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 תקציר העבודה

קטוזיס והיסט קיבה על , דלקת רחם ראשונית, עצירת שליה, קדחת חלב,   השפעת וולד מת בהמלטה

הפרות ,  המלטת וולד יחיד2003 ודצמבר 2002 פרות חלב שהמליטו בין יוני 17,748החלב נבחנה ב תנובת 

 רופאים קבועים של החקלאית אשר היה מידע לגבי הרגלי האבחון 13- משקים וקבלו שרות מ39-היו מ

 תחלובה שניה ותחלובה שלישית ומעלה נותחו בנפרד, מבכירות. והטיפול במחלות ההמלטה על ידם

גורמים . מחלות ההמלטה נותחו הן כארועים בודדים והן במשותף במודל מצטבר. במודלים מעורבים

 Autoregressive(אקראיים במודלים השונים היו הקשרים בין שקילות החלב החודשיות של אותה הפרה 

correlation structure ( והקשרים בין הפרות השייכות למשק מסוים)Variance component correlation 

structure .(תאים סומטים ואינדקסים המשייכים את הזמן , עונת ההמלטה, המרחק מההמלטה בשבועות

 .מההמלטה לתאריך שקילת החלב ומציאות אחת ממחלות ההמלטה היו גורמים קבועים במודל

ותחה כל במודלים בו נ, ג חלב לתחלובה"בק(  הפסדי חלב מובהקים סוכמו לאורך הזמן המתאים ונמצאו 

 149- ו87, 156,  לעצירת שליה302- ו232, 172,   להמלטת וולד מת198- ו516, 400): מחלת המלטה בנפרד

תחלובה שניה , מבכירות( להיסט קיבה 1256- ו1944, 674,  לקטוזיס235-ו, 152, 96. לדלקת רחם ראשונית

ג לתחלובה שלישית " ק142הפסד החלב בגין קדחת חלב הוערך ב ). ותחלובה שלישית ומעלה בהתאמה

 .ומעלה

 3-4- שעות יחסית ל48תוך (  לא נמצא קשר מובהק בין הזמן מההמלטה לטיפול הראשון בעצירת שליה 

סוג האנטיביוטיקה בטיפול התוך , ) כללן מתון לעומת ללא ניסיוןניסיו( להוציא את השליה ןהניסיו, )ימים

או הזמן ) כן לעומת לא(טרדיול בנוסף לטיפול התוך רחמי הזרקת אס, )טטרציקלין לעומת ריפקסימין(רחמי 

 .לבין תנובת החלב של פרות שסבלו מעצירת שליה)  ימים לעומת שבוע3-4(לטיפולים עוקבים 

סוג , )רקטלית לעומת וגינלית(  לא נמצא קשר מובהק בין שיטת האבחון של דלקת רחם ראשונית 

הזרקת פרוסטגלנדין בנוסף לטיפול , )ן לעומת ריפקסימיןטטרציקלי(האנטיביוטיקה בטיפול התוך רחמי 

לבין תנובת החלב של פרות )  ימים לעומת שבוע3-4(או הזמן לטיפולים עוקבים ) כן לעומת לא(התוך רחמי 

 .שסבלו מדלקת רחם
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Abstract: 

The effects of stillbirth, milk fever, retained placenta, primary metritis, ketosis and displaced 

abomasum on milk yield were studied in 17,748 Israeli Holstein cows that calved between June 

2002 and December 2003. The cows were from 39 herds and served by 13 vets with known 

diagnosis and treatment methodology. Separate mixed models were fitted for parities 1, 2 and 3 

and above. Diseases were modeled separately and as additive effects. An autoregressive 

correlation structure was used to account for monthly test day milk yields from the same cow 

and a variance component correlation structure was used to account for cows within the same 

herd. Index categories were created to relate the time of disease occurrence to the test dates and 

to capture the short-term effects of the diseases on milk yield. Significant milk losses were 

summed over their time intervals and were found to be (in Kg per affected cow, diseases 

separately modeled): 400, 516 and 198 for stillbirth, 172, 232 and 302 for retained placenta, 156, 

87 and 149 for primary metritis, 96, 152 and 235 for ketosis, and 674, 1944 and 1256 for 

displaced abomasum (parity 1, parity 2 and parity 3+, respectively). Milk losses from milk fever 

were estimated to be 142 Kg for cows of parity 3+. No associations were found between the time 

to the first treatment of retained placenta (48 hours vs. 3-4 days), the attempt to release the 

placenta (gentle attempt vs. none), local antibiotics used (Tetracycline vs. Rifaximin), the use of 

Estradiol benzoate in addition to local treatment (yes vs. no) or the time to follow-up treatments 

(3-4 days vs. weekly), and the milk yield of retained placenta affected cows. No significant 

associations were found between the method of diagnosing primary metritis at 6-12 days post 

partum (rectal palpation vs. vaginal examination), local antibiotics used (Tetracycline vs. 

Rifaximin), the use of PG2α in addition to local antibiotics (yes vs. no) or the time to follow-up 

treatments (3-4 days vs. weekly) and the milk yield of primary metritis affected cows. 

 

 

Introduction: 

Calving diseases are of great concern to dairy producers worldwide. The estimation of the effects 

of these diseases on milk production, fertility and survival is of great importance to assess cost-

benefits of diagnosis, treatments and prevention efforts. Numerous estimations exist in the 



 

 

literature. These estimations have thus far faced some problems that we hope to overcome in this 

paper:  

1. Only “clinical” cases were evaluated: besides small trials in research farms, only cows 

that the farmer presented to the veterinary practitioners were recorded as sick. This can 

produces a bias of unknown quantity and even direction (4, 12,13,14). 

2. Appropriate statistical procedures for estimating temporary effects of diseases were not 

available until recently (4). 

3. Lack of broad spectrum estimations in high production (average production per cow > 

10,000 Kg milk) herds: as the phenotypic milk production is reaching levels of 15,000 kg 

milk per 305 days, the effect of any disease on production is expected to be higher than in 

low producing cows (1,14). 

To overcome these obstacles we used data from the Israeli Holstein Herd book: 

Although small (100,000 cows), the Israeli Holstein Herd book has some unique features: 100% 

of the “communal” (mostly “Kibbutz”) dairy herd (about 300 cows per farm) and 100% of the 

cows on these farms are in the herd book. The average annual milk yield in these farms is very 

high (about 11,000 Kg/cow/year). Secondly, the herd book includes calving diseases data of high 

quality, because these farms are served by the same veterinary service organization 

(“Hachaklait”) that operates as a health insurance company. As an integral part of the service, 

each cow is routinely checked 6-12 days after calving. Although these routine checks are strictly 

enforced, there is no enforcement of unified diagnosis methods of uterine diseases (eg. rectal vs. 

vaginal approach) or treatment methodology. All diagnoses are recorded using the same 

definitions and coding schemes and entered into the same herd management program (“NOA”, 

Israeli Cattle Breeder Association). As these data are in constant usage in herd health programs, 

their quality is subject to regular evaluation (9).  

 

 

Materials and methods: 

 

Dataset: Since our objectives included the evaluation of various uterine diseases diagnosis and 

treatment protocols, we took a sub sample from the herd book according to the following 

criteria: 

1. The farm had to be served by the same veterinary practitioner for the whole study. 

2. The methodology of the practitioner had to be constant and known. 



 

 

3. The local practitioner had to work in at least three large farms. If he served more than 

three, we randomly chose three of them. 

This resulted in a dataset of 17,748 lactations of cows that calved between June 2002 and 

December 2003, from 39 farms (served by 13 vets) from various geographic and weather 

conditions.  

 

Definitions of diseases: 

Stillbirth:  Calves that are either born dead, or die within 24 hours of calving as the result of 

calving. We use the term “stillbirth” rather than “dystocia”, because dystocia is usually badly 

recorded and describes different entities in various farms. It should be remembered that the two 

terms are not synonymous, and at times are not associated. 

Milk fever: Clinical hypocalcaemia before, during or after calving. 

Retained placenta: Any placenta retained longer than 18 hours after calving (recorded by the 

farmer, even if the placenta was expelled before veterinary treatment). 

Primary metritis: (Not associated with retained placenta). Diagnosed in the routine examination 5 

to 12 days postpartum. 

Ketosis: Cows with ketonuria in concentrations of  >1.5 mmol/l, usually first detected at the 

routine examination 5 to 12 days postpartum. The policy is to check all calving cows for ketosis 

only in problematic (metabolic) herds and for definite periods. Otherwise only cows with high 

risk for the disease are examined for ketonuria (usually about a third of the cows). 

Displaced abomasum: Any left or right displacement of the abomasum diagnosed in the first 

month after calving. 

 

Diagnosis and treatment methodology: A questionnaire addressing issues from the way of 

cleaning the vulva before vaginal examination to treatment protocols and timing of follow-up 

treatments was filled out by the local vet. In the analysis we usually dichotomized the answers. 

The parameters investigated for retained placenta approaches were: 1. time of first intervention 

(within 48 hours vs. 3-4 days), 2. attempt to remove the placenta (slight attempt vs. none), 3. 

type of local antibiotics used (Tetracycline vs. Rifamicine), 4. support of local treatment with 

Estradiol benzoate injection (yes vs. no) and 5. timing of follow-up treatments (3-4 days vs. 

weekly treatments). The parameter investigated for (endo)metritis approaches were: 1. 

examination method (vaginal vs. rectal), 2. type of local antibiotics used (Tetracycline vs. 

Rifamicine), 3. support of local treatment with prostaglandin injection (yes vs. no) and 4. timing 

of follow-up treatments (3-4 days vs. weekly treatments). 



 

 

Statistical analysis: Since our observations are both correlated in time (monthly measurements 

of the same cow) and space (farms), a mixed model was fitted to the data. 

The mixed model generalizes the standard linear model as follows:  

              y= X β + Z γ + ε 

Here, β is an unknown vector of fixed-effect parameters with known design matrix X,  γ is an 

unknown vector of random-effects parameters with known design matrix Z, and ε is an 

unknown random error vector whose elements are no longer required to be independent and 

homogeneous. γ and ε are Gaussian random variables that are uncorrelated and have 

expectations 0 and variances G and R, respectively. The variance of y is: V = ZGZ’ + R  (When 

R=σ2I and Z = 0, the mixed model reduces to the standard linear model).  

Fixed effects in our models were stage in the lactation (weeks after calving), season of milk 

measurements (3 levels), log of somatic cell count (to account for differences in udder health) 

and the disease index (0-14 days in lactation and disease present, 15-28 days and so forth). 

Correlations between repeated measurements within cow were modeled using the autoregressive 

correlation structure (in the R matrix) and the correlations between cows on the same farm were 

modeled using the variance component correlation structure (in the Z matrix). 

Parities 1, 2 and 3+ were separately modeled to account for the different shape of the lactation 

curves. The various calving diseases were modeled simultaneously (additive model) and 

separately (compared one by one to healthy cows).   

 

 

Results: 

Table 1. list the various lactational incidence risks.  

Table 1 Lactational incidence risk (percentage) of the 17,748 cows in the study.  

 

Parity Cows, 

number 

Stillbirth  Milk 

fever 

Retained 

placenta 

Primary 

metritis 

Ketosis LDA Any 

1 6570 7.2 0.0 8.4 33.8 5.6 0.2 47.0 

2 4409 4.0 0.1 7.1 19.4 7.9 0.4 32.8 

3+ 6769 3.4 2.6 10.2 19.5 12.7 1.1 39.7 

 



 

 

Tables 2 and 3 lists the parameter estimates along with their respective standard errors and p 

values of the disease indexes regarding stillbirth, retained placenta, primary metritis and ketosis 

of first lactation cows (Table 1) and third and higher lactation cows (table 3). The estimates for 

second lactation cows, for milk fever and DA cows and the parameter estimates from the 

diseases modeled separately are not listed here for the sake of clarity.  

 

Table 2: Effect of Stillbirth, Retained placenta, Primary metritis and Ketosis on milk yield of 

first lactation cows from the additive model (n=6570 from 39 farms). 

 
 
 

Table 3: Effects of Stillbirth, Retained placenta, Primary metritis and Ketosis on milk yield of 

third and higher lactation cows from the additive model (n=6769 from 39 farms). 

 

 
 
Table 4. list the milk losses associated with milk fever for parity 3+. 

Parity 3+
Time after 
calving (d) Estimate SE p Estimate SE p Estimate SE p Estimate SE p
<=14 -3.39 0.82 <.0001 -5.45 0.50 <.0001 -4.12 0.36 <.0001 -1.65 0.44 0.0002
15-28 -4.06 0.67 <.0001 -3.64 0.40 <.0001 -1.78 0.30 <.0001 -2.62 0.36 <.0001
29-42 -1.90 0.62 0.002 -1.96 0.38 <.0001 -1.03 0.29 0.0005 -2.78 0.35 <.0001
43-56 -1.07 0.63 0.0893 -1.49 0.37 <.0001 -0.64 0.28 0.0222 -1.42 0.35 <.0001
57-70 -1.03 0.57 0.0703 -1.30 0.37 0.0004 -0.08 0.28 0.7865 -1.20 0.33 0.0002
71-91 -0.96 0.53 0.0705 -0.78 0.33 0.0171 0.12 0.25 0.6388 -1.17 0.30 <.0001
92-112 -0.68 0.53 0.2013 -0.74 0.33 0.0255 -0.19 0.25 0.4449 -0.76 0.30 0.0123
113-140 -1.12 0.49 0.0226 -0.52 0.30 0.0852 0.01 0.23 0.9809 -0.70 0.28 0.0118
141-175 -0.46 0.46 0.3157 -0.44 0.29 0.1268 0.30 0.22 0.1728 -0.44 0.27 0.0947
>=176 -0.53 0.41 0.2027 -0.09 0.26 0.7338 0.51 0.20 0.0085 -0.49 0.24 0.0392

KetStill Rp Met

Parity 1
Time after 
calving (d) Estimate SE p Estimate SE p Estimate SE p Estimate SE p
<=14 -3.50 0.41 <.0001 -3.03 0.39 <.0001 -2.28 0.22 <.0001 -0.50 0.44 0.2484
15-28 -3.00 0.32 <.0001 -1.69 0.31 <.0001 -1.22 0.18 <.0001 -1.00 0.37 0.0071
29-42 -2.30 0.31 <.0001 -1.48 0.30 <.0001 -1.28 0.17 <.0001 -1.29 0.35 0.0003
43-56 -1.54 0.30 <.0001 -0.96 0.29 0.001 -0.88 0.17 <.0001 -0.59 0.35 0.0929
57-70 -1.77 0.30 <.0001 -0.83 0.29 0.004 -0.60 0.16 0.0002 -0.15 0.34 0.6662
71-91 -0.89 0.27 0.0009 -0.40 0.26 0.1226 -0.34 0.15 0.0223 -0.48 0.31 0.1189
92-112 -1.39 0.27 <.0001 -0.39 0.26 0.1263 -0.37 0.15 0.0134 -0.64 0.31 0.0432
113-140 -1.27 0.25 <.0001 -0.27 0.24 0.2654 -0.37 0.14 0.0079 -0.06 0.29 0.8367
141-175 -0.87 0.24 0.0002 0.17 0.23 0.4486 -0.32 0.13 0.0177 0.23 0.28 0.4049
>=176 -0.74 0.22 0.0006 0.03 0.21 0.9001 -0.12 0.12 0.3166 0.34 0.25 0.1777

KetStill Rp Met



 

 

 
Table 4: Effects of milk fever on milk yield of third and higher lactation cows (n=6769 from 39 

farms). 

Time after calving 
(days) Estimate SE p 
<=14 -4.37 0.9711 <.0001 
15-28 -2.56 0.7385 0.0005 
29-42 -1.72 0.783 0.0276 
43-56 -1.46 0.6786 0.0317 
57-70 0.99 0.7344 0.1739 
71-91 -0.06 0.6161 0.9243 

92-112 1.19 0.6182 0.053 
113-140 -0.25 0.5871 0.6667 
141-175 0.42 0.5464 0.4446 
>=176 1.09 0.496 0.0277 

 

  No significant association between any of the parameters concerning diagnosis and treatment 

methodology and milk yield of affected cows were found in any of the models (results not 

shown). 

 

 The estimated milk losses associated with retained placenta are graphically demonstrated as two 

mean lactation curves for healthy and metritis affected cows in Fig. 1 (first lactation cows) and 

Fig. 2 (third and higher lactation cows).  
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Fig. 1: estimated milk yield of Healthy (Healthy) and retained placenta (Rp) first lactation cows. 
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Fig. 2: estimated milk yield of Healthy (Healthy) and retained placenta (Rp) third and higher 

lactation cows. 

 

 

Using the above acquired milk loss estimates, the cumulative milk losses over the whole 

lactation were calculated. The calculated total milk losses from the additive models and the 

individual disease models are listed in Tables 5 and 6. 

 

Table 5: calculated total milk losses (Kg) from the additive models.   

Lactation                  Disease Stillbirth Milk 
fever 

Retained 
placenta 

Primary 
metritis Ketosis DA 

1 -372.4  -111.9 -129.8 -45.5 -626.1 

2 -511.7  -159.6 -55.6 -134.1 -1777.3 

3+ -130.8 -71.4 -225.6 -105.9 -190.6 -1365.4 

 

Table 6: calculated total milk losses (Kg) from the individual disease models. 

Lactation             Disease Stillbirth Milk fever Retained 
placenta 

Primary 
metritis Ketosis DA 

1 -399.6  -172.3 -156.4 -96.1 -674.2 

2 -516.4  -231.8 -87.4 -151.5 -1944.4 

3+ -198.2 -141.6 -302.3 -148.8 -234.8 -1255.5 

 

 



 

 

Discussion: 

  Incidences for retained placenta and metritis are higher than previous estimates using field 

based datasets (1,3,4,5,14), and similar to estimates using research farms with highly controlled 

datasets and diagnostic procedures (7,16,17). The incidences of milk fever and DA are relatively 

low, because all farms practice effective feeding programs. 

  In contrast to Furnichon et al. (4) where none of the papers reviewed found a milk loss 

associated with milk fever and in accordance with Rajala-Schultz and Gröhn (14) we found a 

significant effect in the first two months after calving. We observed also that milk fever affected 

cows outperform their herd mates later in the lactation. Taking this fact into account, the 

estimated milk loss would be almost double than estimated.  

  Effects of stillbirth, retained placenta, metritis, ketosis and displaced abomasum are in 

accordance with the few studies that found significant milk losses in whole as part of the 

lactation (4, 13, 14). In general our estimates are on the highest side, which is not surprising 

given the high milk production of the herds in our study. 

  As most calving diseases are associated with each other (2, 5, 6, 12), our additive model in 

which each disease is controlled for the effects of the other diseases is of interest. Although the 

calculated milk loss estimates are lower in the additive model, in all parities their effects 

remained significant and of economic importance. 

  It was not in our objectives to investigate possible causes for the milk losses. It was 

demonstrated elsewhere (16) that even slight metritis signs are associated with reduction of feed 

intake and for most other diseases this association is obvious. 

  The lack of consensus in the diagnosis and treatment methodology of retained placenta or 

metritis affected cows is reflected in the various approaches of the participating practitioners. 

The official policy of the “Hachaklait” veterinary organization is to clinically check all cows 

between 6-12 days after calving for metritis, either by rectal palpation or vaginal exploration. 

LeBlanc et al. suggests that this regime has no predictive value (7, 8), but Williams et al. (17) 

found a high correlation between clinical signs and the number of bacteria in the uterus as acute 

phase protein response. The significant milk losses associated with primary metritis diagnosed 

by the above simple clinical evaluation suggests that this diagnostic procedure is of high 

predictive value, at least as far as milk production is concerned.  

  Although forced by the veterinary organization to check all cows, there is no binding policy 

regarding treatment approaches. According to our finding this lack of policy is well justified. 

Our observational study is in this aspect in agreement with controlled experiments (8, 10, 11, 

15).
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