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ABSTRACT

Objectives of this study were to determine effects 
of meloxicam administered in 2 forms on IgG uptake, 
growth, and health of preweaned calves. Sixteen Hol-
stein bulls and 14 heifers with a body weight (BW) of 
44.3 ± 5.24 kg were blocked by birth date in a ran-
domized complete block design. Calves were removed 
from the dam before suckling, weighed, and randomly 
assigned to 1 of 3 treatments: (1) colostrum replacer 
(CR) at 0 h with no meloxicam (control; CON), (2) 
1 mg/kg of BW of meloxicam in pill form before CR 
(PL), or (3) 1 mg/kg of BW of meloxicam mixed in 
solution with CR (SL). Calves were fed 675 g of dry 
matter of CR, providing a volume of 3 L and 180 g of 
IgG. Blood samples were collected at 0 h to analyze 
initial IgG and ketone concentrations, and at 6, 12, 
18, and 24 h to analyze IgG uptake. At 24 h, calves 
were fed 432 g of dry matter of 24% crude protein 
milk replacer (MR) split in 2 feedings, and free choice 
starter and water until 42 d. Weekly blood samples 
were analyzed for glucose, plasma urea nitrogen, and 
ketone concentrations. Time of consumption of MR, 
BW, length, hip and withers height, and heart girth 
were recorded weekly. All calves achieved adequate 
transfer of immunity. Meloxicam did not affect appar-
ent efficiency of absorption, serum total protein, or IgG 
uptake at 6, 18, and 24 h; however, meloxicam-treated 
calves had lesser IgG concentrations at 12 h (24.40 and 
22.59 g/L for PL and SL, respectively) compared with 
CON (28.47 g/L). Meloxicam treatment did not affect 
BW. Calves that received PL tended to gain length 
at a faster rate (0.24 cm/d) than those that received 
SL (0.19 cm/d). Meloxicam treatment did not affect 
MR intake, time of consumption of MR, total dry mat-
ter intake, or feed efficiency. Meloxicam-treated calves 
tended to consume more starter (560.4 and 515.4 g/d 
for PL and SL, respectively) than those that received 

CON (452.6 g/d). Ketone levels tended to be greater 
in meloxicam-treated calves (0.15 and 0.17 mmol/L for 
PL and SL, respectively), suggesting improved rumen 
development compared with those that received CON 
(0.12 mmol/L). Meloxicam treatment did not affect 
plasma urea nitrogen . Glucose concentrations of calves 
that received PL (73.2 mg/dL) were less than those 
that received SL (83.3 mg/dL). Results of this study 
suggest that meloxicam given at 0 h offers positive 
effects on starter intake, and possibly rumen develop-
ment, of preweaned dairy calves. Treatment PL, as 
compared with SL, offered positive results for rumen 
development, indicated by lower blood glucose levels.
Key words: calf, meloxicam, nonsteroidal anti-
inflammatory drug, colostrum, immunoglobulin G

INTRODUCTION

The ability of the small intestine of the newborn calf 
to nonselectively absorb immunoglobulin (Michanek et 
al., 1989) is affected by stress or trauma at calving 
(Beam et al., 2009). Parturition, during which a calf 
is ejected from a controlled, sterile environment into 
an external environment (Murray and Leslie, 2013), 
can become more distressing depending on environ-
mental conditions (Uetake et al., 2014; Murray et al., 
2015a,b,c), intervention from staff (Dufty, 1973), feto-
pelvic disproportions, and calf presentation (Mee, 2008; 
Murray and Leslie, 2013). Such complications can result 
in injuries such as fractures, umbilical ruptures (Szenci 
et al., 1988), asphyxia, hypoxia (Grove-White, 2000), 
respiratory and metabolic acidosis (Szenci, 1982), as-
piration pneumonia, edema, or bleeding (Poulsen and 
McGuirk, 2009). These have been observed to disrupt 
immunoglobulin absorption (Martin et al., 1975; Ol-
son et al., 1980; Besser et al., 1990) and interfere with 
natural behaviors of the calf such as maintenance of 
homeostasis (Murray et al., 2015a,b) and the ability to 
stand, move, and suckle colostrum (Mellor and Staf-
ford, 2004).

Meloxicam is a nonsteroidal anti-inflammatory drug 
(NSAID) for reduction of inflammation in humans 
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and animals. It inhibits activity of the enzyme cy-
clooxygenase-2 (EC number 1.14.99.1; Brideau et al., 
2001; Beretta et al., 2005), interrupting production of 
chemical messengers that promote inflammation (Hla 
and Neilson, 1992). Common indications for which it 
is an effective treatment are calf diarrhea (Todd et. al, 
2010), dehorning (Heinrich et al., 2009, 2010), castra-
tion, respiratory disease, and mastitis (Coetzee et al., 
2009).

Calves treated for diarrhea with injectable meloxi-
cam had greater milk intakes, water intakes, and BW 
gains, as well as consumed starter earlier and faster 
than control calves, indicating efficacy of the drug for 
relief of diarrhea (Todd et. al, 2010). Injectable meloxi-
cam paired with a local block after dehorning reduced 
pain compared with a nerve block alone (Heinrich et 
al., 2009, 2010), reflected by lower heart and respira-
tory rates, reduced cortisol (Heinrich et al., 2009), less 
ear-flicking, head shaking, activity, and sensitivity to 
pressure (Heinrich et al., 2010). Calves administered 
oral meloxicam after dehorning spent more time at the 
feed bunk on 2 of 6 d, and more time lying down on 4 of 
6 d compared with control calves (Theurer et al., 2012), 
demonstrating reduction of stress. Meloxicam can also 
be dosed in pill form or ground and added to colostrum. 
When provided in pill, it will likely enter the rumen, as 
opposed to the abomasum, via the esophageal groove 
when mixed with colostrum.

Due to its ability to relieve diarrhea, inflammation, 
and stress, meloxicam was investigated in relation to 
newborn calf health and vigor (Murray et al., 2015a,b). 
Though improvements in vigor, milk intakes (Murray 
et al., 2015a), weight gain, and health (Murray et al., 
2015b) were observed, immunoglobulin uptake was not 
improved. Because serum total protein (STP) con-
centration is reported to decrease with age, and blood 
samples were collected at varying times between 24 h 
to 8 d, results may have been more meaningful if blood 
collection occurred at specific times (Murray et. al., 
2015b).

Little evidence exists on control of pain and inflam-
mation in the newborn calf. Stress and inflammation 
from injury during birth inhibits absorption of colostral 
immunoglobulin (Martin et al., 1975; Olson et al., 1980; 
Besser et al., 1990). Following meloxicam treatment, 
mitigation of inflammation associated with stress and in-
jury inherent to parturition resulted in improved health 
and performance of calves (Murray et al., 2015a,b,c). 
Therefore, it was hypothesized that meloxicam-treated 
newborn calves would have improved ability to absorb 
IgG provided by colostrum replacer (CR). Objectives 
were to determine the following: (1) if meloxicam im-
proved IgG uptake at specific times, and other blood, 

growth, and intake measures and (2) if there was a 
difference between pill form versus meloxicam mixed 
with CR.

MATERIALS AND METHODS

Experimental Design

This experiment was reviewed and approved by the 
University of New Hampshire Institutional Animal Care 
and Use Committee (IACUC; Protocol # 180201). It 
was conducted at the Fairchild Dairy Teaching and 
Research Center at the University of New Hampshire 
in Durham, New Hampshire from May to September 
2018.

Thirty newborn Holstein calves entered the study 
when born; then, they were blocked by birth date and 
randomly assigned to 1 of 3 treatments as follows: (1) 
CR at 0 h with no meloxicam (control; CON), (2) 1 
mg/kg of BW of meloxicam in pill form before consump-
tion of CR (PL), or (3) 1 mg/kg of BW of meloxicam 
crushed and mixed in solution with CR (SL). Prior 
to and during the experiment, anticipated parturition 
dates were used to randomly select calves before birth 
through pulling respective treatments marked on paper 
from a box. This was done 10 times to represent the 10 
blocks used in the study.

Dosage was prescribed by the IACAUC veterinarian 
and supported by similar studies that consider the ef-
fects of meloxicam administered to calves orally (Coe-
tzee et al., 2009; Allen et al., 2013; Chibisa et al., 2018; 
Shock et al., 2020). A total of 3 experimental units, or 
3 calves, each having received 1 of the 3 different treat-
ments, comprised a complete block. Of the 30 calves on 
study, 5 bulls and 5 heifers received treatment 1, 6 bulls 
and 4 heifers received treatment 2, and 5 bulls and 5 
heifers received treatment 3.

Parturition

Dams were moved to individual maternity pens as 
they neared calving and fitted with tail-mounted calv-
ing sensors provided by Moocall Ltd. (Dublin, IE) 48 h 
before due dates. Sensors measured tail movement pat-
terns triggered by labor contractions, and a text alert 
was sent 1 h before a predicted calving. Calves born 
with no assistance (given a score of 1), some minor 
assistance (given a score of 2), or mechanical assistance 
(given a score of 3), were used for this study.

Calves were removed from the dam before nursing 
and within 30 min of birth, weighed (A and A scales, 
Prospect Park, NJ) for recording of initial BW and 
placed into individual pens (1 × 2.15 m). Pens were 
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bedded with kiln-dried sawdust in a naturally venti-
lated, enclosed calf room. A blood sample was drawn 
at 0 h, and 1 of 3 treatments was administered. We 
prepared SCCL Gold CR (The Saskatoon Colostrum 
Company Ltd., Saskatoon, SK, Canada) by mixing 675 
g of CR powder in 2.3 L of warm water to achieve a 
final volume of 3 L at 22% total solids. This provided 
calves with a dose of 180 g of IgG as soon as possible 
following birth, and before 1 h.

If calves did not consume the entire volume of CR at 
birth via nipple bottle, it was kept warm and reintro-
duced after 1 h. If the remaining CR was refused, it was 
administered via esophageal tube. Following assignment 
of treatments, all calves were handled identically and 
in congruence with standard procedures of the research 
farm. A quantity of 10 mL of Bar-Guard-99 (Boehringer 
Ingelheim Vetmedica, Inc., Duluth, GA) and 3 mL of 
Calf-Guard (Zoetis, Parsippany, NJ) were administered 
orally following consumption of colostrum to protect 
against Escherichia coli, bovine rotavirus, and bovine 
corona virus. Navels were dipped in 7% iodine tincture.

Animal Management

Calves remained in the study until 42 d. Beginning 
at 24 h of life, calves were offered milk replacer (MR; 
Nurture Calf Formula, Professional 24–17 Bov CFL, 
Provimi North America Inc., Brookeville, OH), free 
choice starter grain (F4-C15–01–1X TEXT DX CFL 
HS, Provimi North America Inc.), and ad libitum ac-
cess to water. Following the feeding at 24 h, feeding 
occurred daily at 0600 and 1600 h.

Pens were cleaned and bedded twice daily. Animals 
were dehorned between 2 and 6 wk via cauterization. 
Most calves presented with diarrhea at some point dur-
ing the study, typically beginning around 3 wk. Calves 
with diarrhea that persisted more than 2 to 3 d had 
body temperatures monitored and were treated with 
20 to 40 g of First Arrival Calf Formula Paste (DBC 
Ag Products, Lancaster, PA), which included probiot-
ics and organic compounds to target pathogens that 
may cause scours. Doses were determined subject to 
the discretion of the farm’s calf manager with consul-
tation of the IACUC veterinarian and based on the 
severity of symptoms, such as refusal to drink MR or a 
sudden drop in starter intake, in addition to diarrhea. 
Calves that did not respond to initial treatment within 
24 h were administered a second bolus of First Arrival 
Calf Formula Paste. Those with more severe scours and 
changes in temperament were examined by the IACUC 
veterinarian and received Diaque nutrition and electro-
lyte supplement (Boehringer Ingelheim Animal Health 
USA Inc., Duluth, GA), mixed with warm water and 
administered orally, as well as an injection of vitamin 

B. Incidence of treatment of diarrhea was analyzed fol-
lowing completion of the study.

Feeding, Sampling, and Analysis

Milk replacer was prepared by mixing 216 g of powder 
in 1.8 L of warm water. This resulted in a total volume 
of just over 2 L per feeding, and was fed twice daily. 
Milk replacer was medicated with lasalocid (106 g/1,000 
kg). Milk replacer also contained diflubenzuron (12.0 
g/1,000 kg) for prevention of development of house, 
stable, face, and horn flies in manure. Milk replacer 
contained 24% CP and 17% fat (Table 1). The amount 
of MR fed remained consistent throughout the entirety 
of the experiment, and refusals were measured at both 
a.m. and p.m. feedings. Feeding rates were based on 
previous research conducted at our university (Guindon 
et al., 2015; Chapman et al., 2017a,b; Aragona et al., 
2020). While some studies at our institution have indi-
cated that calves fed MR at a higher rate present with 
greater gains and feed efficiency during the preweaning 
period (Guindon et al., 2015; Chapman et al., 2017a), 
these studies have also revealed lower starter intakes 
during the preweaning and weaning phases (Guindon 
et al., 2015; Chapman et al., 2017a), poorer nitrogen 
efficiency (Chapman et al., 2017a), and greater corti-
sol levels at weaning, suggestive of more stress due to 
removal of MR (Guindon et al., 2015), compared with 
the control group.

Calves were fed a textured, 18% CP starter grain 
(Table 1) containing whole corn and oats, molasses, 
and a protein pellet. Starter was medicated with de-
coquinate (31.14 g/tonne), and diflubenzuron (6.33 
mg/kg). Starter fed and refused was measured each 
morning. Quantity of grain offered was based on grain 
consumption for the previous day, allowing for a buffer 
of ~227 g. Additional grain was measured and offered 
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Table 1. Nutrient analysis of milk replacer and calf starter

Item DM, % ±SD

Milk replacer    
  CP 25.48 0.51
  Fat 16.35 1.65
  Ash 6.97 0.16
Calf starter    
  CP 22.85  
  ADF 8.79  
  NDF 16.41  
  Fat  3.75  
  Ash 8.16  
  Calcium 1.18  
  Phosphorus 0.68  
  Magnesium 0.41  
  Potassium 1.25  
  Sulfur 0.25  
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during p.m. feedings, if necessary. Water offered and 
refused was measured during every a.m. feeding and 
monitored each afternoon for cleaning or addition of 
more water, if necessary.

Starter and MR intakes were used to analyze total 
DMI. Samples of starter orts were collected daily and 
frozen at −20°C for future analysis. Dry matter was 
determined by thawing frozen samples at room tem-
perature for 12 to 24 h and drying in paper bags in a 
forced hot air convection oven (Binder, Bohemia, NY). 
Samples were dried for 48 h at 55°C. All samples were 
sent to a commercial laboratory (Rock River Laborato-
ry Inc., Watertown, WI) for nutrient analysis. Samples 
were analyzed for NDF (method 6 in an Ankom Fiber 
Analyzer A2000 with α-amylase and sodium sulfite, 
Ankom Technology, Fairpoint, NY; solutions as in Van 
Soest et al., 1991), ADF (method 5 in an Ankom Fiber 
Analyzer A2000, Ankom Technology; method 973.18; 
AOAC International, 1998). Nitrogen was analyzed via 
Dumas combustion (method 968.06; AOAC Interna-
tional, 2002) on a Rapid N cube (Elementar Analysen-
system, GmbH, Hanau, Germany). Nitrogen was then 
multiplied by 6.25 to calculate CP. Fat was determined 
by ether extraction (method 2003.05; AOAC Interna-
tional, 2006). Ash content was determined by incinerat-
ing 1 g of sample for 8 h at 450°C in a muffle furnace 
(method 942.05; AOAC International, 2002). Mineral 
composition analysis included Ca, P, Mg, K, (method 
985.01; AOAC International, 1998), and S (method 
923.01; AOAC International, 1998). Milk replacer was 
sent to Analab (Fulton, IL) where fat was determined 
by saponification with KOH in ethyl alcohol; HCl was 
used to liberate the fat from soaps, which was then 
extracted with petroleum ether. Milk replacer was sent 
to Rock River Laboratory and analyzed for CP and ash 
as described for starter.

Skeletal and Blood Sampling and Analysis

Blood samples were collected using 10-mL vacutainer 
tubes without additive via jugular venipuncture at 0, 6, 
12, 18, and 24 h of age. A single drop of whole blood 
from 0-h samples was transferred using a disposable 
pipette to the test strip of a hand-held electronic ketone 
monitoring device (Nova Max Plus, Nova Biomedi-
cal, Waltham, MA) for determination of initial blood 
ketone concentration. Ketone concentration was mea-
sured in duplicate. Samples were allowed to clot before 
centrifugation at 1,278 × g at 4°C for 20 min. Serum 
was harvested and frozen for analysis of IgG concentra-
tion by Saskatoon Colostrum Company Ltd. by radial 
immunodiffusion following completion of the study. Ap-
parent efficiency of absorption (AEA) at 24 h of age 
was estimated using the following equation (Quigley 

and Drewry, 1998) and adjusted for CR (Cabral et. al, 
2015):

	 [(24-h plasma IgG (g/L) × BW (kg) 	  

× 0.0825)/IgG intake (g/L)] × 100.

Additional samples were collected weekly for 6 wk. 
On Tuesday at 0700 h, calves were sampled that were 
born after 1630 h on Thursday until Monday at 0700 
h. On Friday at 1630 h, calves were sampled that were 
born Monday after 0700 h until Thursday at 1630 h. 
During these times, blood samples were collected, and 
BW measurements, skeletal measurements, and time 
for consumption of MR were recorded.

Weekly blood samples were collected via jugular ve-
nipuncture with a 10-mL vacutainer tube containing 
no additive for collection of whole blood, and a 10-mL 
vacutainer EDTA tube for collection of plasma. A small 
fraction of whole blood was used for analysis of blood 
ketone concentration using the same methods as the 
0-h sample on d 0. The remaining samples from tubes 
containing the EDTA anticoagulant were centrifuged at 
1,278 × g at 4°C for 20 min, and plasma was harvested 
and frozen for analysis of glucose and plasma urea 
nitrogen (PUN) following completion of the experi-
ment. Plasma glucose concentrations were measured 
in duplicate using the Wako Autokit Glucose Assay 
(Wako Diagnostics, Mountain view, CA), and read on 
a UV-visible spectrophotometer at a wavelength of 505 
nm. Urea concentrations of plasma were measured in 
duplicate via the diacetyl-monoxime method and read 
using a UV-visible spectrophotometer (Beckman Coul-
ter Inc., Brea, CA) at wavelength of 520 nm.

Body weight (A and A scales) and skeletal measure-
ments including hip height, withers height, length, and 
heart girth were recorded weekly. Body weights were 
used to calculate ADG. Withers and hip heights were 
collected using a sliding-scale height stick with a bubble 
level. Body length and heart girth were collected using 
a weight tape. Skeletal measurements were used to cal-
culate gain in centimeters per day. Time for consump-
tion of MR were documented weekly in seconds.

Statistical Analysis

Unless otherwise stated, data were analyzed as 
a randomized complete block design with repeated 
measures, using the MIXED procedure of SAS (SAS 
Institute Inc., Cary, NC). For analysis of blood me-
tabolites collected in the first 24 h, including rate of 
IgG absorption and rate of STP absorption, hour was 
used as the repeated measure. For weekly BW, skeletal 
measurements, and blood metabolites, week was used 
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as the repeated measure. For any variables analyzed 
with repeated measures, the residual errors were er-
rors within calf across time and represented errors 
from repeated measurements in the experimental units 
(calves). Serum IgG, STP, and AEA, analyzed at indi-
vidual time points (0, 6, 12, 18, and 24 h), as well as 
final BW and growth measurements collected on d 42 
of the study were not analyzed with repeated measures. 
Planned single degrees of freedom contrasts were used 
to compare the effect of meloxicam versus the CON 
treatment, as well as the administration of meloxicam 
in pill form, before CR versus powder form mixed in 
solution with CR. Covariates for all variables included 
initial BW and sex. Blood ketone concentration at 0 
h served as a covariate for analysis of weekly blood 
ketone measurements, and treatment for the preven-
tion of scours was used as a covariate for analysis of 
incidence of treatment of diarrhea. Significant treat-
ment and interaction effects were noted at P ≤ 0.05, 
and trends were noted at 0.05 < P ≤ 0.10. Any data 
points that were 2 standard deviations from the mean 
were removed from the data set as outliers. For each of 
the following models, the random effect of calf within 
block subclass was used as the error term for the effect 
of treatment.

For calving difficulty score; serum IgG, STP, and 
AEA at individual time points (0, 6, 12, 18, and 24 
h); incidence of treatment of diarrhea; as well as for 
BW and skeletal measurements collected on d 42, the 
following model was used:

	 Yij = µ + Bi + TRTj + βXij + eij,	

where Yi = the dependent variable, µ = the overall 
mean, Bi = the random effect of the ith block (i = 
1,…, 10), TRTj = the fixed effect of the jth treatment 
(j = 1, 2, or 3), β = the regression (covariate coef-
ficient), Xij = the covariate measurement, and eij = the 
residual error term.

Rate of IgG absorption and rate of STP absorption 
were analyzed using the following model:

	 Yijk = µ + Bi + TRTj + Hk + βXij + TRTHjk + eijk,	

where Yijk = the dependent variable, µ = the overall 
mean, Bi = the random effect of the ith block (i = 
1,…, 10), TRTj = the fixed effect of the jth treat-
ment (j = 1, 2, or 3), Hk = the fixed effect of the kth 
hour of the experiment (k = 0, 6, 12, 18, 24), β = the 
regression (covariate coefficient), Xij = the covariate 
measurement, TRTHjk = the fixed interaction between 
the jth treatment and the kth hour, and eijk = the re-
sidual error term.

Weekly ADG, DMI, BW, skeletal measurements, and 
blood metabolites were analyzed according to the fol-
lowing model:

	Yijk = µ + Bi + TRTj + Wk + βXij + TRTWjk + eijk,	

where Yijk = the dependent variable, µ = the overall 
mean, Bi = the random effect of the ith block (i = 
1,…, 10), TRTj = the fixed effect of the jth treatment 
(j = 1, 2, or 3), Wk = the fixed effect of the kth week 
relative to birth, β = the regression (covariate coef-
ficient), Xij = the covariate measurement, TRTWjk = 
the fixed interaction between the jth treatment and the 
kth week, and eijk = the residual error term. Degrees 
of freedom were calculated using the Kenward-Rogers 
option of the MIXED procedure of SAS.

Covariance structure for each variable was deter-
mined based on which of the 5 tested structures re-
sulted in the smallest Bayesian information criterion. 
Blood glucose, ADG, heart girth, and MR intakes were 
modeled using variance components. Weekly time for 
consumption of MR, water intake, BW, wither height, 
hip height, heart girth, length, and gains for withers 
and length were modeled using Autoregressive 1 co-
variance structure. Starter intake and total DMI were 
modeled using unstructured covariance. Blood ketone 
concentrations, PUN, and hip gain were modeled using 
compound symmetry. The only covariance structure 
tested for the aforementioned variables that was not 
used was Toeplitz. Interaction effects of treatment and 
time were tested in each model, not including those 
which analyzed specific time points as opposed to re-
peated measures. Effects of interactions were interpret-
ed by assessing contrasts among different combinations 
of treatments and time points for significance or trends.

RESULTS AND DISCUSSION

All calves achieved serum IgG concentrations ≥10 
g/L, indicating successful transfer of passive immunity. 
Of the 30 calves in the study, 6 calves required feeding 
via esophageal tube. A total of 4 calves suckled first 
from the bottle and then were administered the remain-
der via esophageal tube, while 2 refused to suckle at all. 
Of the 4 calves that first suckled and then were tube 
fed, there was 1 bull that received the CON treatment, 
1 bull and 1 heifer that received treatment PL, and 1 
bull that received treatment SL. Of the 2 calves that 
refused to suckle at all, there was 1 bull that received 
treatment PL, and 1 heifer in that received treatment 
SL.

A total of 8 calves required some level of assistance 
at birth. There were 3 calves that required minor, 
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nonmechanical assistance, 1 calf that was pulled with 
chains, and 4 calves that were pulled with a mechanical 
calf crank. Of the 3 calves that required minor, non-
mechanical assistance, there were 2 bulls on treatment 
PL, and 1 heifer on treatment SL. The calf that was 
assisted with chains was a bull on treatment SL. Of 
the 4 calves that were pulled with the calf crank, there 
were 2 bulls in the CON group, 1 bull that received 
treatment PL, and 1 heifer that received treatment SL. 
There were no differences among treatments for calving 
difficulty score (Table 2).

Values for IgG, AEA, and STP are presented in 
Table 2. Treatment did not affect IgG concentrations, 
STP concentrations, or AEA at 6, 18, or 24 h. These 
results are consistent with findings from other research 
(Murray et al., 2015a,b; Chibisa et al., 2018), which 
reported that meloxicam administration was not asso-
ciated with STP concentration. In the current study, at 
12 h postpartum, meloxicam-treated calves had lesser 
IgG concentrations (P = 0.01) and poorer AEA (P 
< 0.05) than those in the CON group; however, all 
calves achieved successful transfer of passive immunity. 
Treatment did not affect overall rate of IgG absorption 
(Table 2) or overall rate of STP absorption. A trend 
for a treatment by time interaction was observed at 12 
h for rate of STP concentration (P = 0.07), whereas 
the CON group had STP levels that tended to increase 

at a greater rate compared with calves that received 
treatment SL (P = 0.08; Table 2).

A total of 26 calves received treatment for diarrhea. 
The high incidence of diarrhea within this calf popula-
tion was likely due to an infection caused by the patho-
genic agent, Cryptosporidium parvum, as many of the 
students and farm-staff tending to these animals were 
also infected and diagnosed with C. parvum. Of the 26 
calves that were medicated for diarrhea, 8 were in the 
CON group, 9 received treatment PL, and 8 received 
treatment SL.

Intake values are reported in Table 3. Treatment did 
not affect DMI, MR intakes, time for consumption of 
MR, or water intakes; however, calves administered 
meloxicam tended to consume more starter than calves 
in the CON group (P = 0.06; Figure 1). These find-
ings are supported by 2 other studies that reported 
improved milk intakes in meloxicam-treated calves 
compared with placebo-treated animals (Murray et al., 
2015a; Chibisa et al., 2018). In the current study, this 
positive effect on milk consumption was not observed; 
however, these calves were fed just over 4 L of MR 
per day compared with the 8 to 12 L fed in the study 
by Murray et al. (2015a) and the 6 L fed in the study 
by Chibisa et al. (2018). As a result, the ability to 
detect a positive response in milk intake observed by 
Murray et al. (2015a) and Chibisa et al. (2018) was 
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Table 2. Calving score and immunoglobulin absorption of calves supplemented with no meloxicam (CON), meloxicam as a pill (PL), or 
meloxicam mixed into solution with colostrum replacer (SL) during d 1 of life1

Item

Treatment2

SEM

P-value3

CON PL SL MEL vs. CON PL vs. SL TRT × Time

Calving score4 1.40 1.40 1.50 0.23 0.86 0.77 —
Rate IgG, (g/L)/h 0.96 0.96 0.97 0.06 0.89 0.93 0.55
IgG 6 h, g/L 15.89 14.26 16.96 1.42 0.87 0.18 —
IgG 12 h, g/L 28.47 24.40 22.59 1.85 0.01 0.47 —
IgG 18 h, g/L 25.85 24.32 23.53 1.36 0.20 0.67 —
IgG 24 h, g/L 24.12 23.15 23.11 1.67 0.54 0.98 —
Rate STP,5 (g/dL)/h 0.05 0.05 0.04 <0.01 0.15 0.62 0.07
STP 6 h, g/dL 5.25 5.10 5.15 0.14 0.43 0.78 —
STP 12 h, g/dL 5.70 5.58 5.52 0.08 0.13 0.58 —
STP 18 h, g/dL 5.72 5.66 5.53 0.09 0.28 0.34 —
STP 24 h, g/dL 5.71 5.61 5.65 0.10 0.54 0.74 —
AEA6 6 h, % 29.47 25.41 30.36 2.73 0.64 0.22 —
AEA 12 h, % 56.09 47.54 43.00 2.80 <0.01 0.25 —
AEA 18 h, % 48.52 45.16 42.95 2.32 0.12 0.49 —
AEA 24 h, % 47.63 45.94 48.73 3.21 0.94 0.55 —
1The number of calves per treatment = 10.
2Treatments: CON = 0 mg/mL of meloxicam, PL = 1 mg/kg of meloxicam before consumption of colostrum replacer in pill form, SL = 1 mg/
kg of meloxicam during consumption of colostrum replacer, crushed and mixed into solution. 
3Single df contrasts were used to compare the effect of meloxicam versus the control (MEL vs. CON) as well as pill versus solution (PL vs. SL), 
and treatment by time interaction (TRT × Time).
4Calving difficulty was scored as (1) no assistance, (2) some minor assistance, or (3) mechanical assistance.
5STP = serum total protein.
6Apparent efficiency of absorption (AEA) = [(24 − h plasma IgG (g/L) × BW (kg) × 0.0825)/IgG intake (g/L)] × 100 (Quigley and Drewry, 
1998; Cabral et al., 2015).
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limited (P = 0.04 and P < 0.01, respectively); however, 
meloxicam-treated animals in the current study com-
pensated for this lack of available MR with a trend for 
increased starter intake compared with the CON group 
(Figure 1). These findings are congruous with research 
by Todd et al. (2010), in which it was reported that 
calves treated with meloxicam after the onset of diar-
rhea consumed more starter than those treated with 
a placebo (P < 0.01). Calves from another study that 
were administered meloxicam orally following dehorn-
ing were reported to spend more time at the feed bunk 
on 2 of the 6 d that they were observed (Theurer et al., 
2012).

Interestingly, meloxicam has a half-life of only 26 h 
in bovine plasma; therefore, attribution to the drug 
for improved starter intakes observed over the entire 
6-wk period is difficult to state. However, Murray et 
al. (2015a) found that neonatal calves treated with 
meloxicam had greater improvement in vigor (P = 
0.02), and better health scores from birth to 6 wk, 
compared with calves that received a placebo, which 
could have affected intakes. Meloxicam-treated calves 
in the study by Murray et al. (2015a) showed a greater 
suckling response than placebo-treated animals, which 
may have improved motivation to drink throughout the 
preweaning period, resulting in greater milk intakes. 
It is therefore conceivable that healthier, more vigor-
ous calves are more likely to exhibit vigorous feeding 
behaviors.

Values for PUN, glucose concentrations, and blood 
ketone concentrations are reported in Table 3. Meloxi-
cam treatment did not affect PUN concentration; 
however, in accordance with improved starter intake, 
calves in the current study treated with meloxicam also 
tended to have greater concentrations of circulating 
ketones (P < 0.10; Figure 2). This is expected, as con-
sumption of solid feed results in the establishment of 
anaerobic microbiota in the gut (Baldwin et al., 2004; 
Khan et al., 2011). The coupling of both inhabitation 
of microorganisms in the gut, and increased solid feed 
intake, initiates the fermentation of fiber and other car-
bohydrates present in solid feeds, and the absorption 
of VFA (Quigley et al., 1991). As ruminal microbes 
break down and utilize nutrients from carbohydrates 
in the feed, less carbohydrate becomes available for 
digestion after the rumen. Therefore, the amount of 
glucose available to the animal from the diet declines, 
and the energy supply of the animal shifts from glucose 
to VFA byproducts of fermentation (Baldwin et al., 
2004). During this transitional period of development 
from preruminant to ruminant, blood measures for glu-
cose will decrease over time (Rice et al., 2019). At the 
same time, BHB, a ketone produced for energy via the 
metabolism of VFA, will increase (Baldwin and Jesse, 
1992).

For this reason, it was anticipated that meloxicam-
treated calves would also have lower circulating glu-
cose concentrations; however, this effect was not ob-
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Table 3. Blood metabolites, intake, BW, and performance of calves supplemented with no meloxicam (CON), meloxicam as a pill (PL), or 
meloxicam mixed into solution with colostrum replacer (SL) over the 6-wk period1

Item

Treatment2

SEM

P-value3

CON PL SL MEL vs. CON PL vs. SL TRT × Time

GLU,4 mg/dL 80.02 73.20 83.26 3.54 0.67 <0.05 0.83
Plasma urea nitrogen, mg/dL 5.64 5.94 6.39 0.41 0.30 0.46 0.35
Blood ketone, mmol/L 0.12 0.15 0.17 0.02 0.09 0.49 <0.05
Starter intake,5 g/d 452.59 560.38 515.43 37.02 0.06 0.40 0.46
Milk replacer intake, g/d 426.09 426.36 426.77 0.35 0.29 0.41 0.83
Total DMI, g 884.41 995.51 917.97 44.29 0.18 0.21 0.92
Milk replacer consumption time, min 75.54 65.98 65.44 9.32 0.39 0.97 0.47
Free water intake, kg 1.55 1.31 1.61 0.18 0.71 0.27 0.94
BW,6 kg 50.70 51.00 50.67 51.00 0.91 0.81 0.03
Final BW, kg 61.72 59.61 63.39 1.66 0.90 0.13 —
ADG, kg/d 0.38 0.43 0.45 0.35 0.16 0.75 0.04
1The number of calves per treatment = 10.
2Treatments: CON = 0 mg/mL of meloxicam, PL = 1 mg/kg of meloxicam before consumption of colostrum replacer in pill form, SL = 1 mg/
kg of meloxicam during consumption of colostrum replacer, crushed and mixed into solution.
3Single df contrasts were used to compare the effect of meloxicam versus the control (MEL vs. Con) as well as pill versus solution (PL vs. SL), 
and treatment by time interaction (TRT × Time).
4Blood samples for analysis of glucose (GLU), plasma urea nitrogen, and blood ketone concentrations were collected once weekly over the 6-wk 
period.
5Intakes for starter, milk replacer, and water were recorded daily.
6BW was recorded once weekly over the 6-wk period.
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served. Instead, no differences were identified between 
meloxicam-treated calves and those in the CON group. 
Unlike butyrate, which in growing calves would arise 
from rumen microbiota, glucose can be derived from 
other sources, such as gluconeogenesis or uptake from 
the small intestine. This may explain why glucose con-
centrations were similar among treatments in spite of 
a trend for increased ketone concentrations observed in 
meloxicam-treated calves. On the other hand, calves 
that received treatment PL had lower plasma glucose 
concentrations than calves that received treatment SL 
(P < 0.05). This effect was not observed in analysis 
of blood ketone concentrations, as results were similar 
among calves that received meloxicam in pill or powder 
form. Because of the inconsistencies between glucose 
and ketone concentrations in calves that received treat-
ment PL versus SL, it is difficult to proclaim that PL 
resulted in greater rumen development that calves that 
received treatment SL.

Body weights are reported in Table 3. Average ini-
tial BW was 44.43 ± 5.24 kg (mean ± SD) at birth. 
Meloxicam treatment did not affect average BW, final 
BW, ADG, or skeletal measurements. These results 
were similar to those from 2 studies by Murray et al. 
(2015a,b). In the first of those studies, ADG did not dif-
fer in calves treated with meloxicam compared with the 
control. In the second study, 6-wk weight gain was also 
unaffected by meloxicam treatment; however, calves 

that were assisted at birth and treated with meloxi-
cam were observed to gain more weight in the first 
week compared with assisted placebo-treated calves. 
These results are similar to those reported by Chibisa 
et al. (2018), in which 1- to 3-d-old calves treated with 
meloxicam before transport experienced greater ADG 
(P < 0.02) compared with the control.

Notably, in the study by Murray et al. (2015b), as-
sisted meloxicam-treated calves experienced improved 
gains compared with placebo-treated animals; however, 
the opposite effect was observed for calves that received 
meloxicam but were not assisted at birth. These find-
ings indicate that while meloxicam may benefit calves 
born from difficult parturition, it might not have such 
positive effects on calves that do not suffer substantial 
inflammation following birth. Alternatively, such vari-
able results reported across different studies and within 
the same studies may also suggest that weight gain 
could be a poor indicator of efficacy of NSAID use in 
calves. There was a treatment by week interaction for 
average BW (P = 0.03), ADG (P = 0.04), and blood 
ketone concentrations (P < 0.05; Table 3), but there 
were no differences at any time points for any variables. 
Therefore, this was likely caused by a strong effect of 
week.

Skeletal measurements and incidence of treatment for 
diarrhea are reported in Table 4. Calves that received 
treatment PL tended to have greater rates of gain in 
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Figure 1. Average weekly starter intakes (g) of calves supplemented with no meloxicam (CON), meloxicam as a pill (PL), or meloxicam 
mixed into solution with CR (SL). Treatments: CON = 0 mg/mL of meloxicam, PL = 1 mg/kg of BW of meloxicam before consumption of 
CR in pill form, SL = 1 mg/kg of BW of meloxicam during consumption of CR, crushed and mixed into solution. Starter intake tended (P = 
0.06) to be greater in calves supplemented with meloxicam compared with calves not receiving meloxicam (n = 10 calves/treatment). CR = 
colostrum replacer.
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length compared with calves that received treatment 
SL (P = 0.07). However, there were no differences in 
average length, final length, or any other skeletal mea-
surements observed among treatments. Differences in 
effects between form of drug administration observed 
in rate of gain in length and glucose concentration 
could first be attributed to residual meloxicam on the 
inner surfaces of the bottle when crushed into solution, 
meaning that calves that received treatment SL may 
not have ingested the same dose of the drug as calves 
that received treatment PL. Therefore, if calves that 
received treatment PL ingested and absorbed more 
meloxicam than calves that received treatment SL, it 
is conceivable that a greater effect would be observed 
in this group, indicated by lower glucose values and 
greater rate of gain in length. Another possibility for 
these differences could be attributed to the path of the 
drug within the digestive tract. Specifically, meloxicam 
swallowed in pill form is likely to arrive to the rumen, 
and then pass to the abomasum, while meloxicam 
crushed into solution with CR will bypass the rumen as 
a consequence of the reflexive closure of the esophageal 
groove in response to milk. In the current study, there is 
not enough data to speculate as to why this difference 
in pathway through the digestive tract resulted in the 
observed variability in effect; however, future research 
should investigate potential causes by considering mea-

surements for absorption of meloxicam in the blood, 
indicators of stress such as cortisol, and indicators of 
inflammation such as inflammatory cytokines.

Meloxicam usage did not affect incidence of treatment 
for diarrhea. These results are congruous with those of 
another study which considered the effects of injectable 
meloxicam on symptoms of neonatal diarrhea (Todd, 
2007). While later research reported improvements in 
milk intake, as well as earlier starter intake for meloxi-
cam-treated calves compared with those that received 
a placebo injection (Todd et al., 2010), investigators 
reported that these effects were not due to a variation 
in duration of illness, as meloxicam-treated animals and 
placebo-treated calves did not differ in time to resolu-
tion of abnormally soft stools. There was a treatment 
by week interaction for withers height (P = 0.03) and 
weekly gain in withers height (P < 0.01; Table 4), but 
there were no differences at any time points for any 
variables; therefore, this was likely caused by a strong 
effect of week.

Administration of meloxicam at birth did not im-
prove IgG uptake in dairy calves in this study. How-
ever, meloxicam-treated calves did tend to have greater 
starter intakes (Figure 1), similar to increased milk 
intakes observed by Murray et al. (2015b) and Chi-
bisa et al. (2018). In the current study, and likely a 
result of a trend for increased starter consumption, 
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Figure 2. Weekly blood ketone concentrations (mmol/L) of calves supplemented with no meloxicam (CON), meloxicam as a pill (PL), or 
meloxicam mixed into solution with CR (SL). Treatments: CON = 0 mg/mL of meloxicam, PL = 1 mg/kg of BW of meloxicam before con-
sumption of CR in pill form, SL = 1 mg/kg of BW of meloxicam during consumption of CR, crushed and mixed into solution. A treatment by 
time interaction was observed (P < 0.05). There was a trend (P = 0.09) for calves given meloxicam to have greater ketone concentrations than 
control calves (n = 10 per treatment). CR = colostrum replacer.
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improved rumen development was indicated by a ten-
dency for greater blood ketone concentrations observed 
in meloxicam-treated animals compared with placebo-
treated calves (Figure 2). Improvements in intake could 
be a result of improved vigor, also detected in the study 
by Murray et al. (2015b); however, although these stud-
ies did report greater intakes (Murray et al., 2015b; 
Chibisa et al., 2018) and gains (Chibisa et al., 2018) in 
meloxicam-treated animals compared with the control 
groups, cortisol levels measured by Chibisa et al. (2018) 
were not affected by treatment. This, in conjunction 
with the fact that the current study does not consider 
uptake of meloxicam in the blood, or measures for 
stress and inflammation, means that investigators are 
unable to proclaim that improved intakes are an ef-
fect of reduced stress and inflammation resulting from 
meloxicam usage. Therefore, future research should 
consider physiological mechanisms for improvements in 
intake observed in both the current and aforementioned 
studies by reporting specific characteristics for stress 
and inflammation in neonatal calves.

CONCLUSIONS

The administration of meloxicam following birth 
resulted in a trend for improved starter intake, and 
possibly ruminal development, as evidenced by a trend 
for increased blood ketone values. In the United States, 
where NSAID use in the dairy industry is not approved, 
meloxicam is an extralabel drug prescribed for treat-
ment of pain and inflammation. Additional research 
should be conducted that investigates the supplementa-
tion of meloxicam to colostrum, CR, and MR before a 

recommendation for widespread use as a preventative 
drug in newborn calves can be made. The current data 
does not support speculation as to the physiological 
mechanisms responsible for the observed differences 
in treatment; however, future research should investi-
gate potential causes by considering measurements for 
absorption of meloxicam in the blood and indicators of 
stress and inflammation.
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