi square=7.764; df =1; P=0.0053)

Discussion

In the current study, marked increase (p <0.05) of mean
packed cell volume in rotavirus-infected diarrhoetic calves
than healthy control group is due to dehydration resulting
in hemoconcentration [43]. The mechanisms involved in
the dehydration in rotaviral diarrhea are the destruction of
mature enterocytes in gut, viral enterotoxin non-structural
protein 4-mediated Ca*?-dependent transepithelial chlo-
ride ion secretion, inhibition of sodium D-glucose linked
transporter-mediated water reabsorption, reduced activity
of brush border membrane disaccharidases, stimulation
of enteric nervous system, and villous ischemia [44, 45].
Earlier studies also reported the increase of hemoglobin
and packed cell volume in farm animal with rotavirus diar-
rhea [43, 46]. A marked decrease of total leukocyte count
in packed cell volume-infected diarrhoetic calves could be
due to depletion of progenitor cells of bone marrow and
hematopoietic and lymphoproliferative organs [47]. In
rotaviral diarrhea, leucopenia is associated with sepsis and
extravasations of neutrophils at the site of inflammation and
simultaneously inadequate entry of newly formed leukocyte
from lymphoproliferative organs because of compromised
hematopoietic system resulting in reduction of total leuko-
cyte count [48]. In supportive along with microencapsu-
lated probiotic treatment group, the enhancement of mean
total leukocyte count on day 5 of treatment could be due to
stimulation of hematopoietic system and increased innate
immune reactions by probiotic treatment [49]. The increase
of total leukocyte count by lactobacillus probiotic treatments
has been reported in calves [50]. The hypoproteinemia and
hypoalbuminemia in rotavirus-infected diarrhoetic groups
are the result of protein losing enteropathy from damaged
intestinal mucosa and increased intestinal mucosal perme-
ability [51, 52]. Here, the elevation of mean total protein

@ Springer

level on days 3 and 5 and albumin level on day 5 in sup-
portive along with microencapsulated probiotic treatment
group might be due to gut mucosa protective mechanism
of probiotic, and the findings are in accordance with earlier
studies in broiler chicken [53].

The early reaction of the host to rotavirus infection is the
acute-phase response through the induction of cytokines,
resulting in the production of acute-phase proteins. Neo-
natal calf diarrhea with rotavirus infection substantially
increases acute-phase proteins including ceruloplasmin and
transferrin in the circulation [54]. The ceruloplasmin, the
major copper-binding protein, has an essential role in iron
metabolism and the elimination of free iron. The copper
concentrations, unlike iron and zinc, increase as part of the
acute-phase response. Zinc is a negative acute-phase reac-
tant, and around 90% of circulating zinc is bound to albumin.
Therefore, hypoalbuminemia lowers the zinc level in serum
[55]. In the current study, increased copper level could be
a result of acute-phase response, and low zinc level may be
due to decreased absorption or protein loosing enteropathy
in rotavirus-infected diarrhoetic calves. The similar findings
were recorded in earlier studies on pediatric patients with
rotaviral gastroenteritis [4, 56]. The absorption of copper in
intestine is dependent on at least two transport proteins, the
high-affinity copper transporter 1 (CTR1) and ATP7A that
is a copper-transporting P-type ATPase [57]. Recently, it
has been reported that L. acidophilus probiotic has a nega-
tive effect related to the decrease expression of the copper-
translocating P-type ATPase gene that encodes for proteins
required for the transport and delivery of copper [58]. Here,
the drop in serum copper concentration following probiotic
therapy in rotavirus-infected diarrhoetic calves might be due
to poor absorption of copper in the intestine by inhibition
of copper transport proteins by probiotic [59]. Although no
direct effect of probiotics on zinc and copper is evident, its
effect on the iron status of the host has been reported, which
indirectly modulates the copper and zinc level in serum [60].
Skrypnik et al. [61] observed that the concentrations of cop-
per and zinc in the internal vital organs were substantially
improved by probiotic supplementations in rats. The probi-
otic’s adsorption ability of zinc varies with probiotic strains
and depends on its properties such as structure, functional
groups, and surface area [62]. It is reported that lactoba-
cilli probiotics act as good vehicle for biotransformation of
inorganic minerals into more bioavailable organic form, in
which zinc binds in the form of protein complexes leading
to absorption into the gut [63]. The marked improvement
of zinc level in serum in the present study following probi-
otic therapy in rotavirus-infected diarrhoetic calves might
be due to increased bioavailability of zinc for absorption by
probiotic. The amelioration of mineral imbalance by probi-
otic supplementation has been reported in laboratory animal
model [64].
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A profound decrease of immunoglobulin A and immu-
noglobulin G concentrations in serum of rotavirus-infected
diarrhoetic calves than healthy control calves in this study is
in accordance with our earlier research and other investiga-
tions on neonatal animals [46, 54]. In the probiotic treatment
group, the average serum immunoglobulin A and immuno-
globulin G levels were significantly (p <0.05) increased on
days 3 and 5 of treatment. The beneficial effects of probiotics
have been explained by its immunomodulatory role [65].
It is reported that L. acidophilus potentiates both cellular
and humoral immune responses following oral rotavirus
vaccination and stimulates mucosal and systemic T and B
cell responses to viral infection [66]. Enhancement of the
immunoglobulin A and immunoglobulin G concentrations
in systemic circulations by oral probiotic supplementations
has been observed in neonatal calves and lambs [67, 68]

A significant increase (p < 0.05) of serum nitric oxide and
TNF-a in rotavirus-positive diarrhoetic calves than healthy
calves in this study could be due to increased expression of
inducible nitric oxide synthase and secretion of inflamma-
tory cytokines from intestinal epithelial cells and immune
cells by the enterotoxigenic effect of NSP4 of rotavirus as
reported in diarrhoetic calves and piglets [69, 70]. The anti-
inflammatory and immunomodulatory potential of probiot-
ics has been documented in gastrointestinal diseases [71].
In our study, mean nitric oxide and TNF-a concentrations
were significantly (p <0.5) decreased on days 3 and 5 from
pre-treatment value in rotavirus-positive diarrhoetic calves
treated with supportive along with microencapsulated pro-
biotic treatment, and the findings are in accordance with
earlier in vivo and in vitro studies [72-74]. The L. acidophi-
lus has a role in decreasing serum nitric oxide and TNF-a
concentrations by its antioxidant and anti-inflammatory
properties as observed in piglets and in vitro studies [73, 75].

In rotavirus infection, two important pathways are known
to develop diarrhea. One is directly linked to the destruction
of mature enterocytes by the lytic effect of virus, and another
pathway is the production of rotaviral enterotoxin that is non-
structural protein 4 [76, 77]. The NSP4 induces diarrhea by
removing Ca** from the endoplasmic reticulum resulting in
loss of chloride ions and electrolyte homeostasis [78, 79].
Longer period of diarrhea by rotavirus causes more loss of
fluids, resulting in dehydration and electrolyte abnormalities
[80]. Hence, shortening of duration of rotaviral diarrhea is
utmost important for speedy recovery. In this study, the time
to resolution of diarrhea was markedly (p <0.05) lower in
supportive along with microencapsulated probiotic treatment
group than supportive treatment group when evaluated with a
log-rank (Mantel-Cox) test. In supportive along with micro-
encapsulated probiotic treatment group, duration of diarrhea
was reduced by 2.0 day as compared to supportive treatment
group, and it could have prevented the loss of fluid and elec-
trolyte over that time. Probiotics of Lactobacillus strains and

their metabolites such as organic acids, hydrogen peroxide,
and proteinaceous molecules exhibit anti-rotaviral activities
through a variety of mechanisms, including blocking virus
attachment to cell surfaces, lowering rotavirus induced reac-
tive oxygen species, and decreasing IL-6 production [81, 82].
Hemaiswarya et al. [83] observed that the lactic acid bacteria
diminish rotavirus diarrhea by increased mucosal immunity
through inducing immunoglobulin A-specific antibody-
secreting cell. Recently, it is documented that metabolites of
Lactobacillus strains show antiviral activity against rotavirus
by reducing of NSP4 production and Ca* liberation from the
intracellular site [84]. Here, in the log-rank (Mantel-Cox)
test, the decreased time to resolution of diarrhea in supportive
along with microencapsulated probiotic treatment group than
supportive treatment group might be due to different anti-
rotavirus mechanisms of L. acidophilus probiotic. Another
reason might be better survival of microencapsulated pro-
biotic during harsh abomasal acidic pH, due to encapsula-
tion with sodium alginate and chitosan coating resulting in
adequate availability at the site of action [85, 86].

In conclusion, results of the study support the advantage
of microencapsulated L. acidophilus NCDC 15 probiotic as
an adjunct therapy in treating rotavirus-infected neonatal
calf diarrhea over supportive therapy alone. Besides resolu-
tion of diarrhea, it resulted in improving the leukocyte count
in blood, total protein, albumin, zinc, immunoglobulin A,
and immunoglobulin G levels and decreasing the copper
and inflammatory parameters (nitric oxide and TNF-«) in
serum of rotavirus-infected diarrhoetic calves. Thus, the
encapsulated probiotic can be considered as a new candidate
approach for additional treatment of rotavirus-infected neo-
natal calf diarrhea. Our findings suggest that microencapsu-
lated L. acidophilus NCDC 15 probiotic may be useful for
the treatment of acute rotaviral enteritis in neonatal calves
as an adjunct therapy without adverse effects. However, to
gain an improved understanding of the clinical response,
additional studies involving larger number of rotavirus-
associated neonatal diarrhea cases are warranted.

Supplementary file 1 Agarose gel electrophoresis of RT-
PCR of mammalian group A rotavirus using primer pair
RVA-D-226-FP and RVA-D-226-RP. Lane M: 100 bp DNA
ladder as marker. Lane P: positive control. Lane N: negative
control. Lanes 1, 4, 6-7, 8-9, 12, 14-17, 19-20: positive for
group A bovine rotavirus. Lanes 2-3, 5, 10-11, 13 and 18:
negative for group A bovine rotavirus.
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