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ABSTRACT

Mastitis is a worldwide problem in dairy cows and 
results in reduced milk production, the culling of cows, 
and other economic losses. Bulk tank somatic cell 
count (BTSCC) over 200,000 cells/mL often indicates 
underlying subclinical mastitis in dairy herds. Several 
preventative measures that can be implemented to help 
improve the incidence of mastitis exist, but surveys find 
these practices not fully adopted by producers. The 
goal of this research was to analyze the farm and op-
erator characteristics associated with BTSCC in dairy 
herds by analyzing a survey of dairy producers in the 
southeastern United States. We examined this region 
because it has experienced a decline in the number of 
dairy farms, dairy cows, and milk production over the 
past 2 decades. The southeast region is also associated 
with higher BTSCC levels than the national average. 
Dairy farms in Georgia, Mississippi, Kentucky, North 
Carolina, South Carolina, Tennessee, and Virginia were 
surveyed. Producers were asked questions about the 
BTSCC at which they take action to address BTSCC, 
the information sources they use to learn about and 
manage BTSCC, farm structure and management char-
acteristics, and attitudinal variables associated with 
profitability, managerial control, and planning horizon. 
Least squares regression was used to determine how 
these factors were associated with BTSCC levels across 
the 7-state region. Concern over mastitis, financial 
consequences of mastitis, and increased previous-year 
BTSCC were associated with higher current BTSCC 
levels. Obtaining information about mastitis from 
veterinarians and extension personnel, taking action 
against mastitis at a BTSCC less than 300,000 cells/
mL, and perceived ability to control processes and mas-
titis incidence were associated with reduced BTSCC. 

We found average BTSCC was lower in North Caro-
lina and Virginia. These results suggest that proactive 
producers (i.e., those that perceive they can control 
BTSCC and seek information from reliable sources), 
were more likely to report lower BTSCC. As a result, 
it may be possible to achieve improved milk quality, 
evident from lowered BTSCC, across the region.
Key words: attitudes, concern, mastitis, milk

INTRODUCTION

Bovine mastitis is an inflammation of the mammary 
gland most commonly caused by a bacterial infection. 
Mastitis is one of the most common diseases affect-
ing dairy cattle (Pighetti and Elliott, 2011). Clinical 
mastitis cases generally reduce milk production and 
exhibit the typical signs of infection, including swelling, 
redness, heat, and pain upon touch (National Mastitis 
Council, 1999). Detection of subclinical mastitis infec-
tions rely on measuring the SCC of milk, an indicator 
of milk quality (Oliver et al., 2004). Although other 
measures of milk quality, such as standard plate count, 
provide valuable information, dairy farm operators re-
ceive bulk tank SCC (BTSCC) reports with each milk 
shipment, resulting in a high awareness of this aspect of 
milk quality. The SCC indicates the degree of immune 
cell influx in the mammary gland (Pighetti and Elliott, 
2011). A milk SCC concentration exceeding 200,000 
cells/mL generally indicates cows have an underlying 
intramammary infection, whereas milk with a SCC 
of less than 200,000 cells/mL indicates that cows are 
adequately managing pathogen exposure, and SCC less 
than 100,000 cells/mL generally indicates mammary 
glands free of infection (Pighetti and Elliott, 2011).

Mastitis is a worldwide problem in dairy cows. Dam-
age costs to the US dairy industry exceed $1 billion 
annually (Ott, 1999; Jones and Bailey, 2009). Although 
the exact economic cost of mastitis varies across studies, 
Liang et al. (2017) recently estimated the average cost 
of mastitis to be in the range of $326 per case for pri-
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miparous cows and $427 per case for multiparous cows. 
The costs associated with mastitis include reduced milk 
production, discarded milk, higher veterinarian costs, 
higher labor costs, and the culling of cows (Hogeveen 
and Osteras, 2005; Jones and Bailey, 2009; Cha et al., 
2011; Liang et al., 2017).

To prevent economic losses, dairy operators can 
implement numerous management practices during lac-
tation to treat and reduce mastitis prevalence in their 
herds. Typical practices include early dry off of affected 
udder quarters, treating clinical and subclinical mas-
titis, culling cows with clinical or subclinical mastitis, 
and maintaining barn and milking hygiene (Hogeveen 
and Osteras, 2005); however, the adoption of prevention 
practices may be selective and limited (Olde Riekerink 
et al., 2005). Mastitis reduction results in increased net 
returns to farmers (Allore and Erb, 1998; Yalcin et al., 
1999; Jones and Bailey, 2009; Cha et al., 2011); accord-
ingly, monetary incentives play a role in the adoption of 
best practices to manage SCC. However, nonpecuniary 
factors, including taking pleasure in ensuring animal 
health and quality of life, may be equally motivating to 
reduce mastitis (Valeeva et al., 2007).

A growing body of literature worldwide has examined 
the association between mastitis management practices 
and BTSCC (e.g., Yalcin et al., 1999; Norman et al., 
2000; Rodrigues and Ruegg, 2005; Valeeva et al., 2007; 
Wenz et al., 2007; Jansen et al., 2009; Schewe et al., 
2015). A survey of Dutch dairy farms reported that 
farmer attitudes and behavior explained variation in 
the incidence of mastitis and BTSCC (Jansen et al., 
2009). Wenz et al. (2007) used data collected by the 
US National Animal Health Monitory System Dairy 
to examine the associations between BTSCC and herd 
management practices. More recently, Schewe et al. 
(2015) conducted a survey of dairy farmers in Florida, 
Michigan, and Pennsylvania to determine farmer be-
liefs and attitudes that were associated with bulk tank 
BTSCC.

This research examines how farm structure charac-
teristics, operator characteristics, farm management 
practices, and information sources affect BTSCC of 
dairy farms in the southeastern United States. The 
geographic extent of mastitis, and importantly the 
practices dairy operators use to keep BTSCC low are 
generally unknown for this region. From 1995 to 2010, 
the southeastern United States experienced a 64% de-
cline in the number of dairy farms, lost 47% of its dairy 
cow population, and realized a 37% decline in milk 
production (Herndon, 2011). Furthermore, a recent 
USDA report assessing BTSCC by region using Federal 
Milk Marketing Orders found southeast BTSCC was 
88,000 cells/mL higher than the US average of 230,000 
cells/mL (USDA-APHIS, 2013). Using a representative 

survey of dairy operators across a 7-state region, we 
regressed BTSCC on factors hypothesized to affect 
SCC controlling for farm management practices, the 
information sources producers use to learn about and 
manage mastitis, producer characteristics, and regional 
variation. We examined specifically the BTSCC at 
which producers take action to address BTSCC, the 
information sources producers use to learn about and 
manage BTSCC, farm structure and management at-
tributes, operator characteristics, and farmer attitudi-
nal variables associated with profitability, control, and 
planning horizon.

MATERIALS AND METHODS

Data

A mail survey of permitted, grade A dairy farms in 
Georgia, Mississippi, Kentucky, North Carolina, South 
Carolina, Tennessee, and Virginia was conducted to de-
termine current monthly BTSCC on dairy farms (Table 
1). The survey included questions regarding producer 
experiences, perceptions, and attitudes toward masti-
tis and mastitis management. Operators reported the 
dairy’s current monthly average BTSCC, as well as 
monthly average BTSCC 12 and 36 mo prior. Survey 
mailings occurred in October and November 2013; 4 
attempts at contact were made. The overall response 
rate was 29% (579 completed surveys from operating 
dairies). Surveys were completed by the primary deci-
sion maker of the dairy. Poststratification weights were 
developed to benchmark survey response patterns to 
regional farm population numbers (Lohr, 2010). Sum-
mary statistics and regression analysis were weighted 
with these weighting factors.

The state average and overall average of the surveyed 
dairies current monthly BTSCC appear in Table 1. 
North Carolina dairies reported the lowest monthly 
average BTSCC at 212,940 cells/mL. Mississippi dair-
ies reported the highest monthly average BTSCC at 
383,314 cells/mL. The regional average BTSCC was 
254,479 cells/mL.

Empirical Model

Profit-maximizing producers manage BTSCC by 
maintaining herd health and using hygienic milking 
practices. In the short term, high BTSCC could reduce 
premiums or cause discounts for poor milk quality. 
Over the medium term, high BTSCC could indicate 
mastitis in cows that results in declined herd health, 
loss of milk production, and other added expenses as-
sociated with treating mastitis. Farm solvency could be 
at risk in the long term with respect to productivity, 
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revenue, and reputation. Thus, a decision variable in 
the objective function of profit-maximizing dairy pro-
ducers could be to minimize the incidence of BTSCC 
and, concomitantly, mastitis.

Factors hypothesized to affect BTSCC include mana-
gerial ability, farm business structure, personal attri-
butes, and subjective BTSCC thresholds maintained 
by producers that trigger action to be taken to control 
BTSCC (Table 2). For producer i and period t, we hy-
pothesized BTSCC (btsccit) is explained as a function 
(f) of the following factors:

 btsccit =   

f(btscci,t − 1, FSCi, OCi, FSMi, THRESHi, INFOi, ui),

where FSC are variables associated with farm structure 
characteristics; OC are operator attributes; FSM are 
farm and herd management practices; THRESH indi-
cates a BTSCC reading that elicits producers to take 
action with respect to treating mastitis; INFO identi-
fies information sources used to diagnose, treat, and 
manage mastitis; and ui is a random disturbance term 
beyond the operator’s control. A dairy farm’s average 
monthly BTSCC 1 yr ago (btscct − 1) is hypothesized 
to positively correlate with current monthly average 
BTSCC (Table 2). For example, dairy farms report-
ing high (low) BTSCC 1 yr ago may be more (less) 
likely to report high (low) BTSCC levels. The lagged 
BTSCC variable also conveys information regarding a 
producer’s ability to manage and react to BTSCC.

Farm structure and operator characteristics are con-
sidered fixed because these variables are difficult to 

change in the medium or long term. Variables included 
in FSM, THRESH, and INFO are control variables, 
because they can be adjusted in the short or medium 
term to address high BTSCC or update herd health 
management plans. Discussion of the variables included 
in these components follows.

Farm Structure Characteristics. We hypoth-
esized that larger farms would report lower BTSCC 
because of efficiencies generated by scale economies 
(Kumbhakar et al., 1991), and because previous re-
search in the United States has shown larger herd sizes 
are associated with lower BTSCC (Norman et al., 2000; 
Wenz et al., 2007; Jayarao et al., 2004; Ingham et al., 
2011). Average milk production per day (milkprod) and 
the number of cows managed by an operation prox-
ies scale economies and may be associated with lower 
BTSCC. On average, dairies managed 244 milk cows; 
average milk production per cow was 26 kg/d (Table 2). 
The diversity of the farm operation (ofarm, 1 = other 
nondairy farming) may affect BTSCC. The percent of 
dairies managing farm operations in addition to their 
dairy was 31%. These operators may not consider their 
dairy operations to be their primary income generating 
activity. Research has also shown that off-farm income 
is negatively correlated with dairy operation efficiency 
(Kumbhakar et al., 1991). Producers earning income 
from nonfarm jobs may have less time to spend work-
ing on the dairy. Therefore, we hypothesized that as 
the percentage of a dairy farm’s off-farm income source 
increases (oincome; 1: 0%, 2: 1–25%, 3: 26–50%, 4: 
51–75%, 5: >75%), current BTSCC will be higher. The 
percent of respondents earning income from their farm 
operation only was 52%.

Table 1. Grade A permitted dairy survey response pattern and current monthly bulk tank somatic cell count 
(BTSCC; cells/mL)

State

Survey  
response 
rate (%) n1

BTSCC mean 
(SEM)

Average  
surveyed herd  
size (SEM)

Average state 
herd size2

North Carolina 21.5 49 212,940 221.89 184
   (11,465) (43.75)  
Virginia 30.5 172 226,583 174.70 148
   (7,617) (19.35)  
Kentucky 27.9 158 249,196 88.68 88
   (7,682) (13.00)  
Georgia 17.6 37 256,590 1,105.90 352
   (19,299) (578.89)  
South Carolina 21.4 17 271,956 335.84 200
   (21,993) (87.15)  
Tennessee 24.9 85 309,087 178.27 124
   (13,543) (27.44)  
Mississippi 19.2 16 383,314 131.90 153
   (43,727) (20.78)  
Total 29.0 538 254,479 234.71 204
   (4,940) (57.73)  
1n is the number of surveyed herds reporting BTSCC. 
2Source: Progressive Dairyman (2014).
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Table 2. Variable definitions and hypothesized signs

Variable  Definition  Units  
Hypothesized 
sign

Mean1 
(SEM) n2

Farm structure characteristic     
 btscc2013 BTSCC3 1 yr ago cells/mL + 265,028 538
    (5,141.09)  
 milkprod Average milk production per cow kg/d − 25.56 536
    (0.33)  
 cows Number of cows  − 243.71 561
    (57.73)  
 ofarm 1 if have farm operations not related to dairy  % − 31.23 557
     
 oincome Total income from off farm % +  553
 0%   51.52  
 1–25%   25.01  
 26–50%   8.09  
 51–75%   7.54  
 >75%   7.84  
 penalty 1 if co-op/processor imposes a penalty for exceeding 

BTSCC
− 75.65 521

     
 incentive 1 if co-op/processor imposes an incentive for 

achieving a particular BTSCC
 % − 89.41 550

     
 soleprop 1 if the dairy business is a sole proprietorship  % +/− 59.45 567
     
 partner 1 if the dairy business is a partnership  % +/− 20.16 567
     
Operator characteristic     
 finance Financial consequences of mastitis are worrisome4 − 4.40 556
   (0.03)  
 continue Likelihood you or a family member will operate farm 

in 5 years?5
 − 3.00 555

   (0.05)  
 educ 1 if college degree  % − 24.94 560
 exper Years working on farm divided by age  − 0.54 532
   (0.01)  
 language 1 if the employees speak same language as owner/ 

farm manager
 % +/− 71.49 524

     
Farm management practice     
 milking 1 if in the parlor and doing the milking at almost 

every milking
 % − 48.01 549

     
 concern Factor 1 of the 18 Likert-scale questions regarding 

farmer perceptions of mastitis4
 + 3.57 503

   (0.04)  
 control Factor 2 of the 18 Likert-scale questions regarding 

farmer perceptions of mastitis4
 − 5.14 503

   (0.03)  
 dhia 1 if participates in DHIA testing  % − 40.30 561
     
 electronic 1 if uses an electronic record keeping system for 

tracking mastitis (PC-DART/DairyComp-3056)
 % − 19.82 543

     
     
Action threshold     
 thresh1 Take action: SCC = 100,000 cells/mL  % − 7.02 520
 thresh2 Take action: SCC = 200,000 cells/mL  % − 15.86 520
 thresh3 Take action: SCC = 300,000 cells/mL  % +/− 36.40 520
 thresh4 Take action: SCC = 400,000 cells/mL  % + 33.17 520
 thresh5 Take action: SCC ≥500,000 cells/mL  % + 7.54 520
Information source     
 vet 1 from veterinarian  % − 89.90 557
 producer 1 from another dairy producer  % +/− 76.82 545
 coop 1 from milk cooperative representative  % − 49.37 543
 extension 1 from county agent/extension  % − 31.84 528
 journals 1 from farm journals  % − 58.56 551
 drug 1 from drug company  % − 58.56 551
State indicator     
 ky 1 if Kentucky  % +/− 32.34 565
 sc 1 if South Carolina  % +/− 4.01 565
 va 1 if Virginia  % − 24.65 565
 ga 1 if Georgia  % +/− 9.42 565
 ms 1 if Mississippi  % + 3.37 565
 nc 1 if North Carolina  % − 10.51 565
1The frequency is reported for dichotomous data.
2Number of responses for specific variable.
3BTSCC = bulk tank SCC.
4Scale: 1 = strongly disagree to 5 = strongly agree.
5Scale: 1 = not likely, 2 = somewhat likely, 3 = very likely, 4 = almost certainly.
6PC-DART, Dairy Records Management System, Ames, Iowa, and Raleigh, North Carolina (http:// www .drms .org/ ); DairyComp, Valley 
Agricultural Software, Tulare, California (http:// web .vas .com/ en/ Support).

http://www.drms.org/
http://web.vas.com/en/Support
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Dairy processors or cooperatives may offer incentives 
to maintain low BTSCC (and therefore high-quality 
milk) or penalties for milk with high SCC. If dairy 
processors or cooperatives offer an incentive for a tar-
get BTSCC (incentive, 1 = yes), we expected current 
BTSCC would be relatively low. We hypothesized that 
farmers eligible for milk quality incentives (incentive) 
or who are subject penalties for high BTSCC (penalty, 
1 = yes) would report lower current BTSCC. Dairy op-
erators receiving incentives for producing quality milk 
represented 89%, whereas 76% of the respondents indi-
cated they were penalized for producing poor-quality 
milk.

We were uncertain how the farm’s business structure 
(soleprop and partner, both are binary) would affect 
current BTSCC. However, we hypothesized these entity 
definitions may be correlated with BTSCC because they 
proxy managerial practices. The percent of respondents 
classifying their operation as a sole proprietorship was 
59%, whereas 20% classified their operation as partner-
ships.

Operator Characteristics. Producers were asked 
if they believed mastitis could adversely affect their op-
eration’s financial position. We expected that farmers 
indicating concern over and worried about the financial 
consequences of mastitis on their operation (finance) 
would report lower BTSCC. The variable finance was 
measured with a question regarding how much respon-
dents agreed or disagreed that the financial conse-
quences of mastitis were troublesome (Likert scale; 1 = 
strongly disagree to 5 = strongly agree). On average, 
producers indicated they agreed that the financial con-
sequences of mastitis were troublesome with an average 
response of 4.40.

We hypothesized that current average BTSCC 
would be lower for respondents who expected to be 
operating the dairy in 5 yr (continue). Maintaining 
a reputation for producing quality milk may also be 
perceived as an important component for the future 
solvency of the operation. Producers were asked how 
likely it was they would still be operating a dairy in 5 
yr (Likert scale; 1 = not likely at all to 4 = almost cer-
tainly). Producers generally anticipated they would be 
operating their dairy in 5 yr, with an average across 
the respondents of 3.0. We expected lower BTSCC on 
dairies where producers anticipated operating over the 
next 5 yr.

Kumbhakar et al. (1991) found that dairy farm 
productivity was positively associated with education. 
We hypothesized that dairy farmers with a college 
education (educ, 1 = yes) would report lower BTSCC. 
The percent of producers who earned a college degree 
was 25%. We constructed an experience index (exper) 
equal to the total number of years the operator made 

dairy managerial decisions divided by the individual’s 
age (Lambert et al., 2014). We expected higher levels 
of exper would reflect accumulated knowledge about 
managing herd health and would be associated with 
lower BTSCC. The average experience index was 0.54.

A variable was included indicating that the man-
ager and workers speak the same language (language, 
1 = yes). We were uncertain how this variable would 
correlate with current average BTSCC. A priori, one 
might hypothesize that when managers and employees 
speak the same language the risks of misunderstand-
ing instructions and work orders would be minimized, 
which could contribute to maintaining parlor hygiene. 
However, speaking the same language does not neces-
sarily imply that interlocutors mutually comprehend 
the concepts or ideas one intends to communicate. The 
percent of primary operators speaking the same lan-
guage as their employees was 71%.

Farm Management Practices. We hypothesized 
that individuals present in parlors during milking and 
actively engaged in milking (milking, 1 = yes) would 
report lower BTSCC. Individuals able to commit time 
to the hands-on management of their operation may be 
more attentive to parlor hygiene and, therefore, report 
lower average BTSCC. The percent of operators pres-
ent during milking was 48%.

We analyzed a set of Likert-scale questions pertain-
ing to farmer perceptions of mastitis and its manage-
ment (Table 3) to generate summary factors associated 
with perceived control over and concern about mastitis. 
Previous research determined farmer attitudes and be-
havior accounted for as much of 48% of the variation 
in BTSCC (Jansen et al., 2009). Factor scores were 
estimated using principal component analysis (PCA). 
An example of a question is, “Please indicate the extent 
to which you disagree or agree with each of these state-
ments: Bad luck plays an important role in mastitis 
outbreaks.” Response options ranged from 1 = strongly 
disagree to 5 = strongly agree. Given the Likert-scale 
nature of these questions, the factors were estimated 
using polychoric PCA (Kolenikov and Ángeles, 2004). 
Following Johnson and Wichern (2002), we considered 
statements with a rotated factor loading of an absolute 
value of 0.40 or greater as relevant to the factor. Cron-
bach’s α indicates the reliability of the factors (i.e., 
how closely related the questions are as a group); an 
α between 0.5 and 0.6 is considered unreliable. An ac-
ceptable grouping was indicated when the parameter 
ranged between 0.6 and 0.7; strong groupings are indi-
cated by α parameters above 0.7 (George and Mallery, 
2003). Cronbach’s α for factor 1 and factor 2, when 
considering statements with a rotated factor loading 
with an absolute value of 0.40 or greater, was 0.73 and 
0.65, respectively.
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The PCA resulted in 2 dominant common factors 
(Table 3). Factor 1, concern, absorbed questions such as 
“Mastitis causes are difficult to manage” and “Mastitis 
seems to persist despite my efforts to control it.” The 
average score for concern was 3.57. Factor 2, control, 
included questions such as “My milking practices play 
an important role in mastitis outbreaks.” The average 
score for control was 5.14. We hypothesized that farm-
ers who are more concerned (higher scores on the con-
cern factor) about mastitis would have higher BTSCC. 
Conversely, we believed that farmers who believe they 
have more control over their mastitis prevention prac-
tices (higher scores on the control factor) would have 
lower BTSCC.

Computerized record keeping may provide early and 
more accurate detection of mastitis. Participation in 
dairy enhancement programs may also provide produc-
ers a network for detecting, preventing, and managing 
mastitis outbreaks. We hypothesized that if the respon-
dent participated in a DHIA testing program (dhia, 1 = 
yes), their current average BTSCC would be lower. The 
percent of operators participating in a DHIA was 40%. 
Operators using electronic tracking systems to monitor 
mastitis (electronic, 1 = yes) may be able to detect 
and treat high BTSCC earlier, resulting in lower cur-
rent BTSCC if steps are taken to manage cell counts. 
Electronic records systems were adopted by 20% of the 
respondents.

Action Thresholds. We hypothesized that produc-
ers who typically implement actions to manage BTSCC 
at relatively lower BTSCC readings would, on average, 
report lower average BTSCC. Producers were asked at 
what BTSCC they take action to manage mastitis. For 
example, when farmers implement measures to manage 
mastitis as indicated by the BTSCC reading of thresh1 
= 100,000 (score of 1, 0 otherwise), we hypothesized 
the reported current average BTSCC would be lower. 
Alternatively, if the producer’s BTSCC management 
action threshold was thresh4 = 400,000 (score of 1, 0 
otherwise), then the reported current average BTSCC 
would be higher. There were 7 possible categories pro-
vided to respondents in intervals of 100,000 cells/mL. 
The top 3 categories, 500,000, 600,000, and >700,000 
cells/mL, were combined into the single category of 
>500,000 cells/mL. This category is a reference group 
for the regression analysis that follows. Most (36%) 
operators stated a target BTSCC management thresh-
old of 300,000 cells/mL, and 59% of the operators 
implemented action to address SCC when BTSCC was 
≤300,000 cells/mL.

Information Sources. We hypothesized that dairy 
farmers who obtain information about mastitis from 
veterinarians (vet), milk cooperative representatives 
(co-op), county agents/extension representatives and 

online extension information (extension), farm journals 
(journals), and drug companies (drug) would report 
lower BTSCC (all binary variables). The number of 
producers using veterinarians and co-op representa-
tives as information sources for mastitis was 90 and 
49%, respectively. Fifty-nine percent of the respondents 
consulted farm journals for information about mastitis. 
The number of producers consulting extension spe-
cialists was 32%. The expected relationship between 
current average BTSCC and the use of other farmers 
(producer, 1 = yes) as an information source on masti-
tis is uncertain. If producers are knowledgeable about 
mastitis and they share information with peers on how 
to manage it, then we would expect the relationship 
to be negative. If, on the other hand, the information 
conveyed by peers about mastitis were inaccurate, then 
the relationship would be positive. The percent of pro-
ducers using farmer peers as information sources about 
mastitis was 77%.

State Fixed Effects. State dummy variables are in-
cluded to control for state-effects omitted in the survey, 
such as policies, costs and prices, and other unobserved 
factors. Examination of the state level summary sta-
tistics (Table 1) suggests that Virginia (va) and North 
Carolina (nc) dairies would likely have a significantly 
lower monthly average BTSCC than other dairies across 
the combined region.

Methods

Least Squares Regression. We assumed a linear-
additive relationship between current average BTSCC 
and the covariates. For operator i, monthly average 
BTSCC (btscc2014) was regressed on the lag of monthly 
average BTSCC (btscc2013), farm structure and operator 
characteristics, action threshold levels, farm manage-
ment practices, information sources, and state dummy 
variables:

 btscci,2014 = β0 + ρ · btscci,2013 + FSCi + OCi + FSMi   

 + THRESHi + INFOi + STATEi + ui, [2]

with antecedents

 (a) Farm structure: FSCi = β1 · milkprodi + β2 · cowsi 
+ β3 · penaltyi + β4 · incentivei + β5 · oincomei + 
β6 · ofarmi + β7 · solepropi + β8 · partneri,

 (b) Operator characteristics: OCi = β9 · languagei + 
β10 · continuei + β11 · educi + β12 · experi + β13 · 
financei,

 (c) Farm management practices: FMPi = β14 · 
milkingi + β15 · concerni + β16 · controli + β17 · 
dhiai + β18 electronici,
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 (d) Action threshold: THRESHi = β19 · thresh1i + 
β20 · thresh2i + β21 · thresh3i + β22 · thresh4i,

 (e) Information sources: INFOi = β24 · veti + β25 · 
produceri + β26 · coopi + β27 · extensioni + β28 · 
journali + β29 · drugi, and

 (f) State fixed effects: STATEi = β30 · kyi + β31 · sci 
+ β32 · vai + β33 · gai + β34 · msi + β35 · nci,

where ui is an independent and identically distributed 
(iid) error term with mean zero and constant variance, 
and β0 to β35 are coefficients corresponding with the 
independent variables. Tennessee is the reference group 
for the state fixed effects. The coefficient ρ is the pro-
portional contribution of the previous BTSCC count to 
the current count. As Wooldridge (2006) demonstrate, 
the lagged monthly BTSCC is correlated with the er-
ror term. Estimating the linear model with ordinary 
least squares would generate biased and inconsistent 
parameter estimates and standard errors. We used an 
instrumental variable regression procedure to attend to 
the endogeneity of the lagged SCC. The instrumental 
variables were the BTSCC reported by the operator 
in 2011 (btscc2011) and the dairy’s goal for maintaining 
their herd at or below a level (as a percent of the herd) 
infected with clinical mastitis (goal). The goal variable 
was categorical, with 7 levels (1 = 5%, 2 = 10%, 3 = 
15%…7 = 40%). The average BTSCC reading for 2011 
was 319,786 cells/mL, and the average of the goal index 
was 1.37.

We estimated equation 2 with a 2-step general meth-
od of moments estimator (Hansen, 1982; Baum et al., 
2010). The main effect estimates and standard errors 
of this estimator are robust to arbitrary forms of het-
eroscedasticity. Instrument validity was determined us-
ing several statistics. Underidentification was assessed 
using Kleibergen and Paap’s (2006) Lagrange multiplier 
reduced rank statistic. The null hypothesis was that the 
instruments excluded from equation 2 were irrelevant. 
Rejection of the null hypothesis suggested the model 
was identified. The second key assumption was that the 
excluded instruments, goal and btscc2011, were correlated 
with btscc2013. This assumption was tested using Klei-
bergen and Paap’s (2006) rank F statistic. Rejection 
of the null hypothesis (weak instruments) suggested 
the excluded instruments were sufficiently correlated 
with btscc2013. The third key statistic was that goal and 
btscc2011 were uncorrelated with ui. This null hypothesis 
was tested using Hansen’s (1982) J statistic.

Collinearity Diagnostics. Variance inflation fac-
tors (VIF; Gujarati and Porter, 2009) and collinearity 
conditions indexes (Belsley et al., 1980) were calculated 
to evaluate the degree to which multicollinearity may 
affect the sign of the main effect estimates and inflation 

of the standard errors. We used a VIF cut-off of 10 and 
a collinearity conditions index of 30 to gauge the extent 
to which multicollinearity might be compromising the 
estimates.

Linear Contrasts and Comparisons. All (0,1) 
variables were orthogonally restricted, such that the 
model intercept (β0) is the conditional mean of average 
current BTSCC across all states (Lentner and Bishop, 
1993). For example, the dummy variable for state s (ds) 
is transformed as rs = ds − dref, where dref is a reference 
state. For state s, the average BTSCC, holding other 
factors constant, was µs = β0 + βs. For the reference 
group, µref = β0 − Σsβs. For other indicator variables, 
the average effect of using extension as a source of in-
formation about mastitis on BTSCC, for example, was 
estimated as µ = β0 + β20. Standard errors of these 
linear combinations were estimated with the delta 
method.

RESULTS

Table 4 reports the regression results. The mean VIF 
was 2.49, with a maximum value of 8.02. The collin-
earity condition index was 32.46. Collinearity does not 
appear to be a problem with respect to coefficient signs 
and the size of the standard errors. The Kleibergen and 
Paap (2006) Lagrange multiplier statistic is significant 
at the 1% level (Lagrange multiplier = 37.98), indicating 
that the excluded instruments (goal and btscc2011) are 
relevant for explaining the lagged dependent variable, 
btscc2013. The Kleibergen and Paap (2006) F-statistic (F 
= 20.57) exceeds the Stock and Yogo (2005) critical val-
ues at the 10% validity level (Fcrit = 19.93). Therefore, 
we rejected the null hypothesis that the instruments 
were weak (i.e., uncorrelated with the lagged BTSCC 
variable; Baum et al., 2007). The null hypothesis that 
the instruments were orthogonal to the model residuals 
could not be rejected at any conventional level (Han-
sen’s J = 0.09, P = 0.77). These diagnostics suggest 
that the model was identified and the instruments were 
valid, supporting the use of the 2-step general method 
of moments estimator. The model explained 65% of the 
variation in current average BTSCC.

Farm Structure Characteristics

The lagged BTSCC (btscc2013) was a positive pre-
dictor of current year (2014) BTSCC. Holding other 
factors constant, average BTSCC in the year before 
the survey contributed to about 30% of the cell count 
per milliliter in 2014 (P < 0.10). Milk quality incen-
tives and penalties were, ceteris paribus, uncorrelated 
with BTSCC during the survey year. Dairy size and 



9306 DELONG ET AL.

Journal of Dairy Science Vol. 100 No. 11, 2017

productivity were unimportant with respect to explain-
ing BTSCC. If a dairy was a sole proprietorship or a 
partnership as opposed to a corporation or other entity 
type, it had lower BTSCC. If a dairy had farm opera-
tions not related to their dairy, it had higher BTSCC. 
Off-farm income was uncorrelated with BTSCC.

Operator Characteristics

Several operator characteristics explain current aver-
age levels of BTSCC. The BTSCC was higher (11,646 
cells/mL, P < 0.10) when dairy farm employees spoke 
the same language as the primary decision maker. Re-

Table 4. Linear regression: determinants of current bulk tank SCC (cells/mL; n = 252)

Item Coefficient SE1

Farm structure characteristic
 btscc2013 0.30* 0.16
 milkprod 365.75 767.35
 cows 1.42 6.70
 penalty2 −4,456 5,858
 incentive2 −1,106 6,685
 income −1,273 4,209
 ofarm2 11,366* 6,119
 soleprop3 −15,258*** 5,346
 partner3 −11,018* 6,647
Operator characteristic   
 language2 11,646* 6,293
 continue −12,933*** 4,829
 educ2 −8,692 5,395
 exper −4,4637 27,283
 finance 10,548* 5,871
Farm management practice   
 milking2 −14,382** 6,179
 Factor 1: concern 17,706* 10,301
 Factor 2: control −19,167*** 6,661
 dhia2 −831 4,885
 electronic2 2,981 6,472
Action threshold4   
 thresh1 −68,511* 38,009
 thresh2 −65,513** 31,689
 thresh3 −57,012** 27,930
 thresh4 5,114 24,009
Information source2   
 vet −26,110** 12,615
 producer 6,417 5,705
 coop 5,692 5,857
 extension −9,047* 5,231
 journals 3,167 5,164
 drug 2,608 4,751
State indicator5

 ky −21,339 13,817
 sc 29,103 28,472
 va −23,323** 10,577
 ga −1,543 19,206
 ms 62,507 44,717
 nc −52,251*** 13,071
Constant 271,832*** 78,972
Under identification test Kleibergen-Paap Lagrange multiplier statistic 37.98***
Weak identification test Kleibergen-Paap F test 20.57
Stock-Yogo weak identification critical values: 10% maximum instrumental 
variable size

19.93

Hansen J test over identification test of all instruments 0.085
χ1

2 P-value, J test 0.77
1SE is the robust regression standard error. Adjusted R2 = 0.65. Mean variance inflation factors = 2.49.
2Coded as 1 if selected and −1 otherwise.
3Compared to a corporation or other entity definition.
4Compared to action not being taken until BTSCC is 500,000 cells/mL or greater.
5Tennessee is the reference group. Conditional mean bulk tank SCC for Tennessee is 278,678 ± 78,972 (mean 
± SE). 
*P < 0.10, **P < 0.05, ***P < 0.01.
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spondents who expected to operate (or who expected 
a family member to operate) the dairy after 2019 re-
ported, on average, lower BTSCC (−12,933, P < 0.01). 
Respondents who worried about the financial conse-
quences of mastitis reported higher BTSCC (10,548 
cells/mL, P < 0.10). This could be explained if farmers 
who had mastitis problems also had greater financial 
concerns regarding the consequences of mastitis. Cur-
rent average BTSCC was uncorrelated with earning a 
college degree.

Farm Management Practices

All else equal, respondents who monitored the parlor 
during and participated in milking had a lower BTSCC 
(−14,382, P < 0.01). The factor scores that proxy gen-
eral anxiety about (concern) and perceived control over 
(control) mastitis were significantly correlated with 
current average BTSCC. A 1 standard deviation in-
crease in concern corresponded with a 17,706 cells/mL 
increase in BTSCC (P < 0.10). A 1 standard deviation 
increase in perceived control over mastitis was associ-
ated with a 19,167 cells/mL decrease in BTSCC (P < 
0.01). Participation in a DHIA and the use of electronic 
record-keeping systems were uncorrelated with current 
average BTSCC.

Action Thresholds

Producers taking action to reduce BTSCC at tank 
readings of 100,000, 200,000, or 300,000 reported lower 
average BTSCC (Table 4 and Figure 1). The BTSCC 

progressively decreased when producers took action to 
treat mastitis at lower BTSCC levels. The BTSCC of 
producers treating mastitis at the 300,000 and below 
threshold were not different (P = 0.79). We found 
greater variability in the BTSCC of producers treat-
ing for mastitis at levels above 300,000 cells/mL. The 
BTSCC reading of producers treating their herd for 
mastitis when tank readings were ≤300,000 (mean ± 
SE; 208,153 ± 64,337) was significantly lower than pro-
ducers treating mastitis above this threshold (274,389 
± 76,887; P < 0.01).

Information Sources

Dairy operators receiving information from veteri-
narians about the detection, management, and treat-
ment of mastitis reported lower BTSCC concentrations 
(−26,110 cells/mL, P < 0.05). Operators who consulted 
extension also reported lower average BTSCC (−9,047 
cells/mL, P < 0.10). The other sources of information 
pertaining to the management and treatment of mas-
titis included were uncorrelated with current average 
BTSCC.

State-Average BTSCC

The conditional average current BTSCC across all 
states was 271,832 ± 78,972 cells/mL (estimate ± SE, 
Table 4). The current average BTSCC reported by 
producers in Virginia and North Carolina were signifi-
cantly lower than the average across all dairy operators 
surveyed [−23,323 (P < 0.05) and −52,251 cells/mL 

Figure 1. Bulk tank somatic cell counts (BTSCC; cells/mL) and action thresholds. Lines on bars are SE of the estimate. Note: K = 1,000.
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(P < 0.01), respectively]. For example, Virginia had 
an average BTSCC of 248,509 (constant term + va 
coefficient) compared with the regional average of a 
BTSCC of 271,832. The state-average BTSCC reported 
by producers in other states were not different from the 
combined, regional average.

DISCUSSION

Several studies worldwide have examined how mas-
titis management practices affect BTSCC manage-
ment (e.g., Yalcin et al., 1999; Norman et al., 2000; 
Rodrigues and Ruegg, 2005; Valeeva et al., 2007; Wenz 
et al., 2007; Jansen et al., 2009; Schewe et al., 2015). 
Our study contributes to this body of research by ana-
lyzing primary survey data of dairy farms in Georgia, 
Mississippi, Kentucky, North Carolina, South Carolina, 
Tennessee, and Virginia. The analysis determined how 
farm business and operator variables affect BTSCC in 
a southeastern US dairy herd. Recently in the United 
States, Schewe et al. (2015) analyzed a survey that ex-
amined producer attitudes and operational characteris-
tics affecting BTSCC management in Michigan, Penn-
sylvania, and Florida diaries. We contributed to this 
existing body of literature by exploring factors affecting 
BTSCC in the southeastern United States, a region as-
sociated with a recent large-scale decline in dairy pro-
duction (Herndon, 2011) and higher average BTSCC 
levels than the US average (Wenz et al., 2007; USDA-
APHIS, 2013). Our findings support those reported by 
USDA-APHIS (2013) and Wenz et al. (2007), who also 
found southeastern dairies to have elevated BTSCC 
compared with other regions of the United States. We 
found that the average BTSCC among surveyed dair-
ies was 254,479 cells/mL, which is much higher than 
those reported in Florida, Michigan, and Pennsylvania 
dairies (186,000 cells/mL; Schewe et al., 2015). Our 
finding also corroborates research by Herndon (2011), 
who postulated that the decline in milk production in 
the southeast is partially due to on-farm factors, such 
as slower rates of productivity gains in southeastern 
cows compared with national averages. Furthermore, 
we found that higher previous-year BTSCC levels were 
associated with higher levels of current-year BTSCC. 
This positive correlation suggests that producers with 
consecutive years of elevated BTSCC may not be fully 
adopting or implementing the numerous best practice 
control measures that could be used to reduce BTSCC. 
Olde Riekerink et al. (2005) found that, even though 
mastitis management practices are available to Cana-
dian producers, operators did not always fully adopt 
these tools. Results from Olde Riekerink et al. (2005) 
provide a possible explanation as to why the producers 
surveyed in the southeastern states experienced elevat-

ed BTSCC levels in consecutive years. For example, 
despite knowledge that BTSCC levels were high in a 
previous year, producers may not have fully adopted 
all available mastitis-control practices to lower BTSCC. 
Results of the current study also found that if the dairy 
had farm operations unrelated to their dairy, BTSCC 
levels were higher. It is possible that producers with 
operations in addition to their dairy may not be adopt-
ing all available mastitis-management tools because 
they may not consider their dairy operations as their 
primary income-generating activity and do not monitor 
its performance as closely.

Variables used to proxy the size of the surveyed dairy 
farm (i.e., dairy herd size and average milk production) 
were unimportant with respect to explaining BTSCC 
among dairies in southeastern states. Previous litera-
ture regarding the association between herd size and 
BTSCC is mixed. In Ireland and the United Kingdom, 
Archer et al. (2013) found that as herd size increased, 
BTSCC also increased. In Canada, Elmoslemany et al. 
(2010) found that bulk tank coliform count, which is 
also a measure of milk quality, was higher for larger 
herd sizes. Other US studies found that larger herds 
are associated with lower BTSCC (Norman et al., 2000; 
Jayarao et al., 2004; Wenz et al., 2007; Ingham et al., 
2011); however, Schewe et al. (2015) did not establish 
any association between the number of cows on a dairy 
and BTSCC in Florida, Michigan, and Pennsylvanian 
dairies in their general population model. Among re-
spondents with employees, Schewe et al. (2015) found 
that herds with greater than 600 cows tended to have 
higher BTSCC levels.

In our study, education and on-farm experience were 
unrelated to BTSCC. Schewe et al. (2015) found that 
among farms with nonfamily employees, respondents 
with more years of experience on the dairy farm were 
associated with higher farm BTSCC. In the current 
study, farms expected to be in operation in 5 yr were 
associated with lower BTSCC. This is consistent with 
expectations given farms with better medium-term 
financial health are likely have lower BTSCC because 
mastitis reduction results in increased profits (Allore 
and Erb, 1998; Yalcin et al., 1999; Jones and Bailey, 
2009; Cha et al., 2011).

Respondents who worried about the financial conse-
quences of mastitis were associated with higher BTSCC, 
which is opposite what we hypothesized. Nonetheless, 
this finding is logical, as individuals who have problems 
with mastitis may be more worried about its financial 
consequences because mastitis causes increased costs 
(Ott, 1999; Jones and Bailey, 2009; Cha et al., 2011; 
Liang et al., 2017). Valeeva et al. (2007) also found 
that economic motivations are strongly associated 
with actions to manage mastitis. Dairy farm employees 
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speaking the same language as the primary decision 
maker resulted in higher BTSCC. This result is per-
haps counterintuitive, but Schewe et al. (2015) found 
in Michigan, Pennsylvania, and Florida that English-
speaking respondents were associated with higher dairy 
BTSCC compared with non-English respondents.

In terms of farm management practices, respondents 
who monitored the parlor during milking and partici-
pated in milking had a lower BTSCC. This implies that 
a hands-on managerial approach could help curb the 
incidence of mastitis. Unexpectedly, participation in a 
DHIA and the use of electronic record-keeping systems 
were not related to BTSCC. The concern factor, which 
included survey questions such as “Mastitis causes are 
difficult to manage,” was related to higher BTSCC. 
This is consistent with expectations considering farmers 
concerned about mastitis likely are faced with mastitis 
problems on their farms. Meanwhile, the control factor, 
which included survey questions such as “My milking 
practices play an important role in mastitis outbreaks,” 
was related to lower BTSCC. This result was expected 
considering farmers who take responsibility of control-
ling for mastitis would be more likely to adopt available 
mastitis control practices (Hogeveen and Osteras, 2005) 
and be associated with lower BTSCC. The result that 
both factors of the attitudinal scales were significant in 
explaining BTSCC is consistent with previous surveys 
(Jansen et al., 2009; Schewe et al., 2015).

The BTSCC was progressively lower when producers 
took action to treat mastitis at lower BTSCC levels. 
This is consistent with Schewe et al. (2015), who found 
that farms had higher BTSCC if they only became con-
cerned about mastitis when BTSCC was greater than 
300,000 cells/mL. Farmers who obtained mastitis man-
agement information from veterinarians and extension 
personnel had lower BTSCC. This is consistent with 
the meta-analysis of Baumgart-Getz et al. (2012) of 
farm technology adoption literature, which found that 
access to and the quality of information was strongly 
associated with farmers’ adoption of best management 
practices.

Finally, it was found that dairies located in North 
Carolina and Virginia had lower BTSCC than the other 
surveyed states. However, both of these states had 
BTSCC greater than the average BTSCC level that 
Schewe et al. (2015) reported for Florida, Michigan, 
and Pennsylvania dairies. Our study is the first known 
survey-based study to examine how farm character-
istics and management practices are associated with 
BTSCC in the southeastern United States. Continued 
research regarding why southeastern US dairies have 
higher BTSCC levels than dairies in other US regions is 
important to gauge producers’ level of proactive man-

agement of BTSCC, as demand for higher-quality milk 
increases and dairy profit margins continue to narrow.

CONCLUSIONS

The goal of this research was to determine the 
farm business and operator variables associated with 
BTSCC in southeastern US dairy herds. We found that 
higher previous-year BTSCC levels, managing farm 
operations not related to the dairy, using a common 
language on the farm, considering the financial conse-
quences of mastitis worrisome, and concern about the 
occurrence of mastitis were related to higher BTSCC 
on dairies. We found dairies that were sole proprietor-
ships or partnerships as opposed to a corporation or 
other entity type, dairies that were likely to be operat-
ing in 5 yr, and dairies that had a primary decision 
maker actively in the barn at each milking had lower 
BTSCC. Additionally, operations exhibiting perceived 
control over mastitis, who took action against mastitis 
at a BTSCC less than 300,000 cells/mL, received in-
formation from veterinarians and extension personnel 
about mastitis, and were located in North Carolina 
or Virginia had lower BTSCC. These results provide 
information regarding the importance of farm struc-
ture characteristics, operator characteristics, farm 
management practices, and information sources on the 
management of BTSCC in southeastern US dairies. In 
general, results suggest that proactive producers (i.e., 
those that perceive they can control BTSCC and seek 
information from reliable sources) were more likely to 
have lower BTSCC. Further implementation of these 
proactive procedures may help improve milk quality, as 
evidenced by lowered BTSCC, across the southeastern 
United States.
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