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RESEARCH ARTICLE

Promoting higher levels of immunity from 
colostrum among calves on organic dairy farms
Calves raised on organic dairy farms achieve lower levels of immunity from colostrum compared 
to those raised on conventional farms.

by Munashe Chigerwe, Hannah M. Laurence, Maire C. Rayburn and Betsy M. Karle

Online: https://doi.org/10.3733/001c.120614 

Abstract 
Colostrum feeding provides immunoglobulins, in a process called 
transfer of passive immunity, which is critical for dairy calf health and 
welfare. However, failure of transfer of passive immunity (FTPI) occurs 
in about 12% of calves nationwide. This study compares the prevalence 
of FTPI between calves raised on organic and conventional dairy farms, 
describes the colostral management practices on organic dairy farms 
in California, and recommends improvements. We compared serum 
immunoglobulin G (IgG) concentrations between calves raised on 
organic and conventional dairies and found that the odds of FTPI in 
calves raised in organic dairies were 2.5 times greater than in calves 
raised in conventional dairies. Focusing on varied practices in organic 
dairies, FTPI was 2.9 times more likely in calves fed less than 4 liters 
of colostrum within the first 24 hours, compared to calves fed more 
than that amount. We also found that organic dairy producers did not 
routinely monitor colostral IgG concentrations and passive immunity 
status. We recommend that organic dairy farmers adopt these practices 
to decrease the prevalence of FTPI in calves.
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Colostrum feeding management practices are 
critical for dairy calf health and welfare. Acqui-
sition of adequate passive immunity by calves 

depends on the absorption of at least 150 to 200 grams 
(g) of colostral immunoglobulin G (IgG) (Chigerwe et
al. 2008a). Factors affecting the level of immunity con-
ferred by passively derived colostral immunoglobulins
include dam parity (number of lactations), colostral
IgG concentration, calf age, volume fed, timing of co-
lostrum collection, weight of first milking colostrum,
feeding method, and pooling of colostrum (Chigerwe
et al. 2008a; Godden et al. 2019; McGuirk and Collins
2004; Weaver et al. 2000). Failure of transfer of passive
immunity (FTPI) in dairy calves can result in increased
preweaning morbidity (Donovan et al. 1998; Raboisson
et al. 2016) and mortality (Raboisson et al. 2016; Rob-
inson et al. 1988), increased duration of disease (Paré
et al. 1993), increased pathogen shedding (Lopez et al.
1998), reduced growth (Furman-Fratczak et al. 2011;
Williams et al. 2014), reduced milk production in the
first lactation, and increased culling rates (DeNise et al.
1989; Faber et al. 2005).

The authors’ results show that 
calves raised on organic dairies 
have a higher prevalence of failure 
of transfer of passive immunity 
than those raised on conventional 
dairies. Photo: Pickone, iStock.
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In California, the average milk production per 
cow per year on conventional and organic dairies is 
estimated at 11,000 kilograms (kg) and 7,000 kg, re-
spectively (Sumner et al. 2019). When compared to 
conventional dairies across the United States, organic 
dairy herd sizes are smaller (82 versus 156 cows), pro-
duce 30% less milk, are more likely to use unpaid labor, 
use more pasture-based feeding, and incur higher total 
economic costs (McBride et al. 2009). While organic 
herd sizes in California tend to be larger than the na-
tional average for organic dairies, and earn a higher 
milk revenue per hundredweight sold, they incur 
higher feed, labor, and replacement costs than conven-
tional dairies (Sumner et al. 2019). 

Previous studies on FTPI in both types of dairy 
operations across the United States reported a preva-
lence of 12.1% (Shivley et al. 2018) to 19.2% (Beam et 
al. 2009). In contrast, the prevalence in Norwegian and 
Swedish organic dairies was reportedly 31% (Johnsen 
et al. 2019). However, limited information is available 
about the status of FTPI in organic versus conven-
tional dairies in the United States. Anecdotal evidence 
suggests that, due to decreased labor availability on 
organic farms, the frequency of feeding colostrum 
to calves using a nipple bottle or allowing nursing 
from the dam for 24 to 72 hours is higher in organic 
compared to conventional dairies. In contrast, conven-
tional dairies frequently use oroesophageal intubation 
(tube feeding), a timely and efficient method, to feed 
colostrum to calves. Furthermore, organic dairies less 
frequently heat-treat colostrum before feeding. Heat 
treatment of colostrum reduces bacteria load and 
improves absorption of colostrum immunoglobulins 
(Godden et al. 2019). 

We hypothesized that calves raised on organic 
dairies in California might have a higher prevalence of 
FTPI than those raised on conventional dairies. This 
cross-sectional study compares the prevalence of FTPI 
between calves raised on organic and conventional 
dairy farms, describes colostral management practices 
on organic dairy farms, and recommends greater at-
tention to assessment of colostrum management on 
organic farms.

Dairies sampled throughout state
A cross-sectional study was performed with a con-
venience sample of calves raised on conventional 
dairies in Madera, Merced, and Stanislaus counties 
and organic dairies in Butte, Glenn, Mendocino, and 
Sonoma counties. Median herd size for organic was 
230 cows (ranging from 30 to 1,000). Median herd size 
for conventional dairies was 1,900 (ranging from 1,400 
to 3,500). Because all the conventional dairies in our 
study were large, we are aware that herd size could have 
different effects on immunity, and we note this as a 
caution in interpreting the results.

All conventional dairies were composed of Holstein 
cows. Of the organic dairies, eight raised Holsteins, 

and two raised Jersey and Jersey crossbreed cows. The 
dry-off period (when the cow is pregnant and not lac-
tating) ranged from 2 to 2.5 months for conventional 
dairies and 2 to 4 months for organic dairies. 

The sample size was calculated using JMP software 
(SAS Institute, Cary, North Carolina). The sample size 
was based on detecting a minimum IgG concentration 
of at least 235 milligrams (mg)/deciliter (dL) between 
calves raised in organic and conventional dairies, the 
12.1% current national prevalence of FTPI (Shivley et 
al. 2018), type 1 error = 5%, power = 80%, and a mag-
nitude of error of 0.1. The 235 mg/dL was based on the 
IgG concentration in calves before ingestion of colos-
trum (Chigerwe et al. 2008b). The minimum sample 
required was 320 calves (160 calves in each system). 

Calves nursing milk from a nipple bottle. Photo: Munashe Chigerwe.
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Pouring colostrum into 
a pasteurizer for heat 
treatment before feeding 
calves. The researchers 
found that organic dairies 
were less likely than 
conventional dairies to 
heat-treat colostrum before 
feeding calves. Photo: 
Munashe Chigerwe.

Two hundred forty-four blood samples from 10 organic 
dairies and 299 samples from 22 conventional dairies 
were collected. Holstein calves (222) were overrepre-
sented in the sample population compared to Jersey or 
Jersey crosses (22).

Surveying organic practices 
During the farm visits to organic dairies, calf care-
takers verbally responded to a survey questionnaire 
regarding colostrum management practices, including 
colostral quality assessment, method of feeding, as-
sessment of passive transfer status in calves, number 
of calves born per year, frequency of veterinary visits 
to assess calf health, and frequency and causes of calf 
morbidity and mortality. Because the focus of this 
study is to evaluate colostrum management practices 
in organic dairies, the questionnaire was only adminis-
tered to organic dairies.

Analyzing blood samples
During farm visits, the investigators collected blood (10 
milliliters [mL]) from the jugular vein of 2- to 10-day-
old heifer calves in tubes without anticoagulant. The 
age range of 2 to 10 days was chosen, consistent with 
a previous study (Elsohaby et al. 2015). At least seven 
calves were sampled from each farm. Serum total 
protein (STP) was determined using a hand-held optic 
refractometer. This method is a farm-adaptable test 
to estimate IgG concentrations. Serum samples were 
then stored at −20°C until IgG concentrations were 
determined by radial immunodiffusion, the reference 
method, according to the manufacturer’s recommenda-
tions (Triple J Farms, Bellingham, Washington).

Determination of FTPI was based on two endpoints: 
less than 1,000 mg/dL (Besser et al. 1991; Furman-
Fratczak et al. 2011) and more than 2,001 mg/dL 
(Chigerwe et al. 2015). A recent review recommended 
a goal of at least 40% of calves in the excellent range 

(≥ 2,500 mg/dL), 30% in the good range (1,800–2,490 
mg/dL), 20% in the fair range (1,000–17,900 mg/dL), 
and less than 10% in the poor range (< 1,000 mg/dL) 
of serum IgG concentration categories (Lombard et 
al. 2020). In our study, the < 2,001 mg/dL cut-off was 
considered to appropriately define FTPI if the farm 
had optimal colostral feeding practices (Chigerwe et al. 
2015). The < 1,001 mg/dL cut-off appropriately defined 
FTPI if the farm had fair colostrum feeding practices 
(Chigerwe et al. 2015; Lombard et al. 2020).

Mean ± SEM is reported when data were normally 
distributed, whereas median (95% confidence inter-
val) is reported for non-normally distributed data. 
Responses from the survey questionnaire are orga-
nized and reported. Descriptive statistics of serum IgG 
concentrations and STP concentrations are reported. 
The calf was used as the unit of analysis to calculate 
the prevalence of FTPI. The crude prevalence of FTPI 
with a 95% confidence interval (95% CI) was calculated 
based on serum IgG concentrations. The crude preva-
lence was calculated by dividing the number of calves 
with FTPI by the number of calves enrolled in each 
system (organic or conventional). 

Using the two cut-off points (< 1,000 mg/dL and 
< 2,001 mg/dL), two mixed-effects logistic regres-
sion models predicting the odds ratio of calves with 
FTPI between organic and conventional dairies were 
performed. In the models, management type (con-
ventional or organic), breed (Holstein or Jersey), and 
herd size (small herd ≤ 250 or large herd > 250 milking 
cows) (Karle et al. 2019) were considered fixed effects, 
whereas the individual farm was considered a ran-
dom effect. 

A third mixed-effects logistic regression model was 
also performed to predict the odds of FTPI (serum 
IgG concentrations < 1,000 mg/dL) as a function of 
colostral management variables in organic dairies. 
Colostrum pooling (yes or no), heat treatment of co-
lostrum (yes or no), use of colostrum replacers (yes or 
no), calf age at first colostrum feeding (≤ 2 hours, 3 to 
6 hours or > 6 hours), method of colostrum feeding 
(nursing from the dam, bottle-fed, oroesophageal intu-
bation, or a combination of nursing and bottle feeding), 
and the total volume of colostrum fed within 24 hours 
(at least 4 liters [L] versus a lower amount) were consid-
ered predictor variables. Farm-level variables, includ-
ing breed and herd size, were considered fixed effects in 
the logistic regression models. The individual farm was 
considered a random effect. Colostrum management 
variables considered fixed effects were calf age at first 
colostrum feeding, colostrum pooling, heat treatment 
of colostrum, method of colostrum feeding, the total 
volume fed within 24 hours of age, and use of colos-
trum replacers. JMP Pro software (SAS Institute, Cary, 
North Carolina) was used to perform all analyses. 
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Less monitoring on organic farms 

Organic dairy farms did not assess colostrum quality 
on eight of the 10 farms evaluated. Of the farms that 
assessed colostrum quality, a hydrometer was used on 
one farm, and visual inspection (colostrum thickness 
and color) was used on the other. Colostrum from an 
individual calf ’s dam was fed on eight farms; one farm 
fed pooled colostrum, and one fed calves a combina-
tion of pooled colostrum and colostrum from their 
dams. Only one of 10 farms heat-treated colostrum. 
Colostrum was fed by the bottle on six farms; two 
allowed calves to nurse for 48 to 72 hours after birth; 
one farm fed colostrum by oroesophageal intubation; 
and one farm fed colostrum by the bottle but also al-
lowed calves to nurse for 24 hours. The total volume of 
colostrum fed by oroesophageal intubation or bottle 
ranged from 4 to 6 liters within the first 24 hours of 
life. None of the organic dairy farms fed colostrum re-
placements or colostrum supplements because of the 
perception of the unavailability of organic-certified 
products. None of the farms assessed the passive 
transfer status of calves. The number of calf neonatal 
health veterinary visits ranged from zero to 10 per 
year. Although individual calf records contained 
minimal information, the morbidity for calves self-
reported by producers ranged from 10% to 25%, and 
mortality ranged from 1% to 10%. Causes of mortality 
were not investigated or recorded on any of the or-
ganic dairy farms. All farms reported that calves were 
treated with antimicrobials and excluded from the 
organic herd when necessary. 

More FTPI in organic dairies
Serum IgG and STP concentrations for all calves are 
summarized in table 1. Median (95% CI) serum IgG 
concentrations for organic and conventional dairies 
were 2,199 (1,902, 2,491) and 2,456 (2,337, 2,597) mg/

dL, respectively. The median (95% CI) for STP concen-
trations for organic and conventional dairies were 5.8 
(5.6, 6.0) and 5.8 (5.6, 5.9) g/dL, respectively. 

Using the < 1,000 mg/dL cut-off point, the preva-
lence of FTPI in calves was 20.5% (50/244; 95% CI, 
15.9, 26.0) and 10.4% (31/299; 95% CI, 7.4, 14.4) for 
organic and conventional dairies, respectively. At the 
1,000 mg/dL cut-off point, the odds of FTPI in calves 
raised on organic dairies were 2.5 times greater (odds 
ratio = 2.5; 95% CI, 1.5, 4.3; P = 0.0008) than in calves 
raised on conventional dairies. At the 1,000 mg/dL cut-
off point, herd size (P = 0.835) and breed (P = 0.115) 
were not significant predictors of FTPI. All P-values 
were > 0.05 for all farms when the farm was entered as 
a random effect in the logistic regression model. 

Using the < 2,001 mg/dL cut-off point, the preva-
lence of FTPI was 45.1% (110/244; 95% CI, 39.0, 51.4) 
and 35.2% (105/299; 95% CI, 30.2, 41.0) mg/dL for 
organic and conventional dairies, respectively. At the 
< 2,001 mg/dL cut-off point, the odds of FTPI in calves 
raised on organic dairies was 2.3 times greater (odds 
ratio = 2.3; 95% CI, 1.5, 3.4; P < 0.0001) than in calves 
raised on conventional dairies. At the < 2,001 mg/dL 
cut-off point, herd size (P = 0.0006) was a significant 
predictor of FTPI, whereas breed (P = 0.272) was not a 
significant predictor of FTPI. All P-values were > 0.05 
for all farms when the farm was entered as a random 
effect in the logistic regression model. 

Seventeen calves were excluded from the logistic 
regression analysis because they only nursed colostrum 
from the dam. Therefore, the time to first feeding and 
the volume of colostrum consumed could not be accu-
rately determined. Colostrum pooling (P = 0.379) and 
herd size (P = 0.683) were not predictors of FTPI. Farm 
(P > 0.05 for all farms) had no significant effect on the 
odds of FTPI. Method of colostrum administration (P 
= 0.029) and volume of colostrum administered were 
significant (P = 0.047) predictors of FTPI. In contrast, 
breed, calf age at first feeding, and heat treatment of 

Organic dairy 
producers 
should consider 
assessing 
colostral 
immunoglobulin 
G concentrations 
and passive 
immunity status 
in calves.

TABLE 1. Comparison of STP and serum IgG concentration categories for calves raised on organic and conventional 
dairy farms

Category and range Organic dairies % (N) Conventional dairies % (N)

STP concentrations (g/dL)

< 5.2 29 (70)a 21 (64)a

5.2–5.7 15 (37)b 24 (73)c

5.8–6.3 17 (42)d 30 (87)d

> 6.3 39 (95)e 25 (75)f

Serum IgG concentrations (mg/dL)

< 1000 21 (50)a 10 (31)b

1001–1500 13 (31)c 10 (28)c

1501–2000 12 (29)d 15 (46)d

> 2001 54 (134)e 65 (194)f

Total 244 299
IgG = immunoglobulin G, STP = serum total protein.

Rows with different letter superscripts are different (P < 0.05).
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colostrum were not significant predictors of FTPI (P > 
0.05). The odds for FTPI in calves fed 4 liters or less of 
colostrum by the bottle or oroesophageal intubation 
alone was 2.9 times (odds ratio = 2.9; 95% CI, range of 
1.5 to 5.7) greater than calves that were fed more than 4 
liters of colostrum by the bottle and also were allowed 
to nurse from the dam.

Colostrum recommendations 
Consistent with our hypothesis, the prevalence of FTPI 
in calves raised on organic dairies (20.5%) was higher 
than in calves raised on conventional dairies (10.4%). 
In our study, the prevalence of FTPI in calves raised 
on organic dairies was lower than in a previous study 
that reported 31% (Johnsen et al. 2019) when a cut-
off point of < 1,000 mg/dL was used to define FTPI. 
Interestingly, the prevalence of FTPI in calves raised 
on organic dairies in our study is consistent with the 
FTPI prevalence estimate reported in a U.S. national 
survey (excluding organic dairies) over 10 years ago 
(Beam et al. 2009). In contrast, our study’s prevalence 
of FTPI in conventional dairies was consistent with a 
recent national survey of all dairies (organic and con-
ventional), which reported FTPI prevalence of 12.1% 
(Shivley et al. 2018). The decrease in prevalence of FTPI 
based on these two cross-sectional studies (Beam et al. 
2009; Shivley et al. 2018) and the results of our study 
suggest that positive improvements in colostral feeding 
practices over the last decade might be limited to con-
ventional dairies. 

When a cut-off point of < 2,001 mg/dL was used 
to define FTPI in calves, the prevalence of FTPI was 
very high for calves raised on both organic (45.1%) and 
conventional (35.2%) dairies. This suggests that the 
cut-off point of < 2,001 mg/dL for defining FTPI might 
not be appropriate in our study because we did not 
determine optimal cut-off points specific for organic 
dairies or determine colostral feeding practices in con-
ventional dairies. 

In our study, the proportion of calves in the poor 
serum IgG concentrations category from conventional 
dairies (10%) was consistent with recommendations by 
Lombard and others (Lombard et al. 2020), discussed 
above. In contrast, the proportion of calves in the poor 
serum IgG concentrations category from organic dair-
ies was higher (21%) than recommended. 

The total volume of colostrum fed within 24 hours 
was associated with FTPI in calves raised on organic 
dairies, with 4 liters or less associated with a higher 
probability of FTPI, compared to more than 4 liters. 
Previous studies indicated that mean serum IgG con-
centrations at 24 hours were significantly higher for 
calves fed 4 liters of colostrum at 0 hours and an ad-
ditional 2 liters at 12 hours, compared with calves fed 
only 2 liters of high-quality colostrum at 0 hours and 
an additional 2 liters at 12 hours (Morin et al. 1997). 
This might suggest that calves in our study that were 
fed more than 4 liters of colostrum were likely to have 

consumed the recommended dose of at least 150 to 
200 grams of IgG. In a nationwide U.S. study, 60% of 
maternal colostrum had concentrations lower than 
the recommended industry standards, with colostrum 
samples from Arizona, California, and Texas record-
ing the lowest colostral IgG concentrations (Morill et 
al. 2012). 

The age of the calf at first colostrum feeding was 
not a significant variable predicting FTPI in our study. 
This contrasts with previous studies indicating that 
calves fed colostrum at ≤ 6 hours were at lower risk 
for FTPI than calves older than 6 hours (Fischer et al. 
2018). A possible reason for this difference is the lack of 
precise individual calf age at first colostrum feeding in 
our study. Calves who were both fed colostrum by the 
bottle and allowed to nurse from dams within 24 hours 
after birth were likely to achieve adequate transfer of 
passive immunity because they ingested at least 4 liters 
of colostrum. 

Responses from the survey questionnaire indicated 
that organic dairies fed colostrum by oroesophageal 
intubation or nipple bottle or allowed calves to nurse. 
Based on the responses from the survey, the majority 
of organic dairies did not routinely check the quality of 
colostrum before feeding, use colostrum replacers, or 
check for passive transfer status in calves. Furthermore, 
organic dairies did not have frequent veterinary calf 
health visits or detailed preweaning morbidity and 
mortality calf records. The lack of frequent veterinary 
visits in our study was consistent with previous studies 
indicating that organic dairies were associated with less 
frequent veterinary usage (Richert et al. 2013).

The findings in our study suggest that organic dair-
ies should consider increased assessment of colostrum 
quality and passive transfer status in calves raised on 
organic dairies. In particular, organic dairy producers 
should consider affordable tests for assessing colostrum 
and monitoring passive transfer status in calves, such 
as refractometry (Quigley et al. 2013), as a management 
strategy to monitor and reduce FTPI. Furthermore, 
organic dairies should consider improving record keep-
ing during the calf period, including morbidity and 
mortality events for calves. 

A limitation of our study is that farms were not ran-
domly selected; thus, the results have limited external 
validity. Although the individual farm was included as 
a random effect in the analysis, all organic dairies in 
our study were in Northern California. In contrast, all 
conventional dairies were in the Central Valley, consis-
tent with the distribution of dairy farms in California. 
Thus, the geographical location might have an impact 
on colostrum management. The number of conven-
tional dairies enrolled in the study was higher than the 
number of organic dairies. Therefore, the information 
on colostrum management practices in organic dairies 
might not be representative. Further, colostral IgG con-
centrations were not determined; therefore, the effect 
of colostral IgG concentrations on FTPI could not be 
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assessed. The survey questionnaire responses were self-
reported and therefore prone to response bias. 

Because the focus of our study was to compare the 
prevalence of FTPI between organic and conventional 
dairies and further assess the colostrum-feeding prac-
tices on organic dairies to fill a knowledge gap, we did 
not evaluate colostrum feeding practices on conven-
tional dairies. While this is another limitation of our 
study, conventional practices have been described in 
several studies. Consequently, studies comparing colos-
trum management practices between organic and con-
ventional dairies should be considered. Further studies 
on colostrum quality assessments, passive transfer 
status assessments, and morbidity and mortality events 
attributable to FTPI in calves raised on organic dairies 
are warranted.

In summary, because the odds of FTPI in calves 
raised on organic dairies were twice as high as those 

raised on conventional dairies, organic dairy producers 
should consider assessing colostral IgG concentrations 
and passive immunity status in calves to monitor and 
reduce FTPI. C
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