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ABSTRACT
Serum pepsinogen activity was determined in the blood serum of 126 clinically healthy cows by the 

method of Paynter. After slaughter the cows studied were classified into three groups according to established 
macroscopic changes to the mucous membrane of the abomasum: a group without changes, a group with ulcers 
and a group with other changes. The prevalence of the appearance of abomasal ulcers was 7%. In the group 
of cows with ulcer the average activity of pepsinogen was statistically significantly higher than in other two 
investigated groups (P<0.001). We found that the extent of changes to the mucous membrane of the abomasum 
had statistically the most significant influence on the activity of pepsinogen (P<0.001). The number of changes 
had smaller, but still statistically significant influence on the activity of pepsinogen (P<0.05). On the basis of 
a confidence level of 95%, we determined 5.0 U/L as the upper boundary of serum pepsinogen activity, which 
still does not signify major changes to the mucous membrane of the abomasum. The use of serum pepsinogen 
promised to provide a simple serum test to evaluate absence of subclinical abomasal ulcers in cows with known 
parasitological status. 
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Introduction
The prevalence of abomasal mucousal diseases in cows is becoming more frequent 

in modern intensive production (RADOSTITS et al., 2000; PALMER and WHITLOCK, 1984; 
KATCHUIK, 1992; CABLE et al., 1998). Clinical signs are often rather diffuse and non-
specific and it would be of considerable help to find an association between abomasal 
ulcers and various clinical parameters. Gastroscopy has become an excellent tool to verify 
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the diagnosis in humans, horses and dogs (ODERDA et al., 1988; SANDIN et al., 1999). In 
cattle practice this diagnostic method cannot be used due to presence of the forestomach 
and permanent secretion of abomasal juice.

Pepsinogen is an inactive form of pepsin, which is the most important proteolytic 
enzyme of gastric juice. Increased activation of pepsinogen into pepsin by enhanced 
acidity of gastric contents can cause ulcers in humans and animals (TANAKA et al., 1991; 
SAEZ-ALQUEZAR et al., 1978; VIANELLO et al., 1988). In human serum pepsinogen was 
elevated by different diseases including gastric and duodenal ulcers (SAMLOFF et al., 1986). 
An increase in pepsinogen reflects mucousal damage as a consequence of an Ostertagia 
infection in cattle (XIAO et al., 1992; BERGHEN et al., 1993; SCHAW et al., 1997; SCOTT et 
al., 1999). Elevated pepsinogen levels induced by non-parasitic diseases in cows such as 
abomasitis catarrhalis acuta, abomasal ulcerations and left or right abomasal displacement 
were not confirmed (VÖRÖS et al., 1984; ZADNIK and MESARIČ, 1999). Pepsinogen activity 
of cattle with abomasal ulcer with fatal haemorrhage was abnormally high only in half of 
investigated animals (AUKEMA and BREUKINK, 1974). However, no exact investigations 
were made to determinate the role of serum pepsinogen in detecting abomasal ulcers in 
cattle. 

In our contribution, the applicability of serum pepsinogen activity for the diagnosis of 
changes to the mucouse membrane of the abomasum in cows was under investigation. 

Materials and methods
Blood samples were taken from 126 clinically normal cows before slaughter from 

tail vein (v. caudalis mediana). Serum was separated with centrifugation and frozen at 
-20 °C until examination. Pepsinogen activity in serum was determined via the method 
by PAYNTER (1994). After slaughter the abomasum was opened via curvatura minor, the 
entire mucousa was thoroughly examined and samples for histopathological examination 
were taken. Number, extent and location of established macroscopic changes of abomasal 
mucousa were recorded. With regard to macroscopic changes of mucousa, cows were 
divided into 3 groups: group without changes (n = 22), group with other changes (n = 90) 
and group with ulcers (n = 14). In group with other changes we have classified cows with 
abomasitis and erosions. The estimated macroscopic changes of abomasal mucousa were 
verified by histopathological examination. 

The data were statistically evaluated by means of the analysis of variance (ANOVA), 
the multiple classification analysis and Youden index (ARMITAGE, 1971). Furthermore, 
in a series of serum pepsinogen determinations the true positive rate was plotted against 
the false positive rate to find optimal cutoff values, according to the receiver-operating 
characteristic (ROC) curve approach (METZ, 1978; ZWEIG and CAMPBELL, 1993).
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Results
Results of histopathological examination matched with macroscopic distribution of 

the changes of abomasal mucousa. Fourteen abomasal ulcers were reported; 12 of type 
I and 2 of type II. The prevalence of the appearance of abomasal ulcers in our research 
was 0.07 (7%). 

Abomasal mucosa n Pepsinogen (U/L) x ± SD P value

Without changes 22 3.14 ± 1.06 ]
] ]Other changes 90 4.27 ± 2.70

Ulcers 14 6.44 ± 2.80 <0.01

<0.05
<0.001

ANOVA: F = 18.122; P< 0.001

Table 1. Mean pepsinogen activities in cows with changes to the abomasal mucosa 

Serum pepsinogen activity from all three groups is depicted in Table 1. The lowest 
mean pepsinogen activity was found in the group without changes. In the group of 
cows with abomasal ulcers statistically significant higher mean activity of pepsinogen 
was found, compared to the group without changes (P<0.001) and the group with other 
changes (P<0.05). Mean activity of pepsinogen was in the group with ulcers twice as high 
as in the group without changes. 

Abomasal ulcer

Serum pepsinogen Yes No Total
< 5.0 U/l 4 81 85
> 5.0 U/l 10 31 41
Total 14 112 126

Table 2. Predictive value of serum pepsinogen in cows with abomasal ulcer

Positive predictive value = 10/41 = 0.24 (24%); Negative predictive value = 81/85 = 0.95 (95%)
Sensitivity = 10/14 (71.4%); Specificity = 81/112 (72.3%); Youden index = 0.44; Prevalence of 
abomasal ulcers = 0.07 (7%); Relative risk = 5.2; χ2 = 8.95 (P< 0.01)

Group without changes to the mucous membrane of the abomasum comprised the most 
homogeneous group in their serum pepsinogen distribution (x ± SD: 2.67 - 3.61 U/L). The 
greatest dispersion of serum pepsinogen was found in the group with abomasal ulcers (x ± 
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SD: 4.93 - 7.93 U/L). It was established that pepsinogen activities in blood of cows above 
5.0 U/L revealed that abomasal mucousa was severely affected.

Influence F-value  P-value

Location 0.69 0.504
Number 3.49   0.034*
Extent 24.99     0.0001***

Table 3. Influence of location, number and extent of changes to the mucous membrane of the 
abomasum on serum pepsinogen by multiple comparison analysis

*P<0.05; ***P<0.0001

The positive and negative predictive values were calculated by analysing results using 
a 2×2 contingency table (Table 2), grouping animals into those with pepsinogen activity 
greater than 5.0 U/L or less than or equal to 5.0 U/L, and whether or not cows had a 
documented abomasal ulcer. Results indicate that cows with elevated serum pepsinogen 
activity were 5.2 times (relative risk = 5.2) more likely to have abomasal ulcer than those 
with low or normal activities. The specificity of the method for pepsinogen determination 
for establishing abomasal ulcers was 72%, and sensitivity 71%. The positive predictive 
value for pepsinogen activity was 24%. More impressively, the negative predictive value 
of pepsinogen activity was 95%. Via Chi-square test a statistically significant (P<0.01) 
association was established between pepsinogen activity above 5.0 U/L and the presence 
of abomasal ulcers.

Fig. 1. Receiver-operating characteristic (ROC) curve of serum pepsinogen activity in the 
diagnosis of abomasal ulcer
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Figure 1. illustrates the ROC curve of the serum pepsinogen activity in the diagnosing 
of abomasal ulcer. The curve-suggested cutoff for serum pepsinogen activity was 5.5 
U/L (sensitivity = 65%, specificity = 81%) and area under the ROC curve was 0.769. The 
likelihood ratio for a positive test would be 3.35 and, for a negative test, 0.43.

The extent of changes to the mucous membrane of the abomasum had a statistically 
significant (P<0.001) influence on the activity of pepsinogen (Table 3). The number of 
changes had smaller, but still significant influence on the activity of pepsinogen (P<0.05). 
Location of changes has no influence on the activity of pepsinogen. 

Discussion
The use of serum pepsinogen activity promised to provide a simple serum test to 

diagnose or evaluate cows with subclinical abomasal ulcer. Our present data confirm that 
serum pepsinogen activities were significantly higher in cows with established abomasal 
ulcer than in cows with other changes, and without changes, to the mucouse membrane 
of the abomasum. 

Since our group without changes to the mucous membrane of the abomasum comprised 
individual cows without established histopathological findings of abomasum we considered 
it valid to infer a range of normal values arising from the results of this group. In fact, 
the distribution of serum pepsinogen activity was rather homogeneous in this group. No 
serum pepsinogen activities below 1.0 U/L were established in group without changes in 
comparison with the other investigated group of cows. The greatest frequency of elevated 
serum pepsinogen activity is related to the existence of abomasal ulcer and also to the 
presence, in some cases, of other changes to the mucous membrane of the abomasums.

On the basis of a confidence level of 95%, we determined 5.0 U/L as the upper 
boundary of activity of serum pepsinogen, which still does not signify major changes 
to the mucous membrane of the abomasum. The established upper boundary of serum 
pepsinogen is equal to that determined by PAYNTER (1994). Elevated serum pepsinogen 
activity defined by the study population itself was associated with a relative risk of 5.2 
for abomasal ulcer. Direct calculations of the predictive value of an elevated pepsinogen 
activity revealed that only about 24% of cows develop abomasal ulcer. More impressive 
is that low normal pepsinogen activity indicated the absence of abomasal ulcer in 95% 
of cows. This high negative predictive value may reflect the relatively low prevalence of 
abomasal ulcer (7%) in our study population. The values obtained for the area under the 
ROC curve indicate the moderate accuracy of this test. The curve-suggested cutoff for 
plasma pepsinogen activity (5.5 U/L) resulted in estimates of sensitivity and specificity 
within the 5.0 U/L cutoff’s CIs. Similarly, the Youden index of serum pepsinogen activity 
indicates moderate accuracy in diagnosing abomasal ulcer. These data may be explained 
by the fact that abomasal ulcers are heterogenic conditions and that acid peptic over 
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secretion may not be the main pathogenetic factor in all abomasal ulcers. There are also 
conflicting findings about how serum pepsinogen passes from peptic cells to the blood 
in cattle. There are two main theories about increasing serum pepsinogen activity. The 
first involves increased epithelial and vascular permeability allowing pepsinogen to leak 
into the blood (JENNINGS et al., 1966; MURRAY, 1969), and the second involves the direct 
hypersecretion of pepsinogen into the blood from zymogenic cells in a retrograde direction 
(McKELLAR et al., 1986; FOX et al., 1989). Our finding of significant influence of the extent 
and number of changes to the mucous membrane of the abomasum on the raised serum 
pepsinogen confirmed the statement that the concentration of serum pepsinogen is a good 
reflection of the damage to the abomasal mucousa. 

The routine determination of serum pepsinogen activity represents, according to 
data obtained and the use of other known diagnostic methods, an important parameter of 
diagnostic help. The method is of limited value in animals with unknown or unfavourable 
parasitological status, since a higher serum pepsinogen level was also established in other 
forms of abomasitis caused by O. ostertagi. Low or normal levels of serum pepsinogen 
activity (<5.0 U/L) may be useful as a predictor for low susceptibility for major changes 
to the mucous membrane of the abomasum.

Conclusion
The use of serum pepsinogen promised to provide a simple serum test to diagnose or 

evaluate subclinical abomasal ulcers in cows with favourable parasitological status. Our 
present data confirm that serum pepsinogen activities were significantly higher in cows 
with abomasal ulcer compared to cows without. 
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SAŽETAK
Uporabom metode po Paynter-u, kod 126 klinički zdravih krava određivana je aktivnost serumskog 

pepsinogena u krvnom serumu. Nakon klanja, promatrane krave razvrstane su u tri skupine prema ustanovljenim 
makroskopskim promjenama u mukoznoj membrani sirišta: skupina bez promjena, skupina s čirom i skupina 
s drugim promjenama. Prevalencija pojavnosti čira sirišta iznosila je 7%. U skupini krava s čirom, prosječna 
aktivnost pepsinogena bila je statistički značajno viša u odnosu na druge dvije istražene skupine (P<0,001). 
Ustanovljeno je da proširenost promjena u mukoznoj membrani sirišta ima statistički najznačajniji utjecaj na 
aktivnost pepsinogena (P<0,001). Broj promjena imao je manji, ali još uvijek statistički značajan utjecaj na 
aktivnost pepsinogena (P<0,05). Na temelju razine pouzdanosti od 95%, kao gornja granica aktivnosti serumskog 
pepsinogena utvrđeno je 5,0 U/L što još uvijek ne označava veće promjene u mukoznoj membrani sirišta. Uporaba 
serumskog pepsinogena, kao pokazatelja u jednostavnom testiranju na  supklinički čir sirišta, čini se opravdanom 
u krava s poznatim parazitološkim statusom.

Ključne riječi: govedo, sirište, čir, pepsinogen
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