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ABSTRACT
Objective: This study aimed to investigate the physical characteristics and levels 
of hyaluronic acid, protein and glucose in joint fluid and to evaluate findings for 
a potential clinical application to monitor the diagnosis and prognosis of arthritis 
developed upon infection in neonatal diarrheic calves.
Methods: The viscosity of joint fluid was evaluated in comparison to the viscosity 
of water. Mucin coagulation test was employed to determine the quality of synovial 
fluid. Hyaluronic acid levels were assessed using Enzyme-Linked Immuno Sorbent 
Assay. 
Results: Synovial fluid from healthy calves was bright yellow and displayed high 
viscosity and low protein levels, whereas the synovial fluid in diarrheic calves 
showed high protein levels, low viscosity and low glucose levels. Interestingly, the 
levels of hyaluronic acid (1.72±0.16 mg/ml) were found to be up regulated (i.e.79 % 
increase) in synovial fluid in the test group in comparison to levels (0.96±0.04 mg/
ml) in the control group. 
Conclusion: The data demonstrated that joint fluid from newborn diarrheic calves 
displayed reduced viscosity, decreased glucose levels, and increased hyaluronic 
acid levels correlating with the severity of the disease. These observations suggest 
that analysis of viscosity, protein, glucose and hyaluronic acid levels in synovial 
fluid may potentially be evaluated in the veterinary clinics for prognosis of the 
disease in neonatal diarrheic calves with arthritis/polyarthritis.
Keywords: synovial fluid, hyaluronic acid, glucose, protein, calf, diarrhea

ÖZET
Amaç: Bu çalışmada, ishalli buzağılarda klinik olarak enfeksiyona bağlı olarak ge-
lişen artritin varlığını ve/veya hastalığın prognozunu değerlendirmede kullanmak 
amacıyla sinoviyal sıvı hiyaluronik asit, protein ve glukoz düzeyleri ve fiziksel 
özelliklerinin araştırılması amaçlanmıştır.
Metod: Sinoviyal sıvıda viskozite suyun viskozitesi ile karşılaştırılarak değerlendi-
rildi. Musin koagülasyon testi sinoviyal sıvının kalitesini belirlemek amacıyla kul-
lanıldı. Hiyaluronik asit düzeyleri “Enzyme-Linked Immuno Sorbent Assay” ile 
ölçüldü. 
Bulgular: Sağlıklı buzağılara ait sinoviyal sıvı berrak sarı renkte, yüksek visko-
zitede ve düşük protein içerirken; ishalli buzağıların sinoviyal sıvısı yüksek prote-
in, düşük viskozite ve düşük glukoz içermektedir. İlginç bir şekilde, test grubuna 
ait sinoviyal sıvıda hiyaluronik asit düzeyi (1.72±0.16 mg/ml) kontrol grubuna göre 
(0.96±0.04 mg/ml) önemli düzeyde yüksek bulunmuştur.
Sonuç: Veriler, ishalli buzağılardan alınan sinoviyal sıvının düşük viskozite, yük-
sek hiyaluronik asit ve düşük glukoz düzeylerinin sahip olmasının hastalığın şid-
detiyle paralel olduğunu göstermektedir. Bu gözlemlerden sinoviyal sıvıda viskozi-
te, glukoz, protein ve hiyaluronik asit düzeylerinin analizinin veteriner kliniklere 
gelen ishalli yenidoğan buzağılarda enfeksiyona bağlı olarak gelişen artrit/poliart-
rit olgularının varlığının saptanmasında ve/veya hastalığın prognozunda kullanıla-
bileceği kanısına varılmıştır.
Anahtar Kelimeler: sinoviyal sıvı, hiyaluronik asit, glukoz, protein, buzağı, ishal 
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Introduction
Neonatal calf diseases usually exist together with ente-
ritis/diarrhea, pneumonia or pneumoenteritis; however, 
they occasionally coexist with arthritis/polyarthritis (1-
4). Clinically, E. coli and similar pathogens are the main 
causes of enteritis and arthritis in calves (1,5,6). Usu-
ally, the calf is infected with more than one agent. Mo-
reover; non-infectious causes, including environmen-
tal, management, hygienic and nutritional factors may 
also be shown as reasons (7). Lack of umbilical hygie-
ne (omphalitis) and inadequate colostrums intake follo-
wing birth were shown to play an important role in the 
etiology of diarrheic neonatal calf diseases (8). Inflam-
matory reactions and cellular changes occur in the jo-
int membrane or joint fluid (9,10). Basoglu et al. (11) in-
dicate that serum TNF concentration is correlated with 
clinical criteria of sepsis in neonatal calves. The disea-
sed gut may show an increased permeability to potenti-
al antigens which could stimulate the production of im-
mune complexes (12). Swollen joints and walking disor-
ders (lameness) are the main clinical symptoms in art-
hritis. Other symptoms, such as an increase in synovi-
al fluid levels, fever, and pain, are also frequently ob-
served in arthritis (13,14). Biochemical and microbio-
logical analysis, including physical appearance, mucin 
coagulation test, protein levels, nuclear cellular counts, 
and cytology tests, are often performed in synovial fluid 
for differential diagnosis of the various forms of arthri-
tis; these tests are also applied to determine pathological 
changes during inflammation and the best treatment op-
tion for arthritis (14-16). It also causes a change in hya-
luronic acid (HA) levels in the synovial fluid (17). The 
structure and produced amount of HA may alter in art-
hritis (18). The main function of HA in joint fluid is to 
retain water and it plays important roles in the hydration, 
lubrication, and cellular functions of joints (19). Altera-
tions in HA levels in joint fluid associated with arthri-
tis were reported from different laboratories. For examp-
le, reduced HA levels were observed in mild and severe 
arthritis (19) as well as in osteoarthritis (20). Similarly, 
Dahl et al. (21) showed a reduction in HA levels in syno-
vial fluid with rheumatoid arthritis, osteoarthritis, and 
other joint diseases. Nonetheless, Praest et al. (22) re-
ported an increase in HA levels in the case of degenera-
tive joint disease and diabetic arthropathies of humans. 
The three most important disease problems in the young 
and neonatal calves are septicemia, diarrhea and pneu-
monia. Early identification and treatment of sick calves 
are very important. 
The purpose of the current study is to describe the physi-
cal characteristics of synovial fluid of healthy and diarr-
heic calves and to evaluate the HA, protein and glucose 
levels of synovial fluid of calves and to determine if the 
results vary accordingly to the severity of the disease. 

Materials and methods

Animals 
A total of 23 calves were used in this study. Animals are 
divided into two groups: (i) control group (i.e. 7 Holste-
in calves; 1-28 days) and (ii) test group (i.e. 16 diarrheic 
calves in different ages “4 young calves ≥30 days, neona-
tally 7 calves 15-30 days and 5 calves 1-14 days” and dif-
ferent races “10 Holstein, 3 Montafon, 1 Native, 1 Brown 
and 1 Simmental”). Animals were obtained from Inter-
nal Medicine at the Veterinary Clinic and from Instituti-
onal Animal Research Farm, Faculty of Veterinary Me-
dicine, Ankara University (Ankara, Turkey). The study 
protocol was reviewed and approved by an institutional 
animal care and use committee and it was performed in 
compliance with institutional guidelines for research on 
animals. Owner consent was obtained for privately ow-
ned animals used in this study. 

Synovial joint fluid collection and physical 
examination 
Arthritis was diagnosed according to clinical findings, 
arthrosynthese, joint radiography, physical and bioche-
mical characteristics of synovial fluid. Samples of jo-
int fluid (1-2 ml) were collected from healthy and dise-
ased calves in sterile glass centrifuge tubes under asep-
tic conditions. Synovial fluid samples were taken from 
the right carpal joints of healthy (control) and diarrhe-
ic calves under no anesthesia. Physical analysis (amo-
unt, color, appearance, viscosity, coagulation) of joint 
fluid were performed immediately after sample collec-
tions. Samples were then centrifuged at 16000xg for 10 
min. and supernatants were saved for the determination 
of HA levels and protein concentration as described (23). 
The viscosity of joint fluid was measured, and the re-
sult was evaluated in comparison to the viscosity of wa-
ter as described (18). Briefly, one droplet of the synovi-
al fluid was placed on a glass slide, and the sizes of fi-
laments were measured. If the size (length) is more than 
2.5 cm, it is considered “weak or low viscosity” or “ab-
normal” synovial fluid.

Protein, glucose and hyaluronic acid analysis 
Protein concentration was determined using the Biuret 
protein assay (24). An ELISA system was employed to 
determine the levels of HA in synovial fluid according 
to the manufacturer’s instructions (Echelon Biosciences 
Inc; product number K-1200; Salt Lake City, Utah, USA). 
Samples were diluted with PBS (1:1000-1:80000) before 
they were subjected to the ELISA test. 
We employed human HA-ELISA test system to measure 
HA levels in joint fluid. As indicated by the manufactu-
rer (Echelon Biosciences Inc.), this test can be success-
fully used to measure HA levels in biologic fluids from 
different sources, such as blood, serum, urine, and syno-
vial fluid obtained from humans, animals, or cell cul-
tures. 
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A mucin coagulation test was conducted to determine 
the quality of joint fluid as described (19,25). Briefly, a 
droplet of joint fluid was mixed with 20 ml of 7 N glacial 
acetic acid, followed by shaking. The quality of synovial 
fluid was assessed based on the characteristics of mucin 
coagulation. If the test results in a clear and sharp-edged 
coagulation, it is considered as “normal” synovial fluid; 
however, if the test shows no clear coagulation or display 
a cloudy or small coagulation or suspension, it is marked 
as “weak” synovial fluid. Levels of glucose were measu-
red using commercial test kits by an autoanalyser (Alc-
yon 300/300i Analyzer, Abbot). Microbiological analy-
sis of faeces samples taken from five calves with diarr-
hea were performed in the department of microbiology.
Statistical analysis 
The results are expressed as mean ± standard deviati-
on and as median (range) values. For statistical analysis 
SPSS 15.0 software, Kruskal Wallis and Mann-Whitney 
U-test were used. 
Results 
Calves in the test group were clinically evaluated, and 
results showed that among 16 calves, 15 of them showed 
symptoms of monoarthritis, and only one of them disp-
layed characteristics of polyarthritis. Faeces samples of 
five diarrheic calves (from one to 30 days old) were scre-
ened microbiologically. Enteropathogenic Escherichia 
coli was the most frequently isolated organism in the 
faeces samples of five diarrheic calves as well as some 
other minor polymicrobial infections were observed as 
BVDV, coronavirus and cryptosporidium.
Clinical signs 
Diarrhea causes varying degrees of fluid and electrolyte 
loss to the calf resulting in; dehydration, electrolyte im-
balance, acidosis, depression and loss of appetite.  
Clinical and physical examination of joints 
Observation (swelling, position-angulation); palpati-
on (nature of the swelling, heat, pain) and manipulati-
on (flex-bend) and extend (straighten) the joint, checking 
for pain and altered range of motion. Severity of the di-
sease in diarrheic arthritic calves were evaluated clini-

cally as severe (n=7), mild (n=4) and moderate (n=5). 
Synovial HA levels were compared statistically with the 
severity of the disease.
Physical examination indicated that synovial joint fluid 
from healthy calves displayed a light yellow color with 
clear content, whereas the synovial fluid obtained from 
arthritic calves appeared cloudy with no clear content 
(Table 1). Blood and fibrin in the synovial fluid associa-
ted with arthritis were also observed. The synovial fluid 
from control calves was characterized as “normal” beca-
use it showed a high viscosity and resulted in good mu-
cin coagulation and no blood and fibrin; however, joint 
fluid in arthritis was characterized as “abnormal” due 
to weak mucin coagulation and low viscosity. We furt-
her evaluated the synovial fluid based on protein levels: 
those less than 2 mg/ml were marked as “normal,” but 
more than 2 mg/ml were considered as “abnormal” jo-
int fluid (Table 1). 
Glucose levels in synovial fluid from diarrheic cal-
ves with arthritis were found to be lower (55 %) signi-
ficantly in comparison to control grup (Table 1). Mean 
glucose level proportion of the serum level  in healthy 
calves were 45.28±1.55 (average 40-52) and in arthritic-
diarrheic calves were 21.63±4.06 (average 7–38).
The results presented in Table 2 and Figure 1 showed 
that a 79 % increase in HA levels (1.72±0.16 mg/ml) was 
observed in joint fluid from diarrheic-arthritic calves in 
comparison to the levels (0.96±0.04 mg/ml) in normal 
synovial fluid from healthy calves, and such differen-
ces in HA levels between the two groups were statisti-
cally significant (p<0.05). In addition, the results from 
clinical evaluations and laboratory investigations sug-
gest that there is a strong correlation between HA levels 
and the severity of diarrheic-arthritis (Figure 2 and Tab-
le 3), especially HA levels above 2 mg/ml most likely in-
dicating severe arthritis in darrheic calves. 
We have demonstrated the altered HA, glucose and pro-
tein levels and physical properties of joint fluid in diarr-
heic arthritic calves, and such alterations might corre-
late with the severity of arthritis (Figure 2 and Table 3).

Table 1. Physical and biochemical characteristics of synovial joint fluid obtained from healthy or diarrheic arthritic calves

Sample Healthy calves (n=7) Arthritic calves (n=16)
Quantity Low High

Color Colorless or light yellow Yellow
Appearance Clear Cloudy/purulent

Viscosity Strong Weak
Spontaneous coagulation No Yes

Mucin coagulation test Strong mucin Weak or very weak mucin
Blood and Fibrin No Yes

Protein (g/dl) 1.66±0.27 3.74±0.45
Glucose (serum level %) 45.28±1.55 (40-52) 21,63±4.06 (7–38)

Remarks Normal Abnormal
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HA levels were increased significantly especially in 1-14 
days old diarrheic calves with arthritis (Figure 3 and 
Table 4). 
Discussion
Calf diarrhea remains the major cause of mortality in da-
iry calves. In this study, we showed that the levels of HA 
and the physical properties of synovial fluid from diarr-
heic calves with arthritis were significantly altered. We 
classified the synovial fluid based on protein and gluco-
se concentration, viscosity and mucin coagulation test 

“normal” or “abnormal” (Table 1). Similarly, an increase 
in HA levels was observed in synovial fluid in diarrhe-
ic calves with arthritis in comparison to controls (Figure 
1). Our results also showed that the viscosity of synovial 
fluid was reduced in diarrheic calves with arthritis. This 
reduction was most likely caused by the depolymeriza-
tion and hydration of HA due to inflammation (17,26). 
Hyaluronic acid is also known as mucin. Normally, 

synovial joint fluid was capable of producing strong mu-
cin coagulations. However, we have observed the induc-
tion of “weak mucin” coagulation in synovial fluid from 
diarrheic calves with arthritis (Table 1). These attributes 
of synovial fluid may be caused by the structural chan-
ge of HA by bacterial enzymes during infection in jo-
ints, and this interpretation is consistent with published 
studies (26-28). Interestingly, we observed statistically 
significant (p<0.05) elevated HA levels (1.72±0.16 mg/
ml) in joint fluid from the test group (n=16, diarrheic 
calves with arthritis), compared to HA levels (0.96±0.04 
mg/ml) in the control group (n=7; healthy calves) (Figu-
re 1). Our observation is consistent with the literature, in 
which an increase in HA levels (2.00±0.57 mg/ml) was 
reported in joint fluid in arthritis (29).
This finding suggests that an increase in HA levels may 
be an important indicator for the prognosis of arthritis 
in diarrheic calves (30). Moreover, there may be a corre-

Table 2. Statistical significance and HA levels of synovial joint fluid obtained from healthy (control) or arthritic calves 

Parameter

Control Group Diarrheic Arthritic Group

P      n                x                  Sx        n                x              Sx

HA (mg/ml)
      7             0,96                0,04        

(0.88–1.20)
      16             1,72          0,16

(0.80–3.20)
P ≤ 0.05

Table 3. Relationship between the severity of the disease and HA levels of synovial joint fluid obtained from diarrheic arthritic calves

Parametre
Severe Mild Moderate

Pn    Min.  Max.   Median        n    Min.    Max.   Median        n    Min.  Max.   Median        

HA (mg/ml) 7   1.20   3.20      2.48 4    1.04     1.60      1.32 5     0.8     2.0       1.76 P ≤ 0.01

Figure 1. Hyaluronic acid (HA) levels in the synovial fluid from 
healthy (control group; n=7) and calves with diarrheic arthritis (test 
group; n=16). 

Figure 2. Correlation between hyaluronic acid (HA) levels in 
synovial fluid and the severity of diarrheic arthritis. HA levels were 
determined in synovial fluid from severe (n=7), mild (n=4) and 
moderate (n=5) arthritis cases. Data are representative of individual 
experiments. P-value: 0.01; HA: Hyaluronic acid.
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in calves. Usually, the calf is infected with more than 
one agent. The highest risk period for diarrhea is from 
birth until about 1 month of age. 
We found significantly elevated HA levels in the synovi-
al fluid of young diarrheic calves with arthritis. It should 
be indicated that this is the first study reports the incre-
ased levels of HA in the synovial fluid of young diarrhe-
ic calves with arthritis. Interestingly, some other reports 
suggested the reduced levels of HA in synovial fluid in 
horses with arthritis (31,32) and in humans with arthritis, 
osteoarthritis, and rheumatoid arthritis (19-22). During 
diarrhea, pathogens may enter into blood circulation and 
result in arthritis or polyarthritis in calves. Polyarthri-
tis in calves may be immune-mediated as reported for 
canines (12). These observations suggest the possibility 
that presence of both symptoms (diarrhea and arthritis) 
in calves may result in an unexpected increase in HA le-
vels. This may be an explanation for the differences bet-
ween our findings and published results (20-22). Nevert-
heless, the potential effects of diarrhea that can cause an 
increase in HA levels in synovial fluid deserve further 
investigation.
Finally, although it is very rare, elevations of protein 
concentration (3 mg/ml) and HA levels (2 mg/ml) in hu-
mans have been implicated as reflecting a severe inf-
lammation in the joints (18,29). Consistently, we also ob-
served an increase in HA levels (>2 mg/ml) and protein 
concentration (>4 mg/ml) in the synovial fluid with art-
hritis in five calves. Therefore, these observations sug-
gest that HA levels may increase as a result of inflam-
mation, depending on the conditions of arthritis.
In conclusion, this report shows a significant increase in 
synovial HA and protein levels and decrease in gluco-
se levels in diarrheic calves with arthritis. Alterations of 
the biochemical and physical attributes of synovial flu-
id strongly indicate the significant changes occurring at 
the joints of young calves. Our data also suggest the pos-

lation between the severity of arthritis and levels of HA; 
however, the observation in the current study (Figure 2) 
and studies from others (18, 25) suggest that HA levels 
may not always correlate with the clinical symptoms as-
sociated with mild and weak arthritis in diarrheic calves.  
The mechanism of increased HA levels in diarrheic cal-
ves with arthritis is unknown. Kruskal Wallis Test re-
sults suggest that increased HA levels may only be im-
portant for the ages between one and fourteen days (Fi-
gure 3 and Table 4). Older calves can normally have dif-
ferent HA values when compared to younger calves. The 
articulation is very active in young animals. The carti-
lage is remodelling according to the forces applied on it. 
For calves neonatal period is 1-28 days. 
Diarrhea is the most common cause of death in young 
calves. Bacteria, viruses and/or parasites cause diarrhea 

Figure 3. Distribution of hyaluronic acid (HA) levels according to the 
age groups of diseased calves with diarrheic arthritis.

Table 4. Distribution of hyaluronic acid levels according to the age (day) groups of  calves with diarrheic arthritis. 

Age (day) 1-14 15-30 > 31 day Control (1-28) day
n 5 7 4 7

HA (mg/ml) 1.60 0.80 0.96 0.88
3.20 1.04 1.20 0.96
2.20 2.56 0.96 1.20
2.48 0.96 1.76 0.96
1.60 2.48 0.90

2.00 0.96
1.04 0.88

Mean 2.216±0.299a 1.554±0.289b 1.220±0.188b 0.96±0.04b p<0.05
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sibility that alterations in HA levels may be correlated 
with the degree of arthritis in neonatal diarrheic calves. 
Thus, the determination of HA levels may potentially be 
used as a prognostic or, in some cases, as a differential 
diagnostic marker for arthritis in diarrheic calves in the 
veterinary clinics. 
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