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ABSTRACT

The objective of this scoping review was to charac-
terize all available literature on modifiable management 
practices used during the dry period that have been 
evaluated for their effects on udder health in dairy 
cattle during the dry period and the subsequent lacta-
tion. Five databases and two conference proceedings 
were searched for relevant literature. Articles published 
in or after 1990 were eligible for inclusion. Eligible in-
terventions or exposures were restricted to modifiable 
management practices; however, antimicrobial and teat 
sealant products were enumerated but not further char-
acterized, as systematic reviews have been published 
on this topic. Other modifiable management practices 
were reported in 229 articles. Nutrition (n = 79), which 
included ration formulation and delivery (n = 44) and 
vitamin and mineral additives (n = 35), was the most 
commonly reported practice, followed by vaccines (n 
= 40) and modification of dry period length (n = 27). 
Risk of clinical mastitis (CM) was the most commonly 
reported outcome (n = 151); however, reporting of 
outcome risk periods varied widely between articles. 
Cure of existing intramammary infections (IMI) over 
the dry period (n = 40) and prevention of new IMI 
over the dry period (n = 54) were most commonly 
reported with a risk period between calving and 30 d 
in milk. Future systematic reviews with meta-analyses 
could target management practices such as nutrition, 
vaccines, and dry period length to quantify their effects 
on improving udder health during the dry period and 
early lactation. However, the variation in reporting of 
time at risk for CM and other outcomes challenges the 
ability of future synthesis work to inform management 
decisions on the basis of efficacy to cure or prevent IMI 
and CM. Consensus on which core outcomes should 

be evaluated in mastitis research and the selection of 
consistent risk periods for specific outcomes in animal 
trials is imperative.
Key words: dry cow, management, mastitis, 
intramammary infection, dry period

INTRODUCTION

The dry period following lactation represents the time 
dairy cows are most at risk for developing IMI (Halasa 
et al., 2009a). The presence of IMI during the dry pe-
riod also increases the risk of clinical mastitis (CM) in 
the subsequent lactation, most commonly during the 
first 30 to 60 DIM (Pantoja et al., 2009). A traditional 
approach to decrease the impact of IMI and CM on 
milk quality and quantity in the subsequent lactation is 
the use of long-acting intramammary antimicrobials at 
dry-off (DO). However, concern over the prudent use 
of antimicrobials in agriculture (World Organisation for 
Animal Health, 2019) has informed the need to assess 
the efficacy of additional management practices that 
can be used to protect udder health during the dry 
period, either in addition to or in place of antimicrobial 
dry cow products.

Dairy cattle experience some form of management 
changes when entering the dry period (Zobel et al., 
2015). The majority of the published literature regard-
ing management practices that improve udder health 
around the time of drying off center around intramam-
mary antimicrobials (Dingwell et al., 2003b; Halasa et 
al., 2009a,b) and teat sealants (Berry and Hillerton, 
2002; Halasa et al., 2009a; Rabiee and Lean, 2013). 
However, other management strategies have been 
evaluated for their effects on udder health, including 
method of milk cessation (Dingwell et al., 2003a; Vilar 
and Rajala-Schultz, 2020) and bedding and housing of 
dry cows (Dufour et al., 2011). Systematic reviews and 
meta-analyses have assessed the impact of adjusting 
dry period length on the risk of CM (van Knegsel et al., 
2013) as well as the effects of antimicrobials (Winder 
et al., 2019a) and teat sealants (Dufour et al., 2019; 
Winder et al., 2019b) given at DO to prevent IMI and 
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mastitis postcalving, and a meta-analysis assessing the 
effect of DO antimicrobials, teat sealants, and vaccines 
in nulliparous heifers has been published (Naqvi et 
al., 2018). Other aspects of dry cow management have 
also been evaluated for their effects on udder health in 
multiparous cows, including strategies for cessation of 
lactation, bedding materials, hygiene of the environ-
ment, standing behavior following dry cow therapy, 
vaccinations, fly control, and nutrition (Green et al., 
2007). With increased scrutiny on use of antimicrobi-
als in food animals, a need exists to characterize all 
literature regarding modifiable management practices 
of dairy cattle during the dry period that have been 
evaluated for their influence on udder health.

Scoping review methodology is used to characterize 
the range of available literature for broad research ques-
tions, determine the value of undertaking a systematic 
literature review, provide a high-level summary of re-
search findings, and identify gaps in existing literature 
(Arksey and O’Malley, 2005). Currently, no scoping 
review has characterized literature reporting modifi-
able management practices that can be implemented 
at drying off to improve udder health in dairy cattle. 
Understanding the efficacy of management practices 
that can be modified during the dry period of lactation 
is essential to help producers maintain good animal 
health and milk quality while supporting the prudent 
use of antimicrobials in agriculture. This scoping review 
will provide an indication of the feasibility of a sys-
tematic literature review and meta-analysis of areas of 
dry cow management and will identify gaps in existing 
literature.

The objective of this scoping review was to charac-
terize all available literature on modifiable management 
practices used during the dry period that have been 
evaluated for their influence on udder health in dairy 
cattle, during both the dry period and the subsequent 
lactation.

MATERIALS AND METHODS

Protocol and Registration

A scoping review protocol was published in the online 
University of Guelph repository and can be accessed 
at https: / / atrium .lib .uoguelph .ca/ xmlui/ bitstream/ 
handle/ 10214/ 17788/ McMullenProtocol _DryCowMgm 
_PROTOCOL .pdf ?sequence = 1 & isAllowed = y. Manu-
script preparation followed the reporting guidelines of 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses extension for scoping reviews (Tric-
co et al., 2018). This scoping review followed the frame-
work proposed by Arksey and O’Malley (2005). There 
were no protocol deviations in this scoping review.

Eligibility Criteria

Eligible articles were published in English and report-
ed results of analytic observational studies, controlled 
trials, or challenge trials. Articles had to be ≥500 words 
and published within the last 30 years (i.e., January 
1, 1990, to February 18, 2020). Genetic selection has 
produced dairy cows that are capable of superior milk 
production, compared with their historical ancestors 
(USDA, 2004; Dobson et al., 2007; Barkema et al., 
2015), and significant advances in disease prevention 
have been achieved over the last 30 years (LeBlanc et 
al., 2006). Therefore, restricting the publication date 
ensured that this scoping review included data that 
were temporally relevant.

A population of dairy cattle at cessation of lactation, 
and an intervention or exposure to any DO modifiable 
management practice with the goal of improving ud-
der health were required for an article to be eligible. 
Nonmodifiable management practices were excluded 
from this review (i.e., breed, parity, season of DO). 
Analytical studies had to provide comparison of the 
intervention or exposure to at least one other different 
intervention, a different level of the given intervention 
or exposure, or a nontreated control group or placebo. 
Finally, eligible articles had to describe one of the fol-
lowing udder health outcomes in the title or abstract: 
risk of CM at any period postcalving, prevention of new 
IMI during the dry period, cure of existing IMI during 
the dry period, or prevalence of IMI at any period post-
calving. Prevention of new IMI and cure of existing IMI 
were eligible outcomes only when milk samples were 
taken at least at DO and postcalving for determination 
of IMI status. No restriction was placed on how IMI 
was defined, which could have included but was not 
limited to bacterial culture, SCC, electrical conductiv-
ity, or N-acetyl-beta-d-glucosaminidase (NAGase).

Information Sources

The search was completed by CKM on February 18, 
2020, by searching 5 databases for relevant literature: 
Medline (via OvidSP), CAB Abstracts (via CAB In-
terface), Science Citation Index (via Web of Science), 
Scopus, and Agricola (via Proquest). CKM also hand-
searched the table of contents from 1990 to 2020 of the 
World Association for Buiatrics Conference Proceedings 
and the National Mastitis Council Conference Proceed-
ings. Contact with study authors was not conducted.

Search

The full-electronic search string was developed in 
CAB Abstracts (via CAB Interface; Table 1). The 
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search was restricted to publication year from 1990 to 
2020. The search was validated by checking inclusion 
of 15 articles preselected by DFK (Table 2); all articles 
were detected by the search strategy. Search results 
were downloaded into EndNote (EndNote X7, Clari-
vate Analytics) and then uploaded into DistillerSR 
(Evidence Partners Inc.) and deduplicated before the 
screening process.

Selecting Sources of Evidence

Study selection and data extraction were per-
formed in DistillerSR. Two levels of screening were 
conducted by CKM, CBW, KJC, and KSC. The title 
and abstract pretest involved screening 100 articles 
for eligibility, followed by a consensus meeting to 
ensure reviewer consistency and clarity of the screen-
ing questions. Reviewers independently in duplicate 
screened the title and abstract of articles identified 
by the search using 4 primary screening questions. 
(1) Is a modifiable dry period management practice 
in dairy cattle reported in the title or abstract? (2) 
Is a relevant udder health outcome described in the 
title or abstract? (3) Is the title or abstract available 
in English? (4) Is an analytic primary research study 
described in the title or abstract? Response selection 
included yes, no, or unclear, and a response of no 

from 2 reviewers to any of the questions resulted in 
exclusion of that reference. All disagreements were 
resolved by consensus. The full-text pretest involved 
screening 10 full-text articles for eligibility, followed 
by a consensus meeting. The following 5 secondary 
screening questions were used for full-text screening. 
(1) Is the study available in English? (2) Is this an 
analytic primary research study? (3) Is a population 
of dairy cattle after their first or subsequent lactation 
reported within the article? (4) Was the modifiable 
management practice implemented at drying off? (5) 
Is a relevant udder health outcome reported in the ar-
ticle? Possible response options were yes or no, where 
an answer of no selected by 2 reviewers resulted in 
exclusion of that record. Agreement was at the ques-
tion level, and a third member of the review team was 
consulted for conflict mediation if consensus could not 
be reached.

Data Charting Process

Data extraction was completed independently in 
duplicate by CKM, CBW, KJC, and KSC using a 
structured pretested form created in DistillerSR. The 
form was pilot tested using 5 articles by all review-
ers to ensure consistency and clarity of the questions. 
Thereafter, disagreements were resolved by consensus.

McMullen et al.: DRY COW MANAGEMENT FOR IMPROVED UDDER HEALTH

Table 1. Search strategy to identify relevant articles for the scoping review characterizing modifiable management practices implemented at 
drying off to improve udder health in dairy cattle, published between 1990 to 2020, conducted in CAB Abstracts (via CABI) on February 18, 
2020

Strategy 
no.  Search terms Results

1 ((“cow”) OR (“cows”) OR (“cattle”) OR (heifer*) OR (“dairy”) OR (“milking”) OR (bovine*) OR (“bovinae”) OR 
(buiatric*)) AND yr:[1990 TO 2020]

543,907

2 ((ayrshire*) OR (“brown swiss”) OR (“busa”) OR (“busas”) OR (canadienne*) OR (dexter*) OR (“dutch belted”) OR 
(“estonian red*”) OR (fleckvieh*) OR (friesian*) OR (girolando*) OR (guernsey*) OR (holstein*) OR (illawarra*) 
OR (“irish moiled*”) OR (jersey*) OR (“meuse rhine issel*”) OR (montebeliarde*) OR (normande*) OR (“norwegian 
red*”) OR (“red poll”) OR (“red polls”) OR (shorthorn*) OR (“short horn*”)) AND yr:[1990 TO 2020]

64,669

3 1 OR 2 563,464
4 ((“drying off”) OR (“dry off”) OR (“dried off”) OR (“dry up”) OR (“drying up”) OR (“dried up”) OR (“drying 

period”) OR (“dry period”) OR (“dry udder”) OR (“dry teat*”) OR (“pre-partum”) OR (“prepartum”) OR (“end” 
NEAR lactat*) OR (finish* NEAR lactat*) OR (stop* NEAR lactat*) OR (cess* NEAR lactat*) OR (ceas* NEAR 
lactat*) OR (nonlactat*) OR (“non-lactat*”) OR (postlactat*) OR (“post-lactat*”) OR (postmilk*) OR (“post-
milk*”) OR (“involution”) OR (“steady state”)) AND yr:[1990 TO 2020]

43,856

5 3 AND 4 12,250
6 ((“dry cow”) OR (“dry cows”)) AND yr:[1990 TO 2020] 1,862
7 5 OR 6 13,168
8 ((mastiti*) OR (intramammar* NEAR infect*) OR (intramammar* NEAR inflamm*) OR (“intra-mammar*” NEAR 

infect*) OR (“intra-mammar*” NEAR inflamm*) OR (“IMI” NEAR infect*) OR (“IMI” NEAR inflamm*) OR 
(“udder health*”) OR (“somatic cell*”) OR (“linear score*”) OR (“bulk tank*”) OR (“bulk-tank*”) OR (“somatic-
cell*”) OR (“linear-score*”) OR (“IMI”)) AND yr:[1990 TO 2020]

36,998

9 7 AND 8 2,720
10 ((“dry cow” NEAR therap*) OR (“dry cow” NEAR manag*) OR (“dry cow” NEAR intervention*) OR (“dry cow” 

NEAR treat*) OR (“dry cow” NEAR strateg*) OR (“dry cows” NEAR therap*) OR (“dry cows” NEAR manag*) OR 
(“dry cows” NEAR intervention*) OR (“dry cows” NEAR treat*) OR ((“dry cows” NEAR strateg*)) AND yr:[1990 
TO 2020]

708

11 9 OR 10 2,898



10146

Journal of Dairy Science Vol. 104 No. 9, 2021

Data Items

Study Characteristics. Study-level data included 
year of publication, year of study conduct, country of 
study conduct, study design, study objectives, farm or 

herd type (research or university dairy, or commercial 
dairy), and breed.

Intervention, Comparators, and Exposures. 
Intervention, comparator, and exposure data included 
definition and type of management practice, interven-

McMullen et al.: DRY COW MANAGEMENT FOR IMPROVED UDDER HEALTH

Table 2. Article title and author information for 15 relevant journal articles to check for inclusion in the search to validate the search strategy 
for the scoping review characterizing modifiable management practices implemented at drying off to improve udder health in dairy cattle; all 
articles were identified by the search

Article 
no.  

Author 
(year)  Article title  Country  

Management 
practice in 
title/abstract  

Outcome in 
title/abstract1

1 Arruda et al. 
(2013)

Randomized noninferiority clinical trial 
evaluating 3 commercial dry cow mastitis 
preparations: I. Quarter-level outcomes

USA Antimicrobials IMI at calving  
CM up to 100 DIM

2 Bradley and 
Green (2001)

An investigation of the impact of 
intramammary antibiotic dry cow therapy 
on clinical coliform mastitis

England Antibiotics CM up to 100 DIM

3 Cameron et al. 
(2015)

Evaluation of selective dry cow treatment 
following on-farm culture: Milk yield 
and somatic cell count in the subsequent 
lactation

Canada Antimicrobials  
Teat sealants

SCC in following 
lactation

4 Green et al. 
(2007)

Cow, farm, and management factors 
during the dry period that determine the 
rate of clinical mastitis after calving

UK Antimicrobials 
Vaccines 
Housing 
Pasture 
Dry-cow 
preparation

CM within 30 DIM

5 Godden et al. 
(2003)

Effectiveness of an internal teat seal in 
the prevention of new intramammary 
infections during the dry and early-
lactation periods in dairy cows when used 
with a dry cow intramammary antibiotic

USA Antimicrobials  
Teat sealants

IMI during dry period  
Linear score after 
calving  
CM up to 60 DIM

6 Gott et al. 
(2016)

Intramammary infections and milk leakage 
following gradual or abrupt cessation of 
milking

USA Dry-cow 
preparation

IMI at calving

7 Gott et al. 
(2017)

Effect of gradual or abrupt cessation 
of milking at dry off on milk yield and 
somatic cell score in the subsequent 
lactation

USA Dry-cow 
preparation

SCS up to 120 DIM

8 Newman et al. 
(2010)

Association of milk yield and infection 
status at dry-off with intramammary 
infections at subsequent calving

USA Dry-cow 
preparation

IMI at calving

9 Odensten et al. 
(2007a)

Metabolism and udder health at dry-off 
in cows of different breeds and production 
levels

Sweden Dry-cow 
preparation

IMI after calving

10 Odensten et al. 
(2007b)

Effects of two different feeding strategies 
during dry-off on certain health aspects of 
dairy cows

Sweden Nutrition SCC during dry period

11 Rajala-Schultz 
et al. (2005)

Short Communication: Association 
between milk yield at dry-off and 
probability of intramammary infections at 
calving

USA Dry-cow 
preparation

IMI at calving

12 Rajala-Schultz 
et al. (2011)

Milk yield and somatic cell count during 
the following lactation after selective 
treatment of cows at dry-off

USA Antimicrobials SCC during following 
lactation

13 Schukken et al. 
(1993)

A randomized blind trial on dry cow 
antibiotic infusion in a low somatic cell 
count herd

Netherlands Antimicrobials CM during dry period

14 Tucker et al. 
(2009)

Effect of milking frequency and feeding 
level before and after dry-off on dairy 
cattle behavior and udder characteristics

New Zealand Dry-cow 
preparation  
Nutrition

IMI during dry period

15 Zobel et al. 
(2013)

Gradual cessation of milking reduces milk 
leakage and motivation to be milked in 
dairy cows at dry-off

Canada Dry-cow 
preparation

SCS at calving

1CM = clinical mastitis.
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tion unit (farm, herd, cow, or quarter), implementation 
strategy of intervention or exposure, and implementa-
tion of the comparator.

Outcomes. Eligible outcomes for inclusion in the 
review were as follows: risk of CM (author-defined risk 
period), cure of existing IMI from DO to calving, pre-
vention of new IMI from DO to calving, and prevalence 
of IMI (author-defined risk period).

Authors had to report that milk samples were col-
lected at drying off and at calving, or at another 
point postcalving, for IMI determination in order for 
cure of existing IMI and prevention of new IMI to be 
eligible outcomes. These samples are later referred to 
as cure and prevention of IMI over the dry period in 
this manuscript, but authors could have included milk 
samplings that extended into lactation. In addition, 
risk period evaluation for CM and prevalence of IMI 
could be author-defined and could extend throughout 
the next lactation, as long as the risk period was not 
defined as the incidence or prevalence of disease only 
over the entire lactation. This decision was made to 
include studies reporting a risk period that was not so 
long, such that the influence of factors other than the 
dry period management practice became more substan-
tial reasons for a case or non-case (i.e., contaminated 
milking equipment). Somatic cell count as a continuous 
measure of udder health was not reported in the pro-
tocol; however, SCC is a very common test to identify 
potential IMI and thus was included as an additional 
outcome in this scoping review. Articles that mentioned 
only antimicrobials or teat sealant interventions were 
enumerated but not further characterized, as they have 
been included in previous systematic literature reviews 
and meta-analyses on the efficacy of these products to 
improve udder health during the dry period (Dufour 
et al., 2019; Winder et al., 2019a,b). Other modifiable 
management strategies reported within an article with 
antimicrobial or teat sealant products remained eligible 
for inclusion.

Synthesis of Results

Metrics such as mode and range were used to de-
scribe the outcome risk periods, to present the most 
common risk period value and the variation in risk 
periods reported in the published literature included in 
this scoping review.

RESULTS

Selection of Sources of Evidence

Results of the search and the flow of study inclusions 
and exclusions are presented in Figure 1. Following 

both levels of relevance screening, 420 articles were 
included in the quantitative summary: antimicrobials 
and teat sealants alone were assessed in 74 articles, 
antimicrobials alone in 108 articles, teat sealants alone 
in 9 articles, and other modifiable management prac-
tices (with or without comparison to antimicrobials or 
teat sealants) in 229 articles. Only the 229 articles that 
included the report of modifiable management prac-
tices that were not antimicrobials or teat sealants were 
further described in this scoping review.

Characteristics of Sources of Evidence

Articles published in or after 1990 were eligible for 
inclusion, with year of publication ranging from 1990 
to 2020. The majority of studies were conducted in the 
United States (84/229; 36.7%), Canada (19/229; 8.3%), 
and the United Kingdom (13/229; 5.7%). Although con-
trolled trials were the most common study design iden-
tified (174/229; 76.0%), challenge trials (22/229; 9.6%), 
cohort studies (18/229; 7.9%), and cross-sectional stud-
ies (15/229; 6.6%) were also identified by our review 
team. A commercial herd type was reported in half of 
the articles (113/229; 49.4%), followed by research or 
university herds (70/229; 30.6%), and both herd types 
were reported in a smaller number of articles (5/229; 
2.2%). Herd type was not reported in 41 articles. Breed 
of cattle included in each article was mainly Holstein 
(106/229; 46.3%) and multiple breeds (35/229; 15.3%), 
followed by crossbreeds (7/229; 3.1%), Jersey (5/229; 
2.2%), and other breeds (6/229; 2.6%). Breed was not 
reported in 70 articles.

Synthesis of Results

Vaccines. The effects of vaccination on eligible 
udder health outcomes were assessed in 40 articles, of 
which 20 were controlled trials, 17 were challenge trials, 
and 3 were observational studies (Supplemental Table 
S1; https: / / doi .org/ 10 .5683/ SP2/ TJVYOZ; McMul-
len et al., 2021). Within controlled trials, the 2 most 
common types of vaccine regimen were Escherichia 
coli J5 vaccine (9/20) and Startvac (a vaccine for E. 
coli, coagulase-negative staphylococci, and Staphylococ-
cus aureus; 7/20), followed by S. aureus vaccination 
(3/20) and a vaccine for coliforms (1/20). Comparison 
to an untreated control group was made in over half of 
controlled trials (12/20) and to a placebo product in 4 
trials. The E. coli J5 vaccine was administered in the 
majority of challenge trials (11/17), with Streptococ-
cus uberis immunization reported in 2 challenge trials. 
Most comparators in challenge trials were untreated 
control (14/17), a different vaccination (10/17), or pla-
cebo vaccination (3/17). Intramuscular Startvac and a 
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leptospirosis vaccine for herds at pasture were assessed 
for their effect on udder health in 3 observational stud-
ies. For all vaccination studies, CM was reported in the 
majority of articles (36/40), with a range in risk period 
from DO to 240 DIM (mode: 90 DIM). Cure of exist-
ing IMI over the dry period was reported in 6 articles, 
prevention of new IMI over the dry period in 9 articles, 
and prevalence of IMI over the dry period in 16 articles. 
Somatic cell count was measured in 30 articles from DO 
to 240 DIM.

Nonantimicrobial Intramammary Products. 
Nonantimicrobial intramammary products were re-
ported in 12 articles, of which 10 were controlled trials 
and 2 were challenge trials (Supplemental Table S2; 
https: / / doi .org/ 10 .5683/ SP2/ TJVYOZ; McMullen 
et al., 2021). Products reported included IL-2 (3/12), 
Phyto-Mast or Cinnatube or the combination thereof 
(3/12), bovine lactoferrin (2/12), lysostaphin (2/12), 
ozone-containing foam (1/12), and casein hydrolysate 
(1/12). Clinical mastitis was reported as an outcome 

McMullen et al.: DRY COW MANAGEMENT FOR IMPROVED UDDER HEALTH

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of studies included in the scoping 
review characterizing modifiable management practices implemented at drying off to improve udder health in dairy cattle (Moher et al., 2009).
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in 11 articles, with a risk period range from DO to 42 
DIM (mode: at calving). Cure of existing IMI over the 
dry period was reported in 8 articles, prevention of new 
IMI over the dry period in 5 articles, and prevalence 
of IMI over the dry period in 5 articles. Somatic cell 
count was measured in 9 articles from DO to 90 DIM. 
Intramuscular injection of nonantimicrobial products 
was reported in 2 additional controlled trials, of which 
recombinant bovine granulocyte stimulating factor was 
administered in one trial and Propionibacterium acnes 
immunostimulatory product in the other (Supplemen-
tal Table S2; https: / / doi .org/ 10 .5683/ SP2/ TJVYOZ; 
McMullen et al., 2021).

Vitamin and Mineral Injections. Vitamin and 
mineral products were injected intramuscularly or sub-
cutaneously in 14 articles, all of which were controlled 
trials (Supplemental Table S3; https: / / doi .org/ 10 
.5683/ SP2/ TJVYOZ; McMullen et al., 2021). Vitamin 
E and selenium products were most commonly reported 
(9/14). Untreated control was used as a comparator in 
10 trials and a placebo product in 4 trials. Clinical mas-
titis was reported in 8 trials, with a range in risk period 
from 30 to 200 DIM (mode: 30 DIM). Cure of existing 
IMI over the dry period and prevention of new IMI over 
the dry period were each reported in 3 trials, prevalence 
of IMI over the dry period in 5 trials, and SCC in 6 
trials from calving through the entire lactation.

Nutrition: Vitamin and Mineral Feed Addi-
tives. Vitamin and mineral feed additives were re-
ported in 35 articles, of which 30 were controlled trials, 
1 was a challenge trial, and 4 were observational stud-
ies (Supplemental Table S4; https: / / doi .org/ 10 .5683/ 
SP2/ TJVYOZ; McMullen et al., 2021). Vitamin E, or 
a combination of vitamin E and other minerals, was 
the most commonly evaluated vitamin as an additive 
in transition cow diets for an effect on udder health 
(13/35), followed by selenium combination products 
(7/35) and calcium combination products (4/35). Un-
treated control was the most common comparator in 
controlled trials (24/30). Clinical mastitis was reported 
in 22 articles, with a risk period range of DO to 300 
DIM (mode: 30 DIM). Cure of existing IMI over the 
dry period was reported in 3 articles, prevention of new 
IMI over the dry period was reported in 7 articles, and 
prevalence of IMI over the dry period was reported in 7 
articles. Somatic cell count was reported in 25 articles 
from DO to 240 DIM.

Nutrition: Ration Formulation and Delivery. 
Ration formulation and delivery were the most com-
mon type of dry cow management practices reported in 
the articles included in this scoping review (n = 44), of 
which 39 were controlled trials, 1 was a challenge trial, 
and 4 were observational studies (Supplemental Table 

S5; https: / / doi .org/ 10 .5683/ SP2/ TJVYOZ; McMullen 
et al., 2021). Variation in the length of time close-up 
and far-off rations were offered was evaluated in 7 ar-
ticles. OmniGen-AF (Phibro), a product that contains 
microbials, vitamins, and aluminosilicates, was evalu-
ated for its effect on udder health in 5 articles. Changes 
in plane of nutrition, such as a decreased concentrate 
level, restricted feeding at pasture, and variation in 
protein supplements, were evaluated in 12 articles. 
Probiotic, microbial, or yeast supplements in transition 
cow diets were evaluated in 6 articles. Clinical mastitis 
was reported in 26 articles, with a range in risk period 
of calving to 308 DIM (mode: 30 and 150 DIM). Cure 
of existing IMI over the dry period was reported in 2 
articles, and prevention of new IMI over the dry period 
and prevalence of IMI over the dry period were reported 
in 8 articles. Somatic cell count was measured in the 
majority of articles (37/44) from DO to 308 DIM.

Dry Period Length. The effect of dry period length 
on a relevant udder health outcome was reported in 27 
articles, of which 17 were controlled trials and 10 were 
observational studies (Supplemental Table S6; https: 
/ / doi .org/ 10 .5683/ SP2/ TJVYOZ; McMullen et al., 
2021). Length of dry period ranged from 0 to 250 d. In 
controlled trials, the most common dry period length 
comparator groups were 30 d and 60 d (10/17). Most 
authors were interested in comparison of a conventional 
dry period length (55–60 d; 13/27) against a shorter dry 
period length (30–40 d; 14/27), or complete omission of 
the dry period (0 d; 10/27). Clinical mastitis was re-
ported in 16/27 articles, with a range in the risk period 
from DO to 308 DIM (mode: 90 DIM). Cure of existing 
IMI over the dry period was reported in 4/27 articles, 
prevention of new IMI over the dry period in 5/27, and 
prevalence of IMI over the dry period in 5/27. Somatic 
cell counts were measured in 23/27 articles from DO 
to 308 DIM. Additionally, the authors of 7 controlled 
trials that investigated the efficacy of antimicrobial or 
teat sealant products also included dry period length as 
a covariate in regression modeling (Supplemental Table 
S7; https: / / doi .org/ 10 .5683/ SP2/ TJVYOZ; McMullen 
et al., 2021). The authors of 2 observational studies also 
reported DIM at drying off or dry period length as a 
covariate in the model.

Housing, Bedding, Pasture. Housing, pasture, 
and bedding management were reported in 12 articles, 
of which 5 were controlled trials and 7 were observa-
tional studies (Supplemental Table S8; https: / / doi .org/ 
10 .5683/ SP2/ TJVYOZ; McMullen et al., 2021). The 
evaluation of tiestall versus freestall on udder health 
outcomes was reported in 4 articles, indoor stall hous-
ing or loose housing was reported in 3 articles, and 
cows at pasture were reported in 4 articles. Bed or barn 

McMullen et al.: DRY COW MANAGEMENT FOR IMPROVED UDDER HEALTH

https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ
https://doi.org/10.5683/SP2/TJVYOZ


10150

Journal of Dairy Science Vol. 104 No. 9, 2021

cleaning routines were reported in 5 articles, and type 
of bedding was reported in 7 articles, which included 
sand, straw, wood chip, compost-bedded packs, and 
mattresses. Other housing management strategies eval-
uated for their effects on udder health included stall 
drainage, pasture grazing policies, stall design so that 
at least 90% of cows can lie correctly, and access to a 
housed lying area for cattle at pasture. Clinical mastitis 
was reported in 10 articles, with a risk period range of 
calving to 150 DIM (mode: 30 DIM). Cure of existing 
IMI over the dry period and prevention of new IMI over 
the dry period were reported in the same 2 articles, 
prevalence of IMI over the dry period was reported in 4 
articles, and SCC was measured in 7 articles from DO 
to 113 DIM.

Milking Frequency Before Drying Off. Milking 
frequency before drying off was evaluated in 16 articles, 
of which 13 were controlled trials and 3 were observa-
tional studies (Supplemental Table S9; https: / / doi .org/ 
10 .5683/ SP2/ TJVYOZ; McMullen et al., 2021). Abrupt 
cessation of lactation (milking cows twice daily until 
drying off) was compared with gradual or intermittent 
cessation of lactation (lessening the number of times a 
cow is milked before drying off) in almost all articles 
(15/16). Gradual or intermittent cessation of lactation 
was most often defined as a milking frequency change in 
the last week of lactation (10/16), between 14 d pre-dry 
to 3 d pre-dry in the majority of other studies (5/16), 
and report of assessing milk yield records within the 
last 60 DIM was used in 1 observational study. Clinical 
mastitis was reported in 4 articles, with a range in risk 
period from DO to 90 DIM. Cure of existing IMI over 
the dry period was reported in 4 articles, prevention of 
new IMI over the dry period was reported in 3 articles, 
and prevalence of IMI over the dry period was reported 
in 10 articles. Somatic cell count was reported in 8 ar-
ticles from DO to 120 DIM.

Reduced Milk Yield at Drying Off. Milk yield at 
drying off was reported in 9 articles, 2 of which were 
controlled trials and 7 of which were observational stud-
ies (Supplemental Table S10; https: / / doi .org/ 10 .5683/ 
SP2/ TJVYOZ; McMullen et al., 2021). Milk yield was 
defined as low, medium, or high in one controlled trial, 
whereas milk yield at DO >115 kg was reported as a 
risk factor for IMI in the other controlled trial. Milk 
yield was defined using cut-points in 3 observational 
studies. Clinical mastitis was reported in 3 articles, 
with a risk period range from DO to 60 DIM. Cure 
of existing IMI over the dry period was reported in 1 
article, prevention of new IMI over the dry period was 
reported in 3 articles, and prevalence of IMI over the 
dry period was reported in 5 articles. Somatic cell count 
was reported in 3 articles from DO to 30 DIM. The 

authors of 4 additional controlled trials included milk 
yield at drying off as a covariate in regression modeling 
to control for its effect on udder health (Supplemental 
Table S11; https: / / doi .org/ 10 .5683/ SP2/ TJVYOZ; 
McMullen et al., 2021).

Other Management. Bovine somatotropin is a 
growth hormone approved for use in dairy cattle to 
increase milk production (FDA, 2020). Bovine somato-
tropin was allocated to cows during the dry period in 5 
trials to assess its influence on udder health outcomes, 
via either intramuscular or subcutaneous injections 
(Supplemental Table S12; https: / / doi .org/ 10 .5683/ 
SP2/ TJVYOZ; McMullen et al., 2021). Whole-herd 
concurrent treatment with bovine somatotropin dur-
ing the dry period was reported in a small number of 
articles included in this scoping review (4/229). Ad-
ditional management strategies of interest are reported 
in Supplemental Table S13 (https: / / doi .org/ 10 .5683/ 
SP2/ TJVYOZ; McMullen et al., 2021).

Risk of CM was reported as an outcome in over half 
of the articles identified (151/229; 65.9%), including a 
corresponding definition in 93 articles as the presence 
of visible signs, abnormal milk, or systemic illness. A 
risk period for observation of CM was reported for the 
majority of these articles (137/151; 90.7%); however, 
this ranged from DO through the entire subsequent 
lactation (Figure 2). The most common maximum 
numbers of days in milk for which authors evaluated 
the risk of CM were 30 (19/137; 13.9%), 60 (12/137; 
8.8%), 90 (10/137; 7.3%), and 100 DIM (10/137; 7.3%).

Cure of existing IMI was reported in 40 articles, of 
which 35 provided a definition used to classify cows 
with an existing infection at drying off or over the dry 
period that cured postcalving. The majority of articles 
determined cure of IMI through bacteriologic cultures 
(30/35; 85.7%), which is the method recommended 
by the National Mastitis Council for determining the 
presence of subclinical mastitis (NMC, 2012). The 
remainder used SCC as a proxy for infection status 
(5/35; 14.3%), defined as SCC ≥200,000 cells/mL in 3 
of these articles, SCC ≥250,000 cells/mL in 1 article, 
and no reported cut-point in 1 article. The risk period 
for measuring cure of existing IMI was not reported 
in 3 articles, but those that did report a risk period 
ranged from DO to 130 DIM, most commonly between 
a maximum of calving and 30 DIM (29/37; 78.4%).

Prevention of new IMI was reported in 54 articles, of 
which 50 provided a definition. Most authors defined 
presence of a new IMI using bacteriological culture 
(44/50; 88.0%) for quarters negative at drying off but 
presented with an infection postcalving, Somatic cell 
count was used as a proxy for infection status in 5 ar-
ticles, and a modified California Mastitis Test was used 
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to define infection status in 1 article. Somatic cell count 
≥200,000 cells/mL was the cut-point used to define the 
presence of an infection in 3 articles, and SCC ≥250,000 
cells/mL was the cut-point used in 1. The risk period 
for new IMI was reported in 52 articles, of which IMI 
was measured between calving and a maximum of 7 
DIM in almost half of articles (23/52; 44.2%). Further, 

new IMI outcome was measured between calving and a 
maximum of 30 DIM in the majority of articles (40/52; 
76.9%), with a range in risk period measurement of 
calving to 240 DIM.

Prevalence of IMI, which refers to IMI that authors 
reported were measured once over a defined time 
period, was the most commonly reported metric for 
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Figure 2. Number of publications that reported clinical mastitis outcomes (n = 151) in the scoping review characterizing modifiable man-
agement practices implemented at drying off to improve udder health in dairy cattle, ordered by number of publications per risk period (DIM) 
evaluated in the study. NR = not reported.
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IMI (72/229; 31.4%). This differs from articles that 
measured cure of IMI over the dry period and preven-
tion of new IMI over the dry period, because both of 
these outcomes required at least 2 measurements to 
determine the incidence of an IMI from DO to calv-
ing. Somatic cell count was used to define infection 
status in 8 articles (8/72) and SCC plus bacteriology 
in 5 articles, and the remainder performed bacterio-
logic analysis of milk samples to define infection status 
(59/72). The risk period for measurement of prevalence 
of IMI ranged from DO to 270 DIM, with a maximum 
risk period between calving to 30 DIM reported in most 
articles (40/72; 55.6%). A risk period of ≥100 DIM was 
reported in 10 articles.

Although few studies reported use of SCC in deter-
mination of IMI, SCC was the most commonly reported 
outcome measure (n = 161), reported as a continuous 
measure in the majority of articles (155/161) or as an 
elevated SCC (6/161) in the remainder. Transforma-
tion of SCC to somatic cell score or linear score was 
reported in 24 articles (24/161; 14.9%). Maximum risk 
period measurements for SCC between calving and 30 
DIM were reported in one-third of articles (48/161; 
29.8%) and ≥100 DIM in 38/161 articles (23.6%).

DISCUSSION

Summary of Evidence

Using a systematic approach, we characterized dry 
cow management strategies that can be used in addi-
tion to or in replacement of antimicrobials, to aid in 
the prudent use of antimicrobials in dairy production. 
We classified management practices into 10 groups: dry 
period length; vaccines; nonantimicrobial intramam-
mary or intramuscular products; vitamins and minerals 
(intramuscular); housing, bedding, and pasture man-
agement; nutrition, which included ration formulation 
and delivery and vitamin and mineral feed additives; 
milking frequency; reduced milk yield at DO; and other.

Substantial literature assessed vaccines (n = 40), 
nutrition (n = 79), and dry period length (n = 27), 
which indicates that systematic reviews and meta-
analyses may be feasible to quantify their effect on IMI 
and CM. Naqvi et al. (2018) recently published a sys-
tematic review and meta-analysis on the effectiveness 
of precalving treatment on postcalving udder health 
in nulliparous dairy heifers, which included mastitis 
vaccination. Extending this research to populations 
of multiparous dairy cows would be beneficial to the 
mastitis research community. Additionally, a recently 
published meta-analysis assessed the effects of vitamin 
E and vitamin E with selenium adjuvants on SCC in 

milk (Moghimi-Kandelousi et al., 2020), but future 
work could include other vitamin and mineral products 
such as β-carotene and vitamin A. Santos et al. (2019) 
conducted a meta-analysis on the effect of a prepartum 
DCAD on production performance and health of dairy 
cattle, by means of altering the mineral composition of 
diets, and found that less than half of included studies 
reported the effect of DCAD on mastitis. Additionally, 
Lean et al. (2019) noted that mastitis was not well 
reported in trials evaluating DCAD, and more studies 
that report this outcome will increase the precision of 
future meta-analyses. A future directive for meta-anal-
yses could be to assess the effect of prepartum DCAD 
on SCC postpartum, as SCC is a commonly reported 
measure of udder health. Lastly, van Knegsel et al. 
(2013) conducted a meta-analysis to assess the effect 
of shortening or omitting the dry period on the inci-
dence of CM and found variation between studies and 
variation in disease definitions. An updated systematic 
review and meta-analysis could indicate whether the 
consistency between studies for measurement of masti-
tis in relation to dry period length and mastitis disease 
definitions has improved. The assessment of the effect 
of these modifiable management strategies on IMI or 
SCC during the dry period and postcalving through 
systematic literature reviews and meta-analyses may be 
feasible additions to mastitis research.

The majority of articles included in this scoping 
review were controlled trials (n = 174), which, when 
allocation to treatment group is randomized, provide 
the highest evidentiary value for assessing the efficacy 
of a modifiable intervention under field conditions 
(O’Connor et al., 2010; Sargeant et al., 2010). Obser-
vational studies are useful for exploring risk factors 
for disease and comparing the effects of management 
strategies that may be difficult to artificially imple-
ment (i.e., housing and stall design or pasture graz-
ing), on udder health outcomes (Sargeant et al., 2016). 
However, the lack of control of allocation of cows to 
exposure groups and differential management of ex-
posure groups can lead to biased results. Additionally, 
challenge trials, like randomized controlled trials, allow 
trialists to randomly allocate cows to interventions, 
blind treatment staff or outcome assessors, and main-
tain equal management of intervention groups, but 
lack external generalizability (Shirley and McArthur, 
2011). Systematic reviews and meta-analyses that in-
clude randomized controlled trials provide the highest 
level of evidence of the efficacy of interventions under 
field conditions (Sargeant and O’Connor, 2014), and 
the randomized allocation of participants to treat-
ment groups reduces the potential for selection bias 
(O’Connor and Sargeant, 2014). However, for com-
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parative efficacy meta-analyses, it may be warranted 
to include observational studies for areas of veterinary 
research for which relatively few randomized controlled 
trials exist, but meta-analysts need to be aware of the 
potential biases that the inclusion of observational 
studies can have on the summary effect size (O’Connor 
and Sargeant, 2014). Therefore, the large proportion of 
controlled trials included in this scoping review could 
warrant the exclusion of observational studies from 
future synthesis work, but for areas of research that 
are mainly composed of observational studies, such as 
housing, pasture, and bedding management and de-
creased milk yield at DO, remain to provide valuable 
information about the effect modifiable management 
strategies have on udder health outcomes.

Lastly, we aimed to quantify the number of articles 
that investigated each management practice in relation 
to relevant udder health outcomes. Somatic cell count 
as a continuous metric was the most common measure 
used to identify udder health issues during lactation, 
followed by prevalence of IMI during the subsequent 
lactation. The risk of CM was another commonly in-
vestigated outcome, more so than cure or prevention of 
IMI. Most risk periods for each outcome were defined 
to a maximum of 30, 60, or 90 DIM; however, we identi-
fied discrepancies in author-defined risk periods.

Limitations of the Body of Evidence

Risk period measurement ranged from DO through 
the entire lactation for CM, cure of existing IMI, pre-
vention of new IMI, and prevalence of IMI. This varia-
tion becomes a problem in further systematic reviews 
and meta-analyses that require consistent definitions 
of eligible outcomes and length of follow-up so that 
data can be meaningfully synthesized and interpreted 
(Liberati et al., 2009). If we cannot compare the results 
of multiple studies due to this variation in reporting of 
outcomes and follow-up periods, then we cannot form 
a solid evidence base for decision-making (Sargeant et 
al., 2019). Consensus on one or more risk periods to 
evaluate CM and IMI outcomes in mastitis research, 
in addition to other investigator-determined outcomes, 
would enable the formation of a solid evidence base for 
decision-making related to udder health. Appropriate 
follow-up periods need to be long enough to evaluate 
the effect of a dry period management strategy on CM, 
but not so long that the influence of factors other than 
the dry cow management practice become more sub-
stantial reasons for a case or non-case.

Evidence exists suggesting optimal thresholds and 
risk periods for determination of subclinical and clini-

cal mastitis. Sargeant et al. (2001) found that optimal 
sensitivity and specificity for the ability to detect an 
IMI using an SCC threshold of 100,000 cells/mL was 
at 5 DIM. A California Mastitis Test using a reaction 
greater than zero had the highest sensitivity and speci-
ficity at 3 or 4 DIM (Sargeant et al., 2001; Dingwell 
et al., 2002). There is also variability in the literature 
related to definitions of risk periods for CM (Bradley 
and Green, 2000; Pantoja et al., 2009; Down et al., 
2016). The association between dry period manage-
ment and first case of CM beyond 90, 100, or 150 DIM 
is questionable; thus, trialists are urged to provide 
reasoning for choice of follow-up period. In human 
healthcare literature, researchers in some areas have 
developed core outcome measures recommended to be 
used as a minimum outcome set for all trials in specific 
topic areas (Kirkham et al., 2019). Such an approach, 
undertaken by expert consensus of mastitis research-
ers, could provide consistency in the literature for 
comparing among studies while allowing flexibility for 
individual researchers to include additional outcomes 
of interest.

Further, the majority of articles used bacteriologic 
culture as the definition for presence of an IMI; cultures 
are useful measurements when appropriate guidelines 
are followed, such as the National Mastitis Council 
guidelines for collecting milk samples (NMC, 2004). A 
series of studies by Dohoo et al. (2011a,b) evaluated 1 
versus 2 samples for culture on the basis of sensitivity 
and specificity for determining infection status. Com-
pared with the gold-standard test (a positive culture on 
2 of 3 consecutive samples), these methods performed 
adequately. Some articles in our scoping review evalu-
ated 1 sample to determine infection status postcalving 
(Dingwell et al., 2003a; Mullen et al., 2014), whereas 
others defined cure of quarters based on the results of 
3 or 4 cultures (Middleton and Fox, 1999; Church et 
al., 2008; Leitner et al., 2011). Likewise, determination 
of new IMI postcalving was evaluated using at least 
2 samples (Berry and Hillerton, 2007; Church et al., 
2008; Leitner et al., 2011). The use of SCC to determine 
subclinical infection status was reported in only a few 
articles, and although SCC is an important indicator 
of IMI (Lam et al., 2009), IMI should be confirmed by 
bacteriology (NMC, 2012). Additional between-study 
variation could be a result of differing definitions of 
IMI, as Dohoo et al. (2011b) showed by comparing the 
number of colonies isolated, presence of an organism in 
pure or mixed culture, and evaluation of SCC. Varia-
tion in definitions of IMI becomes increasingly complex 
with the use of different tests, such as SCC, California 
Mastitis Test, electrical conductivity, or pH, and the 
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selection of thresholds within those tests (Tiwari et al., 
2018). Limiting the variation in methodology would ad-
ditionally be beneficial to removing variance in effect, 
to further aid evidence-based decision-making.

Limitations of this Review

Articles published before 1990 were excluded from 
the search strategy and thus were not included in this 
scoping review. Although genetic selection for superior 
milk production (USDA, 2004; Dobson et al., 2007; 
Barkema et al., 2015) and major advances in disease 
prevention have occurred in recent decades (LeBlanc 
et al., 2006), and as a result, the effects of DO man-
agement practices are likely different in these modern 
populations compared with those of several decades 
ago, the cut-point is arbitrary. However, the purpose 
of this scoping review was to provide a summary of a 
broad range of literature, with the potential of inform-
ing future quantitative synthesis on narrower aspects of 
DO management. Future quantitative synthesis in one 
of the areas captured by our review may opt to include 
metaregression by year of trial conduct, to further elu-
cidate whether the impact of the given management 
practices differs as the dairy cattle population has 
changed over time.

Fifty-one articles were not able to be accessed via full 
text by librarians. These articles may have contributed 
further evidence within our scoping review. However, 
the 229 articles included in this review provide a basis 
for future synthesis work into areas of management such 
as vaccines, dry period length, and nutrition, which in-
cludes ration formulation and delivery and vitamin and 
mineral feed additives.

Based on the resources available, 224 articles were 
excluded before full-text screening because they were 
not available in English (Figure 1). The 224 articles 
were published in 27 different languages, which includ-
ed Arabic, Chinese, Croatian, Czech, Danish, Dutch, 
French, German, Hungarian, Italian, Japanese, Korean, 
Lithuanian, Macedonian, Norwegian, Persian, Polish, 
Portuguese, Russian, Serbian, Serbo-Croatian, Slova-
kian, Slovenian, Spanish, Swedish, Thai, and Turkish. 
Although these articles may have added relevant in-
formation, the body of literature encompassed in this 
review informs the utility of a systematic literature 
review and meta-analysis on the efficacy of manage-
ment practices to improve udder health postcalving, 
specifically for nutrition, dry period length, and vac-
cines. Further, fewer than half of the articles in this 
scoping review were from Canada or the United States, 
indicating that literature outside of North America was 
well represented.

CONCLUSIONS

Ten groups of management practices identified as 
strategies implemented at drying off that improve ud-
der health postcalving were formed. Nutrition, which 
included ration formulation and delivery and vitamin 
and mineral feed supplements, was the most common 
type of management strategy, followed by vaccination 
and dry period length. The use of systematic review 
and meta-analysis methods to target these areas of dry 
cow management, and to quantify their role in preven-
tion and cure of IMI and CM, may be useful to com-
pare these management strategies against antimicrobial 
or teat sealant interventions. Areas with few available 
research articles, such as bovine somatotropin injec-
tions, and intramammary and intramuscular injections 
of nonantimicrobial remedies, could benefit from addi-
tional primary research studies to add evidence to their 
effects on dry cow health. In addition, relevant out-
comes, such as CM, cure, prevention, and prevalence of 
IMI, and measurement of SCC, were widely considered; 
however, we found large variation in the risk periods 
considered for each outcome. Organizations focusing 
on udder health in the dairy industry could form con-
sensus statements regarding optimal follow-up periods 
that should be used in mastitis research to decrease the 
variability in the measurement of outcomes and risk 
period selection.
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