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ABSTRACT

Milk somatic cell count (SCC) is commonly higher in 
goats than in cattle and sheep. Furthermore, the ability 
of milk SCC to predict mastitis is considered lower in 
goats than in cattle and sheep, and the relevance of 
somatic cell score (SCS)-based selection in this species 
has been questioned. To address this issue, we created 2 
divergent lines of Alpine goats using artificially insemi-
nated bucks with extreme estimated breeding values 
for SCS. A total of 287 goats, 158 in high- and 129 in 
low-SCS lines, were scrutinized for mastitis infections. 
We subjected 2,688 milk samples to conventional bacte-
riological analyses on agarose and bacterial counts were 
estimated for positive samples. The SCS, milk yield, 
fat content, and protein content were recorded every 
3 wk. Clinical mastitis was systematically noted. A 
subset of 40 goats (20 from each line) was subsequently 
challenged with Haemonchus contortus and monitored 
for anemia (blood packed cell volume) and fecal egg 
counts to see if SCS-based selection had an indirect 
effect on resistance to gastrointestinal nematodes. Milk 
production traits, including milk quantity, fat content, 
and protein content, were similar in both goat lines. In 
contrast, the raw milk SCC almost doubled between 
the lines, with 1,542,000 versus 855,000 cells/mL in the 
high- and low-SCS lines, respectively. The difference in 
breeding value for SCS between lines was 1.65 genetic 
standard deviation equivalents. The Staphylococcus spp. 
most frequently isolated from milk were S. xylosus, S. 
caprae, S. epidermidis, and S. aureus. The frequency of 
positive bacteriology samples was significantly higher 
in the high-SCS line (49%) than in the low-SCS line 
(33%). The highest odds ratio was 3.49 (95% confidence 

interval: 11.95–6.25) for S. aureus. The distribution of 
bacterial species in positive samples between lines was 
comparable. The average quantity of bacteria in posi-
tive samples was also significantly higher in high-SCS 
goats (69 ± 80 growing colonies) than in low-SCS goats 
(38 ± 62 growing colonies). Clinical cases were rare and 
equally distributed between high- (n = 4; 2.5%) and 
low-SCS (n = 3; 2.3%) lines. Furthermore, the larger 
the amounts of bacteria in milk the higher the SCS lev-
el. Conversely, goats with repeatedly culture-negative 
udders exhibited the lowest SCC levels, with an average 
of below 300,000 cells/mL. We therefore confirmed that 
SCS is a relevant predictor of intramammary infection 
and hygienic quality of milk in goats and can be used 
for prophylactic purposes. After challenge with H. con-
tortus, goats were anemic with high fecal egg counts 
but we found no difference between the genetic lines. 
This result provides initial evidence that resistance to 
mastitis or to gastrointestinal nematodes infections is 
under independent genetic regulation. Altogether, this 
monitoring of the goat lines indicated that SCS-based 
selection helps to improve udder health by decreasing 
milk cell counts and reducing the incidence of infection 
and related bacterial shedding in milk. Selection for 
low SCC should not affect a goat’s ability to cope with 
gastrointestinal nematodes.
Key words: mastitis, divergent selection, dairy goat, 
gastrointestinal nematodes

INTRODUCTION

Mastitis is a serious problem in dairy breeding sys-
tems. In goats, as in small ruminants in general, masti-
tis is the primary sanitary cause of involuntary culling; 
clinical mastitis is rare (<5%), but the prevalence of 
subclinical mastitis is 20 to 30% per lactation (Bergoni-
er et al., 2003). Based on conservative assumptions of a 
10% incidence of infectious mastitis in European Union 
dairy goat herds, Rupp and Foucras (2010) estimated 
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the annual losses due to milk reduction in mastitic ani-
mals (20% in affected animals) to be in the region of 
€60 million per annum. High hygienic quality of milk 
is all the more important to goat breeders and the in-
dustry, as a large proportion of the milk is destined 
for specific high-quality markets, such as dietetic milks 
(lower amount of long-chain fatty acids than cow milk) 
and fresh or ripened cheeses (Duboeuf et al., 2004). 
However, some of the classical prophylactic measures to 
control mastitis can seem inefficient or too demanding 
to breeders because of the large size of herds, which 
makes complementary strategies more attractive.

In many countries, resistance to mastitis in cattle and 
sheep has been included in the breeding objectives, the 
aim being to improve the animals’ health and welfare, 
the hygienic quality of milk products, and overall ef-
ficiency and resilience (Heringstad et al., 2000; Rupp et 
al., 2002; Miglior et al., 2005). Milk SCC, or often the 
log-derived SCS (Ali and Shook, 1980), is commonly 
used as a proxy for selection because the trait is heri-
table and easily measured on a large scale as part of the 
milk recording process. In dairy cattle, clinical mastitis 
is also used for selection purposes. Selection strategies 
are based on a linear decrease of milk SCS, ideally as a 
tool to decrease IMI. In dairy goats, heritability of SCS 
has been recently estimated to be around 0.20 (Rupp 
et al., 2011), indicating the feasibility of such selection 
in this species.

Nevertheless, controversy endures about the use of 
milk SCC to select for improved mastitis resistance 
(Rainard et al., 2018a). Whereas a consensus exists 
regarding selection against high SCC, opinions diverge 
regarding selection for excessively low SCC levels. Milk 
SCC in goats is commonly higher than in cattle and 
sheep (Contreras et al., 2007). Furthermore, the ability 
of milk SCC to predict IMI may be lower in goats than 
in cattle and sheep, as many environmental factors can 
increase SCC in the uninfected halves (Poutrel and Le-
rondelle, 1983; Boettcher et al., 2005; Contreras et al., 
2007; Jiménez-Granado et al., 2014). This has raised 
the question of whether milk SCC is an efficient selec-
tion criterion for reducing IMI.

Another question raised is whether genetic selection 
for improved resistance to mastitis can have a reverse 
effect on the animal’s resistance to other diseases. In-
deed, mastitis is mainly caused by extracellular bac-
teria, and the host’s resistance probably involves a 
crucial role of type-1 immune response. However, the 
immune response activates different effectors and path-
ways depending on the nature of the invading microbes. 
For instance, the control of parasites is predominately 
governed by a type-2 immune response. In addition, 
divergent selection experiments in mice (Mouton et 

al., 1984), pigs (Crawley et al., 2005), and poultry 
(Pinard-van der Laan, 2002) showed that resistance 
to various diseases and pathogens, and the different 
components of the immune response were, at least in 
part, under independent genetic regulation. In dairy 
farming, infestation with gastrointestinal nematodes is 
considered almost as important as mastitis with respect 
to the industry and public concern, economic impact, 
and animal welfare (Waller, 2006; Davies et al., 2009), 
especially in pasture-based production systems. How-
ever, the control of gastrointestinal nematodes with an-
thelmintics in the goat industry is seriously threatened 
by the development of anthelmintic-resistant parasites 
(Chartier et al., 2001). It is therefore important to 
verify that selection for improved resistance to mas-
titis does not deteriorate resistance to gastrointestinal 
nematodes.

The first aim of our study was to assess the efficiency 
of SCS-based selection to reduce IMI and improve 
milk hygienic quality. The experiment was based on a 
divergent selection of Alpine dairy goats. This paper 
describes the experimental design and survey of 287 
goats. The second objective was to see if SCS-based 
selection had an indirect effect on resistance to gastro-
intestinal nematodes. This question was addressed by 
experimentally challenging 2 groups of 20 goats from 
the high- and low-SCS lines with Haemonchus contor-
tus.

MATERIALS AND METHODS

The experiment was carried out in agreement with 
French National Regulations for the humane care and 
use of animals for research purposes. Animals were 
bred at the experimental INRA Farm (La Sapinière, 
Osmoy, France), which has the experimental approval 
C18–174–01.

Animals

Alpine dairy goats were from a divergent selection 
experiment based on EBV for milk cell counts of AI 
progeny-tested bucks. The experiment was initiated 
in 2008 at the INRA experimental facility of Bourges 
(Domaine de Galles, Avord, France). Birth year ranged 
from 2009 to 2015 and goats were monitored until 2016.

The individual EBV of sires were computed at the 
French population level using data from the national 
goat database of the CTIG (Processing Centre of Ge-
netic Information, Jouy en Josas, France). The trait 
was the lactation mean of somatic cell scores (LSCS), 
with SCS = 3 + log2 (SCC/100,000) (Ali and Shook, 
1980), adjusted for lactation stage and measured dur-
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ing the first 3 lactations (250 DIM) of the daughters, 
as described previously (Rupp et al., 2011). We used 
1,922,459 lactations of 915,795 Alpine goats in 2016 to 
calculate the EBV. The EBV for LSCS were computed 
using a BLUP repeatability animal model. The model 
included the following fixed effects: herd by parity and 
year, age at kidding by year, and region and month of 
kidding by year and region (Larroque et al., 2011). The 
model also included the dry period length by year and 
region combination for parities 2 and 3. The EBV for 
LSCS are expressed as genetic standard deviation (σg = 
0.548) multiplied by 10 and centered on the value 100, 
reversing the sign so that EBV above 100 are desirable 
(low cell counts) whereas low values are undesirable 
(high cell counts). The EBV for the LSCS of AI bucks 
were first officially provided to breeders by the breeding 
organization (Capgenes, Mignaloux, France) in 2013. 
To reproduce the high- and low-SCS lines of divergent 
goats, we used 60 bucks with reliable (reliability ≥0.80) 
and extremely unfavorable or favorable EBV for LSCS 
(Table 1). On average, the difference between the high- 
and low-SCS sire LSCS EBV was 26.4, which corre-
sponds to 2.64 genetic standard deviation equivalents. 
Sires of the 2 lines were also required to show similar 
and favorable EBV for milk production traits to avoid 
confounding effects from an indirect response to selec-
tion for production traits (Table 1).

Each year, 2 groups of 5 bucks were mated by AI, 
and about 15 goats each and 558 female offspring were 
obtained. The goats were inseminated at about 7 mo 
of age. Finally, 287 goats, 158 in the high-SCS line and 
129 in the low-SCS line, started their first lactation at 
the INRA experimental facility between 2010 and 2016. 
Each high- or low-SCS buck sired 4.8 ± 2.7 daughters, 
on average, with a range from 1 to 14. Among the 287 

goats, 176 and 108 completed a second and third lacta-
tion, respectively, during the same period.

Goats in both lines were housed together in the same 
facility and managed identically. The ration was based 
on lucerne hay and the goats were bred indoors all year 
around. Kidding was seasoned and occurred in Janu-
ary until early February. Goats were machine-milked 
twice a day with a DeLaval milking machine (DeLaval 
France, Elancourt, France) in a Rotolactor parlor (Eurl 
Gabard Systeme, Moutiers-Sous-Argenton, France) 
for 7 mo until October and were then dried off for 3 
mo. Feeding, machine milking, and housing were to-
tally representative of the regional breeding systems in 
western France. No voluntary culling of these animals 
took place during lactation or at drying off during this 
period (up to the end of third lactation).

SCC, Milk Production, and Milk  
Bacteriological Examination

Measurements of SCS, milk yield, fat content (FC), 
and protein content (PC) were recorded as part of the 
official milk records for the herd. Milk production and 
SCC were measured every 3 wk (except in August) over 
a 270-d lactation period (i.e., at 8 to 10 time points per 
animal). Both udder half milk samples and composite 
milk samples from each goat at morning milking were 
used to determine the SCC by Fossomatic cell counter 
(Foss Electric, Hillerød, Denmark) at the Interprofes-
sional milk analysis laboratory LILCO (Laboratoire 
Interprofessionnel Laitier du Centre Ouest, Surgères, 
France).

Milk samples were taken from first-parity goats for 
bacteriological examination. Samples were collected 
aseptically from individual udder halves at the begin-

Table 1. Estimated breeding values [mean (SD)] for lactation mean SCS (LSCS) and production traits for 60 bucks that sired the high- and 
low-SCS lines

Trait
High-SCS line bucks 

(high cell count)
Low-SCS line buck 

(low cell count) Contemporary bucks1

No. of bucks 32 28 1,043
EBV for LSCS 86.9 (6.7)a 113.3 (4.7)b 99.4 (7.6)c

Reliability of LSCS EBV 94 (4) 94 (3.9) 86 (7)
EBV for CPI2 104.7 (16.3)a 108.1 (21.9)a 84.5 (28.6)b

EBV for milk quantity 17.3 (52.4)a 20.5 (68.6)a −41.5 (80.6)b

EBV for protein content 0.01 (1.26)a −0.06 (1.20)a 0.04 (1.37)a

EBV for fat content −0.41 (2.51)a 0.52 (1.87)a −0.03 (2.23)a

EBV for protein yield 0.48 (1.31)a 0.56 (1.86)a −1.27 (2.26)b

EBV for fat yield 0.23 (1.82)a 1.10 (2.07)a −1.47 (2.79)b

a–cLowercase letters indicate significant differences in the EBV between lines. Significant differences were determined by t-test at P < 0.001 from 
a model including birth year and line as fixed effects
1Contemporary bucks were all Alpine bucks born in the same years (1999–2010) with EBV for SCS and reliability of SCS EBV above 0.80 
(excluding the high and low line bucks).
2CPI = combined production index = protein yield + 0.4 protein content + 0.2 fat yield + 0.1 fat content.
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ning of morning milking. Samples were taken at 9 time 
points: just after lambing (and before the first suckling) 
and then concomitantly with monthly SCC samples 
(the day before). We gathered 2,688 samples over 4 
yr (2010–2013). Milk bacteriological analyses (BAC) 
were performed at the Laboratory LDA8 (Laboratoire 
Départemental du Cher, Bourges, France) using con-
ventional techniques on agarose, as described previ-
ously (Rupp et al., 2009). The results were expressed 
as a binary trait: positive or negative (0 or 1). In ad-
dition, the bacteria in positive samples (n = 1,141) 
were roughly quantified by counting the colonies and 
grouping them into 3 categories: few (1–10, n = 477), 
moderate (11–100, n = 404), and numerous (>100, n 
= 260). To further exploit the BAC results, the udders 
were classified according to the presence and severity 
of infections. The classification into healthy glands and 
mild, severe, and very severe infections is detailed in 
Figure 2.

Clinical mastitis cases were systematically recorded 
by experienced technicians. Detection was based on the 
association of general symptoms (fever, exhaustion, loss 
of appetite) with local signs. The latter were usually 
observed at milking: color or consistency of modified 
milks and hot, swollen or painful udders.

Challenge with the Gastrointestinal Nematode 
Haemonchus contortus

Two groups of 20 high- and 20 low-SCS goats in 
second parity were challenged twice with a gastroin-
testinal nematode at approximately 90 and 140 DIM. 
All goats were infected simultaneously on the same 
day (d 0) with 5,000 Haemonchus contortus infective 
larvae (Humeau strain). All goats were treated with 
oral ivermectin (Oramec 0.2 mg/kg, Merial SAS, Lyon, 
France) at d 35. After a waiting period of 15 d, the 
goats were reinfected with 5,000 H. contortus infective 
larvae (second d 0). This protocol was set to induce an 
adaptive immune response that is initiated with the 
first challenge and measured after the second challenge 
(Lacroux et al., 2006). Fecal samples were collected af-
ter each challenge at d 21, 28, and 35. Fecal egg counts 
(FEC) were assessed using a modified McMaster 
method for rapid determination (Raynaud et al., 1970). 
Blood samples were collected after each challenge at 
d 7, 14, 21, 28, and 35. Blood samples were collected 
in EDTA-coated tubes and packed cell volume (PCV) 
values were determined individually by centrifugation 
in microhematocrit tubes with a relative centrifugal 
force of 9,500 at room temperature for 10 min (Biofuge 
Hemo, Heraeus, Hanau, Germany).

Statistical Analyses

Linear mixed models (PROC MIXED, SAS version 
9.4, SAS Institute Inc., Cary, NC) were used to evalu-
ate the effect of line on the different repeated continu-
ous traits pertaining to SCS, BAC, milk quantity and 
content, and response to nematodes challenge.

The following regression model was used for all traits:

	 y = Xβ + Za + e,	 [1]

where y is the vector of the measured test-day SCS, 
milk yield, FC, PC, FEC (log-transformed), PVC, 
BAC, and BAC quantity; β is the solution for fixed ef-
fects; a is the random animal effect; and e is the random 
vector of residual effects. X and Z are the incidence 
matrices linking phenotypic measurements to fixed ef-
fects β and subjects a, respectively. It is assumed that 
a ~N(0, G), where G is the subject covariance matrix 
G I=( )σa2  and e ~N(0, R), where I is the identity ma-
trix and R is the residual covariance matrix. Accord-
ingly, var(y) = ZGZ′ + R.

For the dependent variables SCS, milk yield, FC, and 
PC, the fixed effects were line, parity, and sampling 
time point within the year (67 levels). The correlated 
structure of data arising from longitudinal measure-
ments (8–10 sampling time points) on successive lacta-
tions (1–3 parity) was fitted with a direct product first-
order autoregressive covariance structure within parity.

For the dependent variables BAC and BAC quantity, 
measured only in first lactation, the fixed effects were 
line and sampling time point within the year (32 lev-
els). The correlated structure of data arising from lon-
gitudinal measurements (5 to 9 sampling time points) 
on the 2 udder halves was fitted with a direct product 
first-order autoregressive covariance structure within 
parity. Because the different classes for BAC and BAC 
quantity were relatively well-balanced across the effects 
(line, sampling time, and year) the linear models hold, 
no specific models needed to be fitted for binary traits 
and the same model structure could be used as for the 
continuous traits.

For the dependent variables FEC (log-transformed) 
and PCV measured in second lactation, the fixed ef-
fects were line, challenge (first vs. second), and sam-
pling time after challenge (3 for FEC and 5 for PCV). 
The correlated structure of data arising from longitu-
dinal measurements (3 to 5 sampling time points) on 
successive challenges (first and second) was fitted with 
a direct product first-order autoregressive covariance 
structure within parity. The 2 groups of high- and low-
SCS goats selected for the experiment were also tested 
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for different SCS levels and whether the challenge had 
an effect on SCS by applying the mixed model [1] 
for the dependent variable SCS in this data set. The 
fixed effects tested were sampling time point, line, and 
their interaction. Next, the fixed effects were replaced 
by line, period (challenge period = 2 sampling dates; 
out of challenge period = 7 sampling time points), and 
their interaction. We used 9 sampling time points each 
with 37 to 40 observations.

Statistical differences between the lines for instan-
taneous infectious rate with specific bacterial species 
were assessed by applying exact Fisher tests (PROC 
FREQ, SAS Institute Inc.). Pearson correlation coef-
ficients were estimated with SAS (PROC CORR, SAS 
Institute Inc.).

RESULTS

Difference Between Lines for Milk Production  
Traits and SCS

Milk production traits, including milk quantity, 
FC, and PC, were similar in both lines, whereas large 
differences in SCC and SCS were observed (Table 2). 
Analysis of variance showed a significant line effect on 
SCS, which corresponded to raw milk SCC that were 
almost doubled between the lines, with 1,542,000 ver-
sus 855,000 cells/mL in the high- and low-SCS lines, 
respectively (Table 2). The LSCS EBV, based on data 
from the first 3 lactations, were 90.4 (±5.5) and 106.9 
(±5.2) in the high- and low-SCS goats, respectively. 
The difference (P < 0.001) between the offspring from 
the 2 lines was therefore equal to 1.65 equivalent ge-
netic standard deviations (16.5/10). Parity significantly 
affected SCS, with an increase in SCS least squares 
means (±SE) from 4.56 (±0.09), 5.33 (±0.11), to 5.73 

(±0.12) from first to third parity; SCS also increased 
with lactation stage (Figure 1). The difference (P < 
0.001) between lines, however, was similar across lacta-
tion stage and parity without any systematic increase 
or decrease trend, except at the first sampling time 
point after kidding, for which the standard errors were 
higher (Figure 1).

Difference Between Lines for BAC and Mastitis

Milk bacteriological analyses were carried out on 
2,688 samples from healthy goats or goats with non-
acute mastitis. Among them 42.5% were positive. The 
bacteria most frequently isolated were staphylococci 
(Table 3). Among them, the most frequent were S. 
xylosus, S. caprae, S. epidermidis, S. simulans, and S. 
aureus representing 18.9, 17.6, 12.7, 7.0, and 4.7% of 
the positive samples, respectively. Streptococci and Ba-
cillus accounted for 6.6 and 8.9% of positive samples, 
respectively.

As indicated in Table 2, the frequency of positive 
samples (BAC) was significantly higher in the high-SCS 
line (49%) than in the low-SCS line (33%). The distribu-
tion of bacterial species within the positive samples was 
comparable between lines (Table 3). Frequency of the 
most often isolated staphylococci (S. xylosus, S. caprae, 
S. epidermidis, and S. aureus), was significantly higher 
in the high-SCS than in the low-SCS line (Table 3), 
with the highest odds ratio of 3.49 (95% CI: 11.95–6.25) 
for S. aureus. A similar trend was observed for strep-
tococci, although the difference between lines was not 
significant (P = 0.18). No difference between lines was 
observed for the frequency of positive Bacillus samples. 
The average amount of bacteria in positive samples, 
and thus the severity of infection, was also significantly 
higher in high- than in low-SCS goats (Table 2), which 

Table 2. Descriptive statistics for the 158 high- and 129 low-SCS divergent goat lines and ANOVA testing for the difference between lines

Trait1

High-SCS line

 

Low-SCS line

 

ANOVA

No. of 
records

Mean 
(SD)

No. of 
records

Mean 
(SD) P-value

LSM difference 
(high/low)

Test day SCC, ×103 cells/mL 2,358 1,542 (2,956) 1,988 855 (2,287)    
Test day SCS   5.60 (2.14)   4.53 (1.95) <0.001 1.14 (0.14)
First-lactation test day SCC, ×103 cells/mL 1,197 1,220 (2,393) 915 641 (2,096)    
First-lactation test day SCS   5.21 (2.03)   3.97 (1.86) <0.001 1.17 (0.16)
Milk yield, L/d 2,392 1.65 (0.57) 2,024 1.60 (0.56) NS 0.07 (0.03)
Protein content, g/L 2,358 31.7 (4.3) 1,998 31.9 (4.2) NS −0.3 (0.3)
Fat content, g/L 2,358 31.9 (8.5) 1,998 31.8 (9.0) NS 0.1 (0.0)
BAC2 1,564 0.49 (0.50) 1,124 0.33 (0.47) <0.001 0.16 (0.03)
BAC2 quantity, for positive samples 774 1.83 (0.04) 367 1.49 (0.06) <0.001 0.34 (0.07)
1Results from morning milking samples collected from kidding up to 270 DIM during the first 3 lactations.
2BAC = positive (1) or negative (0) bacteriological milk examination result. For positive samples, a rough quantification of bacteria in positive 
samples wasbased on number of colonies: few (1), moderate (2), and numerous (3).
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Figure 1. Somatic cell score profile (LSM ± SE) from first to third lactation in the 158 high- and 129 low-SCS divergent lines goats. Least 
squares means were from a mixed model including the fixed effect of line by sampling time by parity combination and then random animal effect.

Table 3. Milk bacteriological results for the 2 high- and low-SCS divergent lines1

Item

Total

 

Low-SCS line

 

High-SCS line
P-value 

between lines2N (%) N (%) N (%)

Negative 1,547 57.6   757 67,3 790 50.5 ≤0.001
Staphylococci (total) 922 34.3   281 25.0 641 41.0 ≤0.001
  S. xylosus 216 8.0   57 5.1 159 10.2 ≤0.001
  S. caprae 201 7.5   61 5.4 140 9.0 ≤0.001
  S. epidermidis 146 5.4   31 2.8 115 7.4 ≤0.001
  S. aureus 80 3.0   14 1.2 66 4.2 ≤0.001
  NAS 54 2.0   27 2.4 27 1.7  
  S. chromogenes 39 1.5   15 1.3 24 15  
  S. lentus 36 1.3   18 1.6 18 1.2  
  S. capitis 32 1.2   8 0.7 24 1.5  
  S. warneri 23 0.9   12 1.1 11 0.7  
  S. hominis 21 0.8   8 0.7 13 0.8  
  S. lugdunensis 20 0.7   5 0.4 15 1.0  
  S. hyicus 19 0.7   11 1.0 8 0.5  
  S. simulans 14 0.5   2 0.2 12 0.8  
  S. sciuri  7 0.3   4 0.4 3 0.2  
  S. saprophyticus 6 0.2   5 0.4 1 0.1  
  S. cohnii 5 0.2   3 0.3 2 0.1  
  S. haemolyticus 3 0.1   0 0.0 3 0.2  
Streptococci 75 2.8   27 2.4 48 3.1 0.18
Bacillus 102 3.8   47 4.2 55 3.5 0.84
Micrococci 22 0.8   8 0.7 14 0.9  
Others3 20 0.7   4 0.4 16 1.0  
1Results were from 2,688 samples from 9 sampling time points per udder half during first lactation.
2P-value from Fisher exact test (PROC FREQ, SAS version 9.4, SAS Institute Inc., Cary, NC) computed for the main bacteria species (≥2.5%). 
3Others: Acinetobacter (n = 2), Aerococcus (n = 7), Aspergillus (n = 2), Corynebacterium (n = 3), Escherichia coli (n = 3), Pseudomonas (n = 
2), yeast (n = 1).
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corresponded to an average of 69 (±80) versus 38 (±62) 
growing colonies, respectively.

The infection and SCS in the divergent lines were 
further quantified by classifying the udders according 
to the presence and severity of infections on a sampling 
date basis. The classification into healthy glands or 
mild and severe infection was strongly associated with 
the SCS (Figure 2). This agreed with the correlation 
between the udder half test-day SCS with BAC and 
BAC quantity (in positive samples), which was 0.40 
and 0.38, respectively. Furthermore, the frequency of 

udder glands with the most severe infections (score = 
3, associated with the presence of S. aureus or a large 
quantity of bacteria in milk) was higher in the high-
SCS line (16.5%) than in the low-SCS (6%) line.

Special attention was given to goats with very few 
culture-positive samples. The question was whether 
healthy goats have low, average, or high SCC. For 20% 
of the animals (n = 35 animals and 526 samples), milk 
was culture positive in less than 1 out of 5 of their udder 
half milk samples. The average SCC in those animals 
was especially low (i.e., equal to 278,000 cells/mL ± 

Figure 2. (A) Somatic cell score value (LSM ± SE) according to the bacteriological status of the udder gland (score). The letters (a–c) show 
significant differences. Significant differences were determined by t-test at P < 0.001 from a mixed model including sampling time by year as 
fixed effects and animal as random effect. (B) Definition of the bacteriological status of the udder gland (score); scores 2 and 3 are defined by 
alternative conditions. (C) Frequency of udder glands according to score and genetic line. S. aureus = Staphylococcus aureus; BAC = bacterial 
milk examination.
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1,080,000) when compared with the average (i.e., equal 
to 1,014,000 cells/mL ± 3,165,000; n = 176 animals 
with 2,245 samples). Out of these 35 healthy animals, 7 
and 14 were in the high- and low-SCS lines respectively.

Only 7 cases of clinical mastitis were recorded in the 
287 goats between 2009 and 2016. These cases were 
equally distributed between the high- (n = 4; 2.5%) 
and low-SCS (n = 3; 2.3%) lines.

Difference Between Lines for Response  
to Challenge with H. contortus

Figure 3 shows FEC and PCV upon challenge with 
H. contortus. The challenge elicited a strong signifi-
cant decrease in PCV, which remained low during the 
second challenge. Inversely, FEC increased to an aver-
age of 1,750 (±142) and 1,460 (±170) at d 35 after 
the first and second challenge, respectively. We found 
no difference between the genetic lines, with similar 
response patterns for high- and low-SCS goats. A sig-
nificant difference in SCS of 1.48 ± 0.34 between the 
genetic lines was observed in the goats selected for the 
experimental challenge with H. contortus (n = 2 × 20).
This difference was slightly higher than in the overall 
experimental population measured over lactations 1 
to 3 (1.14 ± 0.14; Table 2). This divergence between 
lines was observed from the first milk control onwards 
(Supplemental Figure S1; https:​/​/​doi​.org/​10​.3168/​jds​
.2018​-15664). The challenge with H. contortus had no 
significant effect on SCS.

DISCUSSION

Relationship Between SCC and Bacteria in Goat Milk

The present study provides further evidence that 
milk SCC is related to subclinical mastitis in goats. 
A clear positive correlation was observed between the 
SCC and the presence of bacteria in milk, these being 
mainly staphylococci (S. xylosus, S. caprae, S. epidermi-
dis, and S. simulans) in the present study. The amounts 
of bacteria in milk increased as the SCS level increased. 
Conversely, goats with repeatedly negative udders (80% 
of negative milk samples) exhibited the lowest levels of 
SCC, with an average of 277,000 cells/mL. Milk SCC 
has been widely used in dairy ruminants as a proxy 
to predict IMI. Indeed, milk SCC mainly reflects the 
number of neutrophils that migrate from blood to the 
mammary gland in response to infection. As with dairy 
cattle and sheep, an increased SCC in goats has been 
reported as a consequence of infection (Poutrel et al., 
1997; Paape et al., 2001; Bergonier et al., 2003; Luengo 
et al., 2004; Moroni et al., 2005; Koop et al., 2010). 
Based on milk bacteriology examination, Contreras 
et al. (1996) considered that a value of 500,000 cells/
mL was a useful threshold to discriminate infected and 
uninfected udder halves. Based on prediction guide-
lines involving repeated SCC measures over a given 
lactation, De Crémoux and Poutrel (2001) suggested 
measuring several SCC during lactation and 2 thresh-
olds of 750,000 and 1,750,000 cells/mL to discriminate 
3 statuses: uninfected animals, animals infected with 

Figure 3. Packed cell volume (PCV) and fecal egg count (FEC; log-transformed) profiles (LSM ± SE) in 20 high- and 20 low-SCS goats 
challenged twice with Haemonchus contortus at approximately 90 DIM and 140 DIM. Least squares means were from a mixed model including 
the fixed effect of line, challenge (first vs. second), sampling time after challenge, and then random animal effect.

https://doi.org/10.3168/jds.2018-15664
https://doi.org/10.3168/jds.2018-15664
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minor pathogens, and animals infected with major 
pathogens. Those authors obtained sensitivities of 61 
to 83% and specificities of 61 to 80% depending on 
the status; however, the ability of milk SCC to predict 
IMI in goats is often considered poorer than in cattle 
and sheep (Poutrel and Lerondelle, 1983; Boettcher et 
al., 2005), due mainly to the elevated values reported 
in goats as compared with dairy ewes and cows. For 
instance, the average values of LSCS (first lactations) 
were 2.6 ± 1.2 in Holstein (Rupp and Boichard, 1999), 
3.1 ± 1.5 in Lacaune sheep (Rupp et al., 2003), and 
5.34 ± 1.59 in Alpine goats (data from 405,004 primip-
arous Alpine goats in the national database; IDELE, 
2018). The prevalence of IMI and the type of patho-
gens (mainly staphylococci) were similar in all 3 dairy 
species, except that the frequency of clinical mastitis 
due to streptococci and Escherichia coli is higher in 
dairy cattle (Bergonier et al., 2003). High SCC levels 
in goats are probably due, at least to some extent, to 
the importance of lentiviral infection and to noninfec-
tious factors of inflammation, such as parity, stage of 
lactation, or season (Paape et al., 2001; Bergonier et 
al., 2003; Luengo et al., 2004; Moroni et al., 2005; Koop 
et al., 2010). These factors are therefore presumed to 
mask the link between SCC and udder bacterial infec-
tion, and the distribution of SCC between infected and 
noninfected animals is thought to overlap considerably. 
In the present study, we confirmed that SCS is a good 
predictor of IMI and the hygienic quality of milk. The 
cell counts in goats with a low frequency of bacteria 
in milk were below 300,000 cells/mL. Though imper-
fect, SCC can thus efficiently be used for prophylactic 
purposes, including the culling of persistently infected 
animals.

Response to SCS-Based Selection  
on Udder Health in Goats

By using a set of 60 AI bucks with extreme breeding 
values for SCS, we managed to breed 2 groups of goats 
with a large difference in SCC equal to 1.14 scoring 
points (raw data) and 1.65 genetic standard deviation 
(EBV). The experiment was a 1-generation divergent 
experiment, as bucks were selected each year within 
the national population. The response was in agree-
ment with the selection intensity and heritability (h2 = 
0.20) of the trait (Rupp et al., 2011). The surveillance 
of 287 goats from the high- and low-SCS lines over 3 
lactations suggested favorable responses to SCS-based 
selection on milk quality and on resistance to mastitis. 
Indeed, the frequency of positive bacteriology samples 
was significantly higher in the high- (49%) versus low- 
(33%) SCS line. In addition, the amount of bacteria in 

positive samples from the high-SCS line was also higher 
than in positive samples from the low line. Thus, milk 
hygienic quality was notably improved in low-SCS com-
pared with high-SCS goats. Part of the sample positiv-
ity might be due to transitory infections or colonization 
of the teat rather than to infection established upper 
in the mammary gland. However, because the bacterial 
results were well correlated with SCC, the hypothesis 
of established infection holds for most of the large 
number of samples analyzed (>2,500). Clinical mastitis 
was rare, as usually reported in goats (Bergonier et 
al., 2003), which would preclude the evaluation of a 
possible selection effect. The clinical cases in high- and 
low-SCS lines also occurred at random. The data there-
fore suggest a favorable reduction in the incidence and 
duration of IMI and control of bacterial multiplication 
in goats selected for low SCS. Results also suggested 
that the distribution of pathogen species did not dif-
fer between the lines and that the risk of mastitis was 
not higher in low-SCS goats than in high-SCS goats. 
This responds to the controversy about selecting for 
excessively low milk SCC in dairy species, discussed by 
Rainard et al. (2018a). At least within the range of ob-
served values, and given the strong selection intensity, 
goats genetically selected for low SCS showed the best 
milk quality and best mastitis bacteria control under 
natural conditions of infection.

The results from our study were in close agreement 
with those from a similar divergent selection experi-
ment conducted in Lacaune dairy sheep (Rupp et al., 
2009). The SCS differed significantly in high- (4.48) 
and low- (2.90) SCS groups primiparous dairy ewes, as 
did the incidence of positive bacteriology (39 and 12%, 
respectively). Comparison with the present results in 
goats revealed an almost perfect linear relationship 
across the 2 experiments (and species) between the SCS 
and the infection rate. This suggests that the frequency 
of positive samples can be directly predicted from SCS 
under different breeding conditions. It also suggests 
that the high SCC in goats is mainly due to higher 
infection rates. Rupp et al. (2009) concluded that the 
better resistance of low-SCS ewes, as compared with 
high-SCS ewes, was principally characterized by “a bet-
ter ability to limit IMI during the peripartum period, 
to eliminate IMI during lactation, and quantitatively 
limit the inflammation process (and its clinical conse-
quences).”

Although similar conclusions can be drawn here, 
the underlying mechanisms that were selected are still 
mostly unknown and could be multiple in nature. Low-
SCS goats may better control the number of bacteria 
that enter the mammary gland through better first-line 
defense mechanisms in the teat canal. Better emptying 
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of the udder gland at milking, due to efficient milk 
emission properties, might also help to control infection. 
Low-SCS goats might also exhibit a more efficient or 
rapid immune response, thereby limiting the multipli-
cation of bacteria or the inflammation process. Direct 
extrapolation to goats is not straightforward, however; 
indeed, experimental infections were conducted in a 
limited number of goats (n = 10) from the present 
divergent lines in 2 independent studies (Cremonesi et 
al., 2012; Rainard et al., 2018b). The results from both 
of those studies did not reveal any difference in SCC, 
bacterial count, or gene expression patterns upon chal-
lenge with S. aureus. Disentangling the different com-
ponents responsible for better resistance or milk quality 
in low-SCS goats thus requires further investigation.

Genetic Link Between Resistance to Nematodes  
and Resistance to Bacteria in Goat

Goats were susceptible to the experimental infes-
tation with H. contortus and became anemic (PCV 
around 22–24%) and exhibited high egg counts (>1,400 
eggs per gram of feces) at 3 to 4 wk after infestation. 
The anemia profiles after first challenge were similar to 
those observed in Creole kids (Bambou et al., 2013); 
FEC and anemia after the second challenge were higher 
in our adult lactating goats. The clear degree of protec-
tion, reported in Creole kids previously infected with 
H. contortus, was not observed in the current study. 
Goats showed a variable interindividual response upon 
challenge, as the coefficient of variation for FEC ranged 
from 6 to 11% (d 21–35); however, there was no differ-
ence between the genetic lines. To our knowledge, no 
data have been published on a possible genetic relation-
ship between resistance to mastitis and resistance to 
nematodes in ruminants. The results presented herein 
suggest that genetic resistance to mastitis and gas-
trointestinal infections are under independent genetic 
regulation. Selection for low SCC and decreased IMI 
should therefore not affect the animal’s ability to cope 
with gastrointestinal nematodes.

Can These Results be Extended to Field Situations?

These results were observed in a single experimen-
tal herd and in a single breed (Alpine); however, the 
production, epidemiological, and etiological situation of 
the herd were within the commercial dairy goat herd 
range. Indeed, according to the national database, the 
average milk production over 250 d is 956 kg (±299) for 
a total of 851,924 Alpine lactations with a parity of 1 
to 3. Milk production in the present study was 1.62 L/d 
(1.67 kg/d), at the morning milking, which corresponds 

to an average of 841 kg on a 250-d basis [1.67 × 1.55/d 
× 250 d × 1.3 (adult equivalent)]. The average LSCS 
in 405,004 primiparous Alpine goats was 5.34 (±1.59) 
in the national database compared with 4.67 (±2.05) 
herein. The experimental herd therefore exhibited 
similar, although slightly lower, values of SCS and milk 
production than reported in the large field data set. 
The high-SCS line exhibited the SCS and SCC values 
commonly observed on the farm. Regarding mastitis, 
similar frequencies of clinical mastitis (less than 5%) 
and clinical or subclinical IMI etiology to the present 
study were reported in the review by Bergonier et al. 
(2003) based on large-scale surveys in European goat 
breeds. Others reported similar SCS levels and varying 
prevalence (15–80%) of subclinical mastitis in Indian 
(Mishra et al., 2018), Spanish (Contreras et al., 1999), 
or Chinese goats (Zhao et al., 2015). In general, previ-
ous studies have reported the definite predominance of 
CNS, such as S. epidermidis and S. chromogenes, as 
causal agents of subclinical and often chronic mastitis.

Implementation in the French Dairy Goat  
Breeding Objectives

The experimental design enabled us to create a large 
difference in SCS between the high and low lines. Rou-
tine genetic evaluations for SCC are now performed in 
Alpine and Saanen breeds in France, as goat breeders 
have benefitted from long-term records of SCC in the 
milk recording system. From 2014 onward, LSCS has 
been included in the selection index used for planned 
matings so as to produce AI sires in the selection 
nucleus. Breeders have chosen to place a weight of 17 
and 12% on SCS in Saanen and Alpine breed, respec-
tively, in addition to udder traits and production in the 
total merit index. Accordingly, the genetic change to be 
expected in 10 yr is +0.34 genetic standard deviations 
in Alpine. The observations reported here, therefore, 
provide additional information on the likely long-term 
effects and efficacy of on-farm SCS-based selection re-
garding IMI, despite the limit of the small size of the 
experimental design.

CONCLUSIONS

Divergent selection based on EBV for SCS of AI 
bucks allowed creating 2 groups of goats with strongly 
divergent SCS. Monitoring of the lines indicated that 
SCS-based selection helps to improve udder health by 
decreasing milk cell counts and reducing the incidence 
and quantity of bacteria in milk. Selection for better 
mastitis resistance had no adverse effect on resistance to 
gastrointestinal nematodes. The results supported the 
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breeders’ decision to include the trait in the breeding 
objectives for French Alpine and Saanen breeds. Our 
experimental design should allow further investigations 
of host mechanisms, leading to improved resistance to 
mastitis in goats.
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