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Abstract 
The aim of this of this experimental study to investigate the effect of 3 volun-
tary waiting periods (VWP) on health of dairy cows. A total of 100 lactations 
of 100 Holstein Friesian cows with high milk production (average 9.442 ± 620 
kg) were randomly (based on the ear tags digits of cows) distributed to 1 to 3 
experimental groups with VWP of 50 (VWPG50; n = 32), 100 (VWPG100; n 
= 34) or 150 days (VWPG150; n = 34). Observations relating to diseases of 
the cows were made by the farm veterinarian and research personnel. Were 
defined eight disease: puerperal fever, retained fetal membranes, displaced 
abomasum, metritis, clinical ketosis, clinical mastitis, ovarian cysts, and claw 
diseases. The experimental days (ED) were from 4 days in milk (DIM) to 100 
days after the next calving. The experiment was managed at Dairy Research 
Farm Șimnic-Craiova January 2018 to December 2022. A clear set of clinical 
signs were used to define a case at the diseases without the need for laborato-
ry confirmation. Values of Lactational incidence risk (LIR) median postpar-
tum days at diagnosis and pairwise comparison of proportion between VWPs 
were calculated. LIR for puerperal fiver, retained fetal membranes, displaced 
abomasum, clinical ketosis, clinical mastitis, ovarian cysts and claw disease 
were 4; 5; 2; 8; 8; and 4% respectively. Numerically, cows with VWP of 100 
and150 days had more disease cases compared with VWP of 50 days. The 
differences between experimental groups of cows regarding proportions of 
cows with disease cases were not statistically significant. Any of the eight dis-
orders reported in this study was analyzed independently to other health 
problems. For all enrolled cows (n = 100) VWP was extended until 100 or 150 
days postpartum with no effect on the lactational incidence risk for the eight 
disorders analyzed. 
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1. Introduction 

The Voluntary Waiting Period (VWP) is the interval after parturition in which 
the cows are not inseminated, even if they are seen in estrus. Traditionally, far-
mers were advised for one year calving interval (CI) for this cows, to realize one 
calf per cow per year, a yearly peak in milk yield, and to maximize milk income 
[1]. Around calving the cows face with multiple transitions, like drying off, calv-
ing itself, and the start of the start of the next lactation. All calving cows face 
these transitions every year.  

The high-yielding cows in a one-year CI frequently have milk yields above 18 
kg per day at the time of dry-off, which is a risk factor for intramammary infec-
tions in the dry off period and at calving [2] [3].   

After parturition the uterus needs time to involute, and eliminate any placen-
tal residues or infection. Also, after calving the cows moves through the period 
of negative energy balance. 

Purposely extending the lactation length by extending VWP for first insemi-
nation reduces the frequency of these challenging events. 

Early lactation after calving is described as a moment of great importance for 
infection of the mammary glands. Also, during early lactation dairy cows expe-
rience a negative energy balance (NEB) because feed intake is inadequate to 
meet nutrient demands for milk production. Body reserves are mobilized which 
results in increased plasma non-esterified fatty acid (NEFA), β-hydroxybutyrate 
(BHBA), and liver triacylglycerol (TAG) concentrations. This metabolic changes 
are associated with impaired fertility. About two of reproductive disorders are 
encountered in the first month postpartum [4].   

Recent changes in management of dairy herds may allow the length of the 
VWP to be modelated. Extending the length of the VWP may allow more time 
to recover the uterine health [5] [6] [7], for ameliorated immune status or more 
time to resolving the inflammatory processes after calving [8] [9]. A prolonged 
VWP may offer sufficient time to get back reproductive hormone secretion 
normal levels and a metabolic status that stimulates resumption of ovarian cyc-
licity [10] [11].   

Postpartum uterine involution has many aspects that are interrelated (recov-
ery of this uterus, degeneration of the myometrium, and regeneration of the en-
dometrium) [12]. After parturition the uterus gradually restores to its normal 
size (pre-pregnancy size) by the contraction of the uterine muscles and the dis-
charge of the uterine content [13]. The recovery time of the postpartum preg-
nant uterine horn is 25 days [12] and 30.1 ± 3.8 days in first calving cows and 30 
± 4.3 days in third—calving cows [14]. Zhang et al., (2010) [15] indicated that 
diameter of the uterine horn tended to level off at day 25 postpartum in multi-
parous Chinese Holstein cows.  

After fourth week, any damaged endometrial tissue regenerates, a wave of 
ovarian follicles develop, a dominant follicle is selected and estradiol secretion 
leads to ovulation and formation of a corpus luteum. The genital tract after six 
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weeks after calving should be capable of establishing the next pregnancy. But, 
about 50% of dairy cows have irregular ovarian cycles during the postpartum 
period and cows with abnormal vaginal discharge are more likely than normal 
cows to have delayed resumption of ovarian cycles after calving, or prolonged 
postpartum luteal phases [16]. Some research reports suggest how uterine dis-
eases may disrupt endocrine signaling, oocyte, follicle and embryo development, 
and the uterine environment [17] [18] [19] [20] [21]. 

Extending the VWP is a strategy to reduce the frequency of calvings, and so to 
reduce the risk for diseases per unit of time [22]. Also an extended VWP could 
be connected with metabolic status and energy partitioning in dairy cows during 
different phases in lactation, if lactation is extended insemination of the cow 
takes place later in lactation (when milk yield is decreased). Also, insulin and 
insulin-like growth factor 1 (IGF-1) can be increased and reproductive perfor-
mances can be ameliorated [23] [24]. Some authors reported that cows with ex-
tended lactation had more persistent lactation curves [25] [26], a lower milk 
production and increased body condition score (BCS) at the end of lactation 
[25] [26]. All of this aspects indicate a difference in energy partitioning between 
milk and body reserves in dairy cows. Some cows are more prone to partition 
energy toward milk production rather than toward body reserves [27] [25]. Ma-
rett et al., (2019) [28] reported that cows with a high milk production at 450 days 
in mil (18.9 kg/day) had a tendency for more lipid mobilization around 460 days 
in milk (DIM) and around 580 DIM compared with cows with 12.3 kg/day.  

In spite of the possible benefits of extended VWP on reproductive perfor-
mance, the consequence of this strategy on overall dairy herd performance has 
not been completely explicated. Extended lactations by extending VWP is a milk 
production system by which cows are handling for increased milk persistency 
and rebreeding at 18 months instead of 12 months [29]. Currently the average 
productive life time is around 3.0 lactations. In each lactation there is an accu-
mulation of health disorders in the period between parturition and peak lacta-
tion. Using a 2 x 18 months lactation cycles, the health disorders would decrease 
by one-third. Also, the reduction of number of lactation cycles may reduce the 
number of surplus calves and labor at drying off, parturition and disorder treat-
ments. 

Extending lactations by extending VWP would increase calving [29] [30]. 
Calving interval (CI) was the classic parameter for monitoring the status of pro-
ductive, reproductive or health programs in dairy cows. One year CI was rec-
ommended, but in reality CI surpass 1 year [1]. 

The overall impact of extended lactation on milk production would therefore 
be best expressed as milk yield per day of calving interval (MY/CI) [27]. 

For the longer CI MY/CI will only increase with extended lactations if milk 
yield level relative to peak yield is adequately maintained, and this is more fre-
quently in case for moderate compared with extreme extensions of the VWP, 
and more for primiparous cows compared with multiparous cows [25] [26]. 

Limited reports were published regarding disease incidence of dairy cows with 
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extended lactations. Burgers et al., 2022, [31] reported no effect of VWP on dis-
ease treatments but per year the number of disease treatments were lower for 
extended VWP to 125 and 200 days. 

There are a range of diseases affecting dairy cows with different impact on 
health and welfare. 

The suboptimal health of dairy cows after parturition, negative energy balance 
and immune suppression occur concurrently leaving cows receptive to infec-
tions and metabolic disorders [32]. 

Deliberately extending the lactation duration by extending the VWP, reduces 
the frequency of challenging events [1]. 

The aim of this experimental study was to investigate the effects of 3 VWPs 
(50, 100 and 150 days) on health of Holstein Friesian dairy cows.      

2. Materials and methods 

Animals and management 
Dairy cows enrolled in this experiment were located at Agricultural Research 

and Development Station (ARDS) Șimnic-Craiova, SW Romania (182 m above 
sea level, 44˚19’N, 23˚48’E). 

The experiment was performed in compliance with European Union Directive 
86/609/Ec. and National legislation on Holstein Friesian dairy cows with high- 
milk-production. The experiment was managed at Dairy Research farm 
(Șimnic-Craiova) between January 2018 and December 2022. All cows were 
chosen using the following criteria: good general health status, no twin preg-
nancy, no clinical mastitis or SCC > 250000 of the final 2 milk test days prior to 
dry-off. The experimental days (ED) were from 40 DIM after calving to 100 days 
after the next calving. 

The culled cows were observed until the cows were culled. Nutritional and 
management strategies for dairy cows were used to prepare the animals for lac-
tation and to minimize the incidence of disease disorders after calving. 

Pregnant cows are dried-off 50 ± 10 days before the expected calving date, and 
are moved in a dry-pens (for multiparous) after last milking, and pregnant hei-
fers are moved in a separate pens (for heifers). All pregnant animals are grouped 
as far-off dry (from 50 to 22 days prior expected calving date), close-up dry 
(from 21 to 0 days prior expected calving date), and fresh (from 0 to 21 days af-
ter calving date). For the far-off period multiparous cows are fed a low energy 
diet (14% starch and 46% forage NDF) or a higher energy diet (>14% starch if 
cows are in poor condition, BCS less than 2.5). For the close-up period multi-
parous cows are fed a higher – forage NDF (≥46% forage NDF), and for the fresh 
period multiparous cows are fed higher–starch diet (27% starch). Similar to 
multiparous cows the pregnant heifers are fed a low energy for-off diet, high-
er-forage NDF close-up and higher-starch fresh diet. Optimal Dietary Cation 
Anion Difference (DCAD) o prepartum diets is –5 mEq/100 g of feed Dry Mater 
(DM) and lactating diets is 27 mEq/100 g of feed DM. 
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The aim of nutritional strategies is to minimize the excessive prevalence of 
elevated βeta-Hydroxybutyrate concentrations, maximize reproductive perfor-
mance, and to reduce disorder incidence in early postpartum period.     

Forage, a small amount of concentrate and a trace of mineral salts constituted 
the dry cows ration using early dry-off period. 

Subsequently a close up ration was fed which provides additional nutrients. At 
3 weeks before expected calving date the cows were moved into the close-up pen, 
where farm workers or research personnel monitor the calving process and 
postpartum (PP) events. 

After calving the feed rations were calculated to provide recommended nu-
trients for lactating cows. All necessary feeds consisting of corn silage, haylage, 
chopped green alfalfa, fodder beet and grains are produced locally. The concen-
trate feeding levels increased gradual at 1 kg/day at calving to 9-10 kg/day from 
21 DIM to 100 DIM of each cow. After 100 DIM concentrate feeding levels de-
creased to suit diminution in milk production (on last 7 days calculations). Ad-
ditionally, all cows have access to pasture (alfalfa or ryegrass). The lactating cows 
were milked two times a day (05:00 a.m. and 17:00 p.m.) in a classic DeLaval 
milking system and were housed free in barns bedded with straw. Cows have ad 
libitum access to fresh water.    

Experimental design 
For this experiment a total of 100 cows were enrolled (30 primiparous and 70 

multiparous cows) and were randomly (based on the tags digits of cows) distri-
buted to 1 of the 3 experimental groups with a voluntary waiting period (VWP) 
of 50 (VWPG50; n = 32), 100 (VWPG100; n = 34) or 150 days (VWPG150; n = 
34).  

 We eliminated all cows with twin pregnancy because twin pregnancies are 
the main non-infectious factors compromising pregnancy maintenance within 
the first 90 days of gestation [33] [34] [35]. Also cows with clinical mastitis or 
Somatic cell count (SCC) > 250.0000 prior to dry off were eliminated because 
this cows are more prone to ketosis or other periparturient diseases as metritis, 
retained placenta or lameness after parturition [36].  

Observation relating to diseases of the cows post calving were made by the 
farm veterinarian and research personnel. Cows were observed for: retained fetal 
membranes (RFM); metritis; ovarian cysts (OC), clinical mastitis; claw disease 
(CD); milk fever (MF); ketosis; and displaced abomasum (DA). For all eight dis-
orders, a clear set of clinical signs were used to define a case of the disease. The 
RFM was characterized by presence of fetal membranes more than 12 hour after 
calving. 

Metritis was characterized by enlarged uterus with fetid watery red-brown va-
ginal discharge and with a rectal temperature ≥ 39.5°C.  

Ovarian cysts are characterized as structures greater than 2.5 cm in diameter 
remaining on an ovary for more than 10 days. Major category of cysts include 
follicular cysts, luteinized follicular cysts and cystic corpora luteal.  

Clinical mastitis was characterized by the presence by the presence of abnor-
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mal milk or by signs of inflammation in 1 or more quarters. 
Cows walked with arched back and had short strides in 1 or more legs were 

characterized with claw disease (laminitis = disorder of the corium of claws).  
Milk fever or hypocalcemia is a calcium deficiency. The clinical signs of MF 

are divided into three stages: in stage 1 cows are mobile but show signs of 
hypersensitivity and excitability such as restlessness, tremor, ear twitching, heat 
bobbing and mild ataxia. If not treated, symptoms progress to stage 2: cow 
present sternal recumbency, tachycardia, and smoot muscle paralysis, and cows 
often tuck their heads into their flanks. In stage 3 cows present lateral recum-
bency, muscle flaccidity, unresponsiveness to stimuli and loss of consciousness 
progressing to coma. Ketosis is an elevated concentration of ketone bodies (ace-
tone, acetoacetate and beta hydroxybutyrate—BHB) in all body fluids. Dipstick 
tests that measure acetoacetate and acetone concentrations in urine are reasona-
bly accurate when interpreted within 5-10 seconds. Milk dipstick tests that 
measure BHB concentration are also reasonably accurate and take 1-2 minutes 
to react. 

These dipsticks are read by observation of a particular color change and are 
semi quantitative. For this experiment we used a dipstick containing the salt ni-
troprusside which becomes pink in the presence of acetoacetate. Tests were per-
formed as described aby the manufacturer on urination induced by manual sti-
mulation of the area below the vulva. The results are expressed in five categories: 
(1) negative (0 mg/dl); (2) trace (5 mg/dl); (3) small (15 mg/dl); (4) moderate (40 
mg/dl); (5) large (greater than 80 mg/dl) of acetoacetate. 

Using the categories 2 [trace (5 mg/dl)]; 3 [small (15 mg/dl)]; 4 [moderate (40 
mg/dl)] and 5 [large (greater than 80 mg/dl)] to diagnose subclinical ketosis and 
clinical ketosis have good sensitivity (88%) and specificity (95%) [37]. 

Clinical signs for displaced abomasum (DA) (Left DA and Right DA) and 
abomasal volvulus include anorexia and decreased milk production.  

The most important diagnostic finding is a ping upon simultaneous percus-
sion and auscultation of the abdomen, in the area marked by a line from the tu-
ber coxae to the point of elbow, and from the elbow toward the stifle on both 
sides of the cow. The ping associated with LDA is most commonly located in an 
area between ribs 9 and 13 in the middle to upper third of the left abdomen and 
for RDA is most commonly in the area between ribs 10 and 13 on the right ab-
domen. 

Statistical analysis 
All data were entered into Microsoft Excel Computer Program 2007 and were 

statistically evaluated. Value as lactational incidence risk (LIR), and median 
postpartum days at diagnosis were calculated for all, primiparous and multipar-
ous cows and for experimental groups (VWPG50; VWPG100, and VWPG150). 

All P-values of pair vise comparations of the 3 experimental VWPs also were 
calculated. 

Odds ratio were calculated using MedCalc Software Ltd (version 22.023) [38]. 
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3. Results 

A total of 41% of cows (primiparous + multiparous cows) had postpartum dis-
orders and the lactational incidence risk of puerperal fever, retained fetal mem-
branes, displaced abomasum, metritis, clinical ketosis, clinical mastitis, ovarian 
cysts and claw disease were: 4; 5; 2; 8; 2; 8; 8; and 4% respectively (Table 1). 

Some diseases such as clinical ketosis and claw disease were not diagnosed in 
VWP Group 50 and in VWP Group 100 cows respectively (Table 2).   

 
Table 1. Lactational incidence risks (LIR) and median days in milk for the eight disorders 
after calving. 

Disorder2 LIR, all 
LIR  

primiparous 
LIR  

multiparous 
Median 
DIM at  

diagnosis n % n % n % 
1. Puerperal fever 4 4 1 3.3 3 4.3 1 
2. Retained fetal mem-
branes 

5 5 1 3.3 4 5.7 1 

3. Displaced abomasum 2 2 - - 2 2.8 20 
4. Metritis 8 8 3 10 5 7.1 24 
5. Clinical ketosis 2 2 1 3.3 1 1.4 28 
6. Clinical mastitis 8 8 3 10 5 7.1 52 
7. Ovarian cysts 8 8 2 6.7 6 8.7 60 
8. Claw diseases 4 4 - - 4 5.7 78 

Total 1 41 11 36.6 30 42.8 33 

 
Table 2. Disease numbers for the 3 experimental groups with a voluntary waiting period 
of 50, 100 and 150 days. 

 
VWPG50 VWPG100 VWPG150 Total 
n % n % n % n % 

Number of cows 32 32 34 34 34 34 100 100 
Puerperal fever 1 3.1 2 5.9 1 2.9 4 4 
Retained fetal  
membranes 

1 3.1 2 5.9 2 5.9 5 5 

Displaced abomasum 1 3.1 1 2.9 - - 2 2 
Metritis 2 6.2 3 8.8 3 8.8 8 8 

Clinical ketosis - - 1 2.9 1 3 2 2 
Mastitis 3 9.4 2 5.9 3 8.8 8 8 

Ovarian cysts 2 6.2 3 8.8 3 8.8 8 8 
Claw disease 1 3.1 - - 3 8.8 4 4 

Total number of  
cases (%) 

11 34.4 14 41.1 16 47 41 41 

 
Table 3. Comparison of proportions (expressed as percentage) of total number of cases 
between the experimental groups of cows with a VWP of 50, 100 and 150 days, an odds 
ratios for associations among VWP Groups. 

 
VWPG*50 versus 

VWPG100 
VWPG50 vs. 
VWPG150 

VWPG100 vs. 

VWPG150 
1. Difference % 6.7 12.6 5.9 

95% confidence interval −16 to 28.4 −10.7 to 33.9 −16.8 to 27.8 
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Continued  

Chi-squared 0.310 1.066 0.237 
Degree of freedom 1 1 1 
Significance level P = 0.5578 P = 0.3018 P = 0.6267 

2. Odds ratio 1.3364 1.6970 1.2698 
95% confidence interval 0.492 to 3.630 0.629 to 4.580 0.486 to 3.314 

Significance level P = 0.5696 P = 0.2965 P = 0.6254 
*VWPG = voluntary waiting period group. 

 
We found lower LIR values of displaced abomasum, and clinical ketosis 

probably as a result of good health service and production management. 
Fleischer et al., 2001, [39] reported LIR values for displaced abomasum and clin-
ical ketosis of 1.1% and 1.7% respectively. 

Higher LIR values in this study were found for metritis, mastitis and ovarian 
cysts (Table 1). Intermediate LIR values were found for puerperal fever, claw 
disease and retained fetal membranes (Table 1). 

Numerically, cows with extended VWP of 100 and 150 days had more disease 
cases compared with cows with extended VWP of 50 days (14 and 16 cases ver-
sus 11 cases). 

Comparison of proportions, expressed as percentage of disease cases from 
each experimental group revealed that differences were not statistically signifi-
cant. 

Also odds ratio were calculated to see if odds in extended VWPG 100 or ex-
tended VWPG 150 are significantly higher than VWPG 50. 

P-values were > 0.05 and we concluded that the odds ratio was not signifi-
cantly different from1 and that the odds in VWPG 100 and in VWPG 150 were 
not higher than in VWPG 50 (Table 3). 

4. Discussion  

The lactational incidence risk of diseases in dairy cows and their detrimental ef-
fects are accepted [40] [41]. Reproductive disorders (RFM, Metritis and Ovarian 
cysts) were found in 21% of all 100 cows enrolled in this, and a higher incidence 
was in multiparous cows (15%), compared with primiparous cows (6%) (Table 1). 

Metabolic disorders (puerperal fever, DA, clinical ketosis, and claw disease). 
Were found in 12% of all 100 cows and a higher incidence was in multiparous 
cow (14.2%) compared with primiparous cows (6.6%) (Table 1). Mastitis was 
found in 8% of all 100 cows enrolled in this study (Table 1); 10% in primiparous 
cows and 7.1 in multiparous cows. 

The overall incidence of reproductive disorders found in this study 21% was 
in accordance with the result (21.6%) reported by Carvalho et al., (2019) [42]. 
Also they reported higher values for mastitis 15.3% and for lameness 10.5% 
compared with our results of 8% for mastitis and of 4% for lameness. 

Metabolic problems derive from difficulties cows have to adapt to large varia-
tions and disturbances occurring outside and inside the organism. Carvalho et 
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al., (2019) [43] showed that consequences of postpartum clinical disease are not 
limited to the period of clinical illness but are extended to period after the clini-
cal resolution of the disease, and the long term consequences of disease are more 
difficult to be measured. 

Increasing VWP until 100 days affected the number of disorder cases (11 cases 
vs. 14 cases) but the difference between proportions expressed as percentage was 
not statistically significant. 

When extending VWP further, until 150 days, numerically disorder cases in-
creased from 14 to 16 cases, but the differences were not statistically significant. 
Also odds ratios in extended VWPG 100 or VWPG 150 were not significantly 
higher than VWPG 50. 

Infection diseases such as metritis and mastitis are a common polymicrobial 
diseases after parturition and cumulative incidence ranges from 10% to 25% and 
from 5% to 75% respectively, of cows in the lactation period. In this study we 
found 8% metritis cases and 8% mastitis cases, and median DIM at diagnosis 
was 28 and 52 respectively. 

There is evidence that the high-grain diets after calving are associated with the 
release of high amounts of endotoxin in rumen fluid [36]. If infected, the mam-
mary gland and uterus additionally are important source of endotoxin. The en-
dotoxin translocated from rumen, uterus or mammary gland into the systemic 
blood circulation trigger chronic low-grade inflammatory conditions associated 
with multiple disease (mastitis, RFM, metritis, laminitis, DA, milk fever, fatty 
liver, and downer cow syndrome). Endotoxin include membrane components 
deriving from Gram-negative and Gram-positive bacteria including Lipopoly-
saccharide (LPS) and Lipoteichoic Acid (LTA). Data reported by Eckel an Ame-
taj (2020) [36] showed that cows treated with a combination of LPS and ATA 
both orally and subcutaneously had 60% lower clinical cases of mastitis, 12% 
lower clinical cases of endometritis, 8% lower cases of udder edema, 33% lower 
number of dead cows, and the number of healthy cows in the treatment group 
was 150% higher than the control group of cows.  

Some of the disorders occurring in the early lactation such as Puerperal fever 
or Retained Fetal membranes, increase the risk of diseases later during the cur-
rent and following lactation. Fleischer et al., 2001, [39] reported that dairy cows 
suffering from puerperal fever were at 1.4 (1.1 - 1.7) and 1.7 (1.3 - 2.2) signifi-
cantly (P ≤ 0.05) greater risk of suffering from metritis and clinical mastitis, re-
spectively in the current lactation. Also, Retained Fetal Membranes was signifi-
cantly (P ≤ 0.05) associated with 3.0 (2.6 - 3.5) times higher lactational incidence 
risk of metritis, which was a significant (P ≤ 0.05) risk factor for ovarian cysts. 
These associations support the idea that health problems in dairy cows tend to 
occur as a complex (health disorder complexes) and this means that once a dis-
order was diagnosed, the farmer or the veterinarian would observe the cow more 
closely for other diseases [43]. We did not analyze some of this associations 
within the framework of our study because more data is necessary.       
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5. Conclusions 

For all enrolled cows (n = 100); VWP was extended until 100 or 150 days post-
partum with no effect on the lactational incidence risk for eight disorders ana-
lyzed. 

Any of the eight disorders reported in this study was analyzed independently 
of other health problems. 

A customized strategy based on individual cow characteristics is a future ap-
proach to select suitable cows for an extended lactation by extending VWP in 
modern dairy farming. 

Data from this experiment highlight the importance of considering lactational 
incidence risks for postpartum disease when defining VWP duration for lactat-
ing dairy cows. 
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