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ABSTRACT

There is increased concern about the selection pres-
sure of antimicrobial use (AMU) in humans as well in 
farm animals resulting in antimicrobial (AM) resis-
tance. The introduction of monitoring of AMU in food-
producing animals since 2011 has led to a considerable 
quantitative reduction of AMU in those animal species 
in the Netherlands. This survey was conducted to ex-
plore the possibilities to improve prudent use of AM in 
the cattle industry. We sent an online questionnaire to 
373 veterinarians and asked which antimicrobial pro-
phylaxis they used for their most recently performed 
cesarean section (CS) and left displaced abomasum 
(LDA) correction. With a response rate of 30%, we 
found that older graduates used more AM for CS than 
recently graduated veterinarians (odds ratio = 2.4 to 
2.7 depending on category), whereas antimicrobial pro-
phylaxis in LDA surgeries was significantly different for 
the available surgical correction methods. The results 
indicate that the respondents do not adjust the surgi-
cal antimicrobial prophylaxis for different conditions of 
the patient or the environment; 37 (38%) respondents 
consider that the risks of contamination are similar for 
CS and LDA. In CS and all LDA correction methods 
preoperative prophylaxis was significantly less often ap-
plied than postoperative antimicrobial treatments (odds 
ratio = 0.05 and 0.08, respectively). When preoperative 
prophylaxis was applied, the choice of (combinations 
of) the AM and the timing of administration were not 
adequate at the start of the surgical procedure (88% for 
CS and 90% for LDA). We conclude that considerable 
qualitative (timing, choice of antimicrobial, route of ad-
ministration) and quantitative (limit AMU to indicated 
procedures) improvement on antimicrobial prophylaxis 

for CS and LDA is possible by appreciation of the risks 
of the type of surgery (CS, LDA) and its conditions 
as well as by selecting classes of AM and timing and 
routes of administration that result in effective drug 
concentrations at the start of the procedure.
Key words: prudent antimicrobial use, cattle, cesarean 
section, correction of abomasum displacement

INTRODUCTION

There is increased concern that the selection of 
antimicrobial (AM)-resistant microorganisms seri-
ously limits the future treatment options of humans 
and animals in need of AM treatment and hampers 
the development of modern medicine. The first step in 
refining antimicrobial use (AMU) in livestock was the 
ban on use of AM for growth promotion, implemented 
in Europe in 2006. In the Netherlands, a national policy 
on AMU reduction was introduced in 2009, which was 
characterized by the introduction of guidelines, AMU 
monitoring of all farms (since 2011), and a bench-
marking system per animal species. This system with 
compulsory and voluntary actions resulted in an overall 
reduction in AMU of almost 70% in 2019 compared 
with the situation in 2009 (Speksnijder et al., 2015; 
NethMap-MARAN, 2020).

The monitoring system showed that there were large 
differences in AMU between different sectors of the live-
stock industry. The Dutch dairy sector had the lowest 
AMU, which coincided with a limited AM resistance 
in dairy cows in comparison to other livestock animal 
species. Nevertheless, a further reduction in usage was 
achieved in dairy cattle. This was largely due to the in-
troduction of selective dry cow treatment, as most AM 
treatments in dairy cattle were given intramammarily 
(SDa, 2014). An evaluation of this selective dry cow 
treatment strategy showed that this reduction neither 
resulted in an increased number of mastitis treatments, 
nor deteriorated udder health in general (Vanhoudt et 
al., 2018).
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In general, it is assumed that the risk of AM resis-
tance selection is high for particular mass medication 
strategies, typically by oral administration and as part 
of standard practice, and this is the justification for 
monitoring and benchmarking the quantitative use of 
AM to achieve overall reduction of AMU.

Nevertheless, prudent AMU includes also the justi-
fied selection of the appropriate AM drug, including the 
dosage, timing, and duration of the treatment during 
therapeutic procedures such as surgery on individual 
animals. The efficacy of AM treatment depends on the 
proper AM substance for the (pathogenic) microbes on 
one hand, and the achieved serum and tissue levels of 
the drug on the other hand. These variables are de-
termined by the drug formulation, dosing, route, and 
timing of administration and are described in several 
pharmacokinetic studies. For example, it is shown in 
cows that intramuscular administration of ampicillin 
sodium resulted in much faster and greater plasma con-
centrations when compared with 4 times higher dosages 
with intramuscular ampicillin anhydrate injections, al-
though the duration of effective plasma concentrations 
was much shorter (Klein et al., 1989).

It is common practice to administer AM prophylaxis 
for surgical procedures in cows. The AM prophylaxis 
may be given before, during or after the surgical pro-
cedure, but there is strong evidence in humans that 
it is most effective when given before the procedure 
(Berríos-Torres et al., 2017). The objective of AM 
prophylaxis is not to sterilize tissues or to compensate 
for insufficient cleaning and disinfection of the surgical 
site, but to reduce the microbial burden of unavoid-
able intraoperative contamination. In human medicine, 
the recommended use of AM prophylaxis is based on 
a surgical wound classification such as the classifica-
tion of the US National Research Council (Mangram 
et al., 1999). This classification is based on the esti-
mated level of the bacterial contamination from the 
gastrointestinal tract and from the environment of the 
patient. The classification is also cited in the veterinary 
literature, but the compliance to the recommendations 
is unknown (Dumas et al., 2016).

To promote the prudent use of AM in the dairy 
industry, the objective of this study was to explore 
the use of AM prophylaxis for surgeries performed by 
Dutch veterinarians to identify areas for improvement. 
For this purpose, a national cross-sectional study was 
designed to describe and analyze the perioperative use 
of AM for 2 important surgical interventions in cows: 
cesareans and corrections of abomasum displacements 
to the left.

MATERIALS AND METHODS

Survey

We developed an online questionnaire on prophylac-
tic use of AM for cesarean section (CS) and more or 
less invasive corrections of left displaced abomasum 
(LDA). In the Netherlands, these surgeries are always 
performed on the farm. The online questionnaire was 
tested in a small group of colleagues before sending 
it to the target population of all 373 veterinarians of 
the Royal Dutch Veterinary Association (KNMvD) 
with a membership in bovine medicine. In accordance 
with privacy legislation, the contact details of the vet-
erinarians were not accessible to the authors, but were 
directly transferred by an independent operator into 
an online software system (EvaSys V7.0; https: / / evasys 
.de/ en/ ). The self-administered questionnaire consisted 
of 14 open and 17 multiple-choice questions. To increase 
attention for the survey, the authors announced the 
study in their network using social media. The software 
system mailed nonresponders a reminder after 2 wk. 
To avoid a response bias, the veterinarians were able 
to submit their answers anonymously, although they 
could disclose their contact details at the end of the 
questionnaire to receive updates on the study. It was 
explicitly stated that all questions should be answered 
for the most recently performed LDA correction and 
CS to reduce recall bias. We used personalized links 
to minimize the risk that respondents submitted their 
answers more than once.

The questions were divided into 3 sections. The first 
section included questions about sex, working experi-
ence, working time spent with cattle, time since LDA 
correction and CS were last performed, and availability 
of specific protocols for the usage of AM around ab-
dominal surgeries in their practice. Sections 2 and 3 of 
the survey included questions about the dosage, timing, 
application method, and AM used around CS and LDA 
correction, respectively. Veterinarians who performed a 
surgical LDA correction were asked to characterize the 
technique they used during the last procedure. In case 
of CS, we asked whether the veterinarian administered 
intrauterine AM during the last procedure. For both CS 
and LDA, we asked whether and, if applicable, which 
AM wound spray was used. Additionally, we asked the 
veterinarians to assess the cleanliness of the cow and 
the surgery site on a scale of 1 (very clean) to 5 (very 
dirty) of the most recent CS and LDA procedures. Fi-
nally, we asked the veterinarian to estimate the risk for 
complications after both surgeries with the used AM 
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treatments and also for the (imaginary) situation where 
no AM were used. Respondents who did not perform a 
CS or an LDA correction were excluded from the data 
analyses.

Data Handling

Data were downloaded from the survey software into 
Microsoft Excel 2008 to calculate descriptive statistics, 
and we used R (version 4.0.2; https: / / www .r -project 
.org/ ) for statistical analyses. We used separate logistic 
models for LDA and CS to evaluate the effects of the 
following a priori set of categorical variables on AMU 
(yes/no): years of experience in clinical practice (0–10 
yr, 10–20 yr, 20 to 30 yr, more than 30 yr), sex (male or 
female), percentage of available time dedicated to cattle 
(0–50%, 50–75%, more than 75%), production type of 
the animal (meat or milk or dual purpose), cleanliness 
of the cow scored by the respondent (very clean, clean, 
average, dirty, or very dirty), cleanliness of the envi-
ronment during the surgery scored by the respondent 
(very clean, clean, average, dirty, or very dirty), tech-
nique used (only for LDA), and number of cesareans 
performed by the respondent per month or the number 
of LDA surgeries per year (0–2, 2–4, 4–6, more than 6). 
Odds ratios (OR) were derived from the estimators of 
the logistic model (OR = e−β). We analyzed timing and 
site of administration of the AM relative to the surgical 
procedure (pre-operative injection, intraabdominal use 
during the surgery, intraincisional between the muscle 
layers during the surgery, intramuscular injection after 
the surgery, spray on the closed wound, and for CS also 
the intrauterine application of AM), their interactions, 
as well as random effects for the respondents.

Two other logistic models were used to evaluate 
whether observations during the surgery affected the 
length of the postoperative AM treatment period as 
dependent variable (up to 3 d or longer). Included in-
dependent variables were the presence of asepsis failure 
during the surgery (yes/no), cleanliness of the animal, 
and cleanliness of the environment.

We used logistic regression to test whether the LDA 
correction method was associated with a higher or 
lower estimated risk of complications between CS and 
LDA. In addition, we used the exact binomial method 
to test whether the estimated risk on complications was 
higher for CS or LDA. Based on the estimations of the 
respondents of the risks for complications with the AM 
prophylaxis used and the estimated risk for complica-
tions without any AM prophylaxis, we calculated their 
estimated number needed to treat (NNT) for both 
surgeries as follows:

 NNT
risk for complications without prophylaxis

risk  for

=
( )
−

1

complications with prophylaxis( )

.  

We used linear mixed effects models to compare the 
estimated NNT for CS and LDA, and we used Akaike 
information criterion for all model reductions.

RESULTS

Survey Response Rate and Respondent 
Demographics

A total of 113 out of 373 veterinarians completed the 
online survey, which corresponds to a response rate of 
30%. We found that 74% and 64% of the respondents 
had a specific protocol on AMU at their disposal for CS 
and LDA corrections, respectively. Other descriptive 
results are shown in Table 1, which are similar to the 
demographics of bovine veterinarians in the country 
(data not shown).

Cesarean Sections

A total of 111 of the 113 respondents performed a 
CS. All 111 respondents reported that they treated 
their last CS cow with one or more perioperative AM 
treatments. Almost all respondents (94%) stated that 
they postoperatively administered AM intramuscularly. 
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Table 1. Characteristics of the respondents to a survey about 
antimicrobial use for cesarean section and left displaced abomasum 
performed by bovine veterinarians in the Netherlands

Item  n (%)

Sex
 Male 89 (78.8)
 Female 24 (21.2)
Years of work experience  
 0–10 21 (18.6)
 10–20 28 (24.8)
 20–30 35 (31.0)
 ≥30 29 (25.7)
Percentage of time dedicated to cattle  
 0–251 2 (1.8)
 25–501 10 (8.8)
 50–75 24 (21.2)
 75–100 77 (68.1)
Number of veterinarians in practice  
 1–3 9 (8.0)
 3–5 26 (23.0)
 5–8 27 (23.9)
 ≥8 51 (45.1)
1Due to low numbers per class, these were combined into one during 
the statistical analyses.
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Even more respondents (98%) sprayed the wound after 
closure, this spray contained AM in 30 cases. Many 
veterinarians (76/111) administered AM at more than 
one time point and 13 (17%) of these 76 respondents 
used AM before, during, and after the CS. Fifty-two 
(47%) of 111 respondents administered AM preop-
eratively and 44 (40%) respondents administered AM 
intraoperatively.

Antimicrobial use for CS was not affected by the 
percentage of time dedicated to cattle, production type 
of the animal, cleanliness of the cow, cleanliness of the 
environment, number of performed CS per month, and 
sex of the respondent. Only timing, site of administra-
tion, and years of experience were significantly different 
in the logistic regression model. The use of AM spray 
on the closed wound was similar to the postoperative 
AMU, but pre-operative AMU (OR = 0.05), intraab-
dominal AMU (OR = 0.02), intraincisional AMU, be-
tween the muscle AMU (OR = 0.02), and intrauterine 
AMU (OR = 0.06) were significantly (P < 0.05) less 
often practiced compared with postoperative AMU. 
Overall, respondents with 10 or more years of experi-
ence in practice used AM more often (P < 0.05) for CS 
compared with respondents with less experience (OR = 
2.4 to 2.7 depending on category; Table 2).

Most respondents rated the cleanliness of the cow 
and the environment, respectively, as clean (score 2, 
40% and 30%) or normal (score 3, 35% and 48%). 
Many (75%) stated that they finished the CS without 
intraoperative complications that resulted in unex-
pected infections or asepsis, whereas 13% encountered 
minor complications and only 12% encountered serious 
complications in asepsis. These factors and also sex 
were not associated with a postoperative AM treatment 
period of more than 3 d.

From the 52 pre-operative treatments, 39 were given 
by intramuscular administration of ampicillin, procaine 
benzylpenicillin, or procaine benzylpenicillin–strepto-
mycin combinations. One veterinarian administered the 
AM between 30 and 45 min before the incision, and 
38 reported administering within 30 or 15 min before 
the first incision. The remaining 13 pre-operative treat-
ments consisted of intravenously administered ampicil-
lin sodium within 30 to 15 min before the first incision.

Left Displaced Abomasum Corrections

Table 3 shows which surgical techniques were used by 
the 110 respondents who performed a LDA correction 
and how often AM prophylaxis was used. Seventy-nine 
(72%) of 110 respondents administered AM for their 
most recently performed LDA correction. Twenty-two 
of 110 (20%) respondents administered AM preopera-
tively and 17 (15%) of 110 respondents administered 
AM intraoperatively during LDA corrections by either 
intraabdominal AMU or intraincisional AMU between 
the muscle layers, and 72 (65.5%) administered AM 
postoperatively. Even more respondents (92%) sprayed 
the wound after closure; this spray contained AM in 37 
cases.

Similar to AMU for CS, AMU for LDA was not af-
fected by the percentage of time dedicated to cattle, 
production type of the animal, cleanliness of the cow, 
cleanliness of the environment, number of performed 
cesareans per year, and sex of the respondent. While 
most respondents indicated to administer postopera-
tively intramuscular AM, significantly less (P < 0.05) 
AM were administered pre-operatively (OR = 0.08), 
in the abdomen (OR = 0.03), or intraincisionally be-
tween the muscle layers (OR = 0.03). In contrast with 
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Table 2. Reported antimicrobial use (% in parentheses) in cesarean section and corrections of left displaced 
abomasum (LDA) for respondents with different years of work experience

Item

Antimicrobial administration at different 
surgical periods

Pre Intra Post

Cesarean section
 Years of work experience
  0–10 (n = 20) 7 (35) 2 (10) 19 (95)
  10–20 (n = 27) 12 (44) 13 (48) 27 (100)
  20–30 (n = 35) 21 (60) 15 (43) 31 (89)
  >30 (n = 29) 12 (41) 14 (48) 27 (93)
 Total antimicrobial use (n = 111) 52 (47) 44 (40) 104 (94)
LDA correction
 Years of work experience
  0–10 (n = 20) 5 (25) 1 (5) 14 (70)
  10–20 (n = 27) 6 (22) 3 (11) 15 (56)
  20–30 (n = 35) 7 (20) 4 (11) 22 (63)
  >30 (n = 28) 4 (14) 9 (32) 21 (75)
 Total antimicrobial use (n = 110) 22 (20) 17 (15) 72 (65)
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CS, AMU for LDA was not associated with years of 
experience (Table 2). Compared with the laparoscopic 
technique, AMU was significantly (P < 0.05) higher 
when respondents used left flank laparotomy (OR = 
7.3), right flank laparotomy (OR = 6.1), and less when 
other techniques were used (OR = 0.26).

Fourteen of the 22 pre-operative treatments consisted 
of intramuscular administering of ampicillin or procaine 
benzylpenicillin given within 30 to 15 min before the 
first incision. The remaining 8 pre-operative treatments 
consisted of intravenously administered ampicillin so-
dium within 30 or 15 min before the first incision.

Postoperative AMU was reported by 72 (65%) re-
spondents, although 85% of the LDA corrections were 
performed without intraoperative complications, 11% 
with minor complications, and only 4% with serious 
complications in asepsis. Most respondents rated the 
cleanliness of the cow and the environment, respec-
tively, as clean (score 2, 57% and 42%) or normal (score 
3, 32% and 47%). Postoperative AM treatments were 
almost always given for 1 to 3 d (94.5%). Similar to 
CS, we found no associations between the cleanliness of 
the cow, cleanliness of the environment, occurrence of 
complications, or sex and the length of the postopera-
tive AM treatment period.

Number Needed to Treat

We found that 37 of the respondents indicated that 
the perceived risk of complications due to contamina-
tions during the surgery was similar between CS and 
LDA. There was no effect of the applied LDA correc-
tion technique in the analyses, which means that the 
perceived risks for these techniques were similar. The 
respondents indicating that the perceived risk between 
CS and LDA was not similar, estimated in a significant 
majority (88%, CI 77–95%) that the risk of compli-
cations was higher for CS compared with LDA. After 
deriving the NNT for both CS and LDA based on the 
perceived risk of the veterinarians for complications 
with and without AM prophylaxis, we calculated that 
this derived NNT was significantly (P < 0.05) lower for 
CS (5.6) compared with LDA (7.9). This means that in 

case of LDA, more treatments are thought to be neces-
sary to prevent one cow with complications compared 
with CS. The point estimate of the effect was 2.32 (95% 
CI = 1.24–3.40).

Product Selection and Timing  
of Antimicrobial Prophylaxis

Figure 1 illustrates which AM were administered 
as pre-operative, intraoperative, and postoperative 
surgical prophylaxis. Overall, procaine benzylpenicil-
lin, aminopenicillins, and combinations of these AM 
with aminoglycosides were most frequently used. Other 
administered AM included gentamicin and oxytetracy-
cline.

DISCUSSION

The results of this survey suggests that the estimated 
risks on complications are not always consistent with 
general principles and with AMU. Many respondents 
stated that these risks were similar between CS and 
LDA, similar for different environmental conditions, 
and similar between the LDA correction methods, but 
the AMU was in many cases not the same. We also 
found that postoperative treatments were always part 
of AM prophylactic use and often combined with many 
other treatments. It appeared that the respondents use 
many different AM products.

By approaching all veterinarians with a special 
membership on bovine medicine and obtaining a fair 
response rate of 30%, we think that the answers are 
representative for bovine veterinarians in the Nether-
lands. We do realize that limiting bias continues to be a 
challenge in many surveys. To address this, we specifi-
cally asked what they did during their most recent CS 
and LDA correction to limit recall bias. We think that 
this bias is in particular present when a respondent 
does not perform these interventions very frequently, 
which is to our knowledge in general not the case for 
bovine veterinarians in the Netherlands. It is possible 
that the most recently performed surgery is not repre-
sentative for most of the interventions, but we think 
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Table 3. Antimicrobial use (% in parentheses) for different techniques for the correction of left displaced 
abomasum

Technique Used antimicrobials Used no antimicrobials

Laparoscopic abomasopexy (n = 26) 11 (42) 15 (58)
Left flank laparotomy (n = 26) 23 (88) 3 (12)
Right flank laparotomy (n = 45) 42 (93) 3 (7)
Other techniques1 (n = 15) 3 (20) 12 (80)
Overall 79 (72) 31 (28)
1This includes roll and toggle, roll and suture, laparotomy on a lying cow, and laparoscopy on a lying cow.
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that this is limited by the relatively high availability 
of protocols for surgical prophylaxis. We intended to 
minimize response bias with the possibility to submit 
answers anonymously.

The need for surgical prophylaxis in human medicine 
is confined by protocols for the adequate selection of 
treatment regimens. It was previously indicated that 
the availability and compliance to protocols in vet-
erinary medicine is probably rather low (Hardefeldt et 
al., 2017a,b). The Dutch policy to reduce the number 
of AM treatments in animals may have increased the 
awareness of prudent AMU and might have attributed 
to the relatively high availability of protocols for the 
surgical prophylaxis of CS (74%) and LDA (64%) in 
our study.

We found a high frequency of prophylactic AMU for 
both CS and LDA. In CSs, 100% of the respondents 
reported the use of prophylactic AM and 72% of the 
respondents reported prophylactic AMU for LDA cor-
rections. Similar studies in Canada, Australia and Bel-
gium on the use of prophylactic AM in bovine abdomi-
nal surgeries reported comparable results (Chicoine 
et al., 2008; Hardefeldt et al., 2017a; Djebala et al., 

2019). While it could be speculated that veterinarians 
who graduated up for example 5 yr ago use more AM 
to compensate for being less skilled or less quickly in 
performing the procedure, we found that the opposite 
was true for respondents doing CS as more recently 
started veterinarians used significantly less AM. We 
speculate that the increased attention for prudent 
AMU in veterinary education influenced the behavior 
of recent graduates. Another explanation is that the 
class with 0 to 10 yr of experience also includes the 
very recently graduated veterinarians, showing less risk 
aversive behavior due to the fact that they have not 
seen many cows with severe complications yet.

We did not observe a similar effect of years in prac-
tice on AMU for LDA, but we found significantly more 
AM treatments for left and right flank laparotomies 
compared with other techniques, such as laparoscopic 
corrections and the roll and toggle method. The dif-
ferentiation in prophylaxis suggests that veterinarians 
adapt their AM strategy to the circumstances, but they 
do not closely follow the human wound classification 
system. It appears that AM prophylaxis is found more 
important for the more invasive than for the less inva-
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Figure 1. Frequency of perioperative antibiotic use for cesarean section (CS, n = 111) and surgical left displaced abomasum (LDA) correc-
tions (n = 110) by Dutch practitioners. Brown = procaine benzylpenicillin; purple = ampicillin trihydrate; blue = ampicillin sodium; yellow = 
procaine benzylpenicillin–streptomycin combinations; and orange = others.
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sive techniques, such as laparoscopic corrections and the 
roll and toggle method. This may suggest that veteri-
narians are concerned about creating and maintaining 
aseptic conditions for surgeries at the farm, because the 
less invasive techniques are characterized by a higher 
bacterial contamination from the gastro-intestinal 
tract. An observational study indicates that right flank 
pyloric omentopexy of prolonged duration in an educa-
tional environment requires more often postoperative 
antibiotic treatments than a 2-step laparoscopy guided 
abomasopexy (Roy et al., 2008). Whether in another 
setting laparoscopic abomasopexy or roll and toggle are 
procedures associated with higher or lower postopera-
tive infection risks than right flank pyloric omentopexy, 
and therefore prone to more or less AM prophylaxis, is 
an issue which is not fully addressed up till now.

Another explanation for the observed differences be-
tween the LDA techniques could be that the estimated 
physical condition of the cows selected for laparotomy 
was worse compared with those that underwent lapa-
roscopy or roll and toggle, which urged the veterinar-
ians more often to use AM prophylaxis.

The result of this questionnaire indicates that the 
actual conditions before and during the surgical pro-
cedure, such as the cleanliness of the environment, the 
cleanliness of the animal and the occurrence of com-
plications do not significantly influence the regimen 
of AM prophylaxis selected by the respondents. It is 
possible that the perceived risks on complications due 
to these conditions are quite similar and do not require 
any adjustment of the prophylaxis. On the other hand, 
it is also possible that the veterinarians are reluctant to 
take these issues into account as they are risk aversive 
or not able to quantify the impact on the risk of surgi-
cal site infections and just use the prophylaxis that is 
perceived effective under all circumstances. Increased 
attention and quantification of the risks may in that 
case result in tailored and thus a reduced use of AM, 
but we are not aware of the presence of quantitative 
tools to support the veterinarian in this task.

Although the majority of the respondents indicated 
that the risks of complications due to contaminations 
during the procedure were higher for CS than for LDA, 
we found that 37 respondents estimated that these risks 
were similar. As we found no effects of the number 
of LDA or CS interventions per year or per month, 
is it not likely that this difference in estimated risk 
is explained by experience. Also, the results indicate 
that the estimated risks of complications were found 
to be similar for the different LDA techniques, which 
contrast with the differentiated AM strategy for these 
techniques. Most LDA procedures should be classified 
as clean, whereas the contamination in others is very 
limited compared with the CS procedures, which are 

in general classified as clean-contaminated according 
to the human wound classification system. The reason 
for classifying CS procedures as clean-contaminated is 
that it is not possible to prevent at least some leakage 
of fetal fluids into the abdominal cavity. The validity 
of this classification is supported by our study on the 
risks of complications between CS and explorative lapa-
rotomy in cows (Jorritsma et al., 2018). Consequently, 
the risks of surgical complications for LDA are lower 
than for CS as it seems unlikely that in clinical practice 
the encountered clinical condition of the patients or the 
environmental conditions are worse for LDA compared 
with CS. Therefore, we think that there is room for im-
provement in surgical site infection prophylaxis in dairy 
cattle. Recognition of the necessary differentiation in 
AM prophylaxis between LDA and CS by practitioners 
should be attained, and the elsewhere reported NNT 
of 53 for LDA to prevent complication substantiates 
that it is possible to perform many LDA surgeries 
without any AM prophylaxis (Jorritsma et al., 2018). 
The question is at what (objective) NNT prophylactic 
treatment is justified, but both the NNT of 53 for LDA 
and the NNT of 29 for CS to prevent complications 
are substantially higher than the perceived NNT of the 
practitioners (Jorritsma et al., 2018). This means that 
the veterinarians seem to overestimate the need for or 
effect of AM prophylaxis.

While optimal surgical prophylaxis is achieved when 
effective concentrations of AM are present from the 
start of the procedure, the respondents in our study 
applied significantly more often the less effective post-
operative administration of AM (Haven et al., 1992; 
de Jonge et al., 2017). For optimal prophylaxis, it is 
necessary to select AM with the appropriate spectrum 
in combination with suitable pharmacodynamic and 
pharmacokinetic characteristics (Boothe and Boothe, 
2015). In case of CS, surgical contamination from the 
uterus contains a mixed population of gram-negative 
and gram-positive bacteria (Mijten et al., 1997; Mao 
et al., 2015), whereas gram-negative bacteria such as 
Prevotella spp., and Butyrivibrio spp. are primarily 
isolated from the abomasum. In general, gram-positive 
bacteria such as Streptococcus spp., Staphylococcus 
spp., and Bacillus spp. are frequently isolated from 
the skin. Other bacteria such as Trueperella pyogenes, 
Escherichia coli, and Fusobacterium necrophorum were 
cultured from peritoneal and incisional infections (Hoe-
ben et al., 1997). It seems therefore appropriate that 
many respondents selected broad-spectrum AM for sur-
gical prophylaxis, although procaine benzylpenicillin 
accounted for 20 to 50% of the chosen AM prophylaxis.

Intravenous administration of ampicillin sodium solu-
tion will reach maximum plasma concentration within 
minutes after injection, whereas this will take around 
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15 to 20 min after intramuscular administration of this 
solution (Klein et al., 1989; Fernández-Varón et al., 
2005). Even when dosed 4 times higher, intramuscular 
injections of procaine benzylpenicillin and ampicillin 
trihydrate achieved their lower maximum plasma con-
centration only after at least 3 h (Dubreuil et al., 2001; 
Credille et al., 2015).

Comparable information is available in other papers 
for benzylpenicillin in sodium or potassium salt, or as a 
procaine ester. Bengtsson et al. (1989) showed that ad-
ministration of the procaine ester in 4 times higher dos-
es than intramuscular administration of the potassium 
salt results in 30% of the serum levels, whereas another 
study demonstrated that the intramuscular administra-
tion of the potassium salt results in a maximum level 
of only 30% in comparison with the same dose adminis-
tered intravenously as the sodium salt (Hekman et al., 
1982). These differences between chemical formulations 
and routes of administration were nicely illustrated in 
pharmacokinetic modeling by Li et al. (2014).

We therefore estimate that effective prophylaxis was 
only present for the 13 of the 111 CS (12%) and the 8 
of the 79 (10%) LDA cases that used ampicillin sodium. 
The other strategies likely failed to reach effective con-
centrations at the start of the surgery and should be 
regarded as inferior.

Many respondents stated that they used intraab-
dominal or intraincisional administration of AM. We 
agree with Lyons et al. (2013) that there is no evidence 
that these routes of administration have any additional 
effect on top of pre-operative prophylaxis. It is demon-
strated that that intraabdominal administration of AM 
may cause inflammatory reactions (Klein et al., 1989). 
Also, the intraabdominal or intraincisional administra-
tion routes are usually not approved, should therefore 
require adjusted withdrawal times in many countries, 
and are therefore severely criticized (Djebala et al., 
2019). Approximately one-third of the respondents used 
a spray with AM to cover the wound. While we are not 
aware of clinical studies on cows, human studies suggest 
that topical AM change the ecological microbiota bal-
ance at the surgical site and might have more negative 
consequences for the patient than wounds that are not 
treated with AM (Romano-Bertrand et al., 2015).

CONCLUSIONS

We conclude that improvement of AM prophylaxis 
for CS and LDA surgeries is possible by appreciation 
of the risks of the type of surgery and its conditions 
in around 90% of the procedures by selecting AM and 
routes of administration that are effective at the start 
of the surgery. As the quantitative AMU and thus the 
effect on the selection of AM resistance in dairy is prob-

ably quite low, we think that this improvement would 
be the next step toward the prudent use of antibiotics 
in the dairy industry. We found it encouraging that 
recently graduated respondents were more restrictive 
in the use of AM.
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