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Intrauterine and transmammary transmission of
Mycobacterium avium subsp paratuberculosis in sheep

C LAMBETHa, LA REDDACLIFFb, P WINDSORa, KA ABBOTTc, H McGREGORa and RJ WHITTINGTONa

Faecal excretion is the main source of environmental contamina-
tion with M a paratuberculosis, and is probably the main means of
transfer of infection between animals. Exposure to infected faeces
can occur by ingestion of contaminated pasture, soil, or water, or
in suckling animals, from faeces on the teats.1 Clinically affected
sheep can excrete enormous numbers of organisms in their
faeces,2 and faecal contamination from even a single clinical case
may be sufficient to infect many susceptible animals. Studies in
both cattle and sheep indicate that young animals are the most
susceptible, whereas adults require higher doses and longer incu-
bation periods to show signs of disease.3-5

Current strategies to reduce transmission are based on the above
knowledge, and are designed to avoid exposure of young lambs to
potentially infected adults. Such practices include artificial rearing
of lambs, rearing young sheep away from adults or pasture grazed
by adults, and rearing of rams in sheds. However, these methods
all rely on the assumption that lambs are unlikely to become
infected by intrauterine or transmammary transmission, and to
date there is little information specific to sheep on which to base
this assumption. 

Reports suggest that 26 to 35% of foetuses from clinically affected
cows are infected with M a paratuberculosis,6 7 while about 10% of
foetuses from subclinically infected cows are infected.8 There are
few references to possible foetal infection in sheep. In one study,
acid-fast bacilli were cultured from the hepatic lymph nodes of a
foetus from a sub-clinically infected ewe, and M a paratuberculosis
was identified in the uterine mucosa of 4 ewes which were posi-
tive in the complement fixation test.9 The detection of antibodies
to M a paratuberculosis using double immunodiffusion and coun-
terimmunoelectrophoresis tests in 3% of lambs before suckling
from seropositive ewes is also suggestive of intrauterine expo-
sure.10 Most sheep strains of M a paratuberculosis have until
recently been difficult to culture in vitro,11 which might lead to
under-reporting of foetal infection in this species, given that
foetal infection is usually without lesions.12

There are also a number of reports of possible transmammary
infection in cattle. Several investigations have shown that subclin-
ically infected cows can excrete M a paratuberculosis in their milk.
One study found that 22% excreted the organism in their
colostrum and 3% in milk.13 Another found 12% of subclinically
infected cows were shedding M a paratuberculosis in milk and that
prevalence of excretion in milk correlated with the amount of
shedding in faeces.14 Clinically affected cows are even more likely
to excrete the organism in milk, with one study showing a preva-
lence of 45%.15 There are no references concerning the culture of
M a paratuberculosis from the milk of sheep. However, the situa-
tion may be similar to that in cattle, as shown by a recent study
which detected M a paratuberculosis DNA by PCR in 88% of
milk samples from sheep that were positive in the gamma-inter-
feron test.16 The numbers of organisms in infected milk may be
very low compared to the numbers excreted in faeces. A single

Objective To investigate intrauterine infection of foetuses with
Mycobacterium avium subsp paratuberculosis and the pres-
ence of infection in mammary secretions of sheep.

Design A study of 142 late-pregnant ewes and their foetuses
from two heavily infected flocks.

Procedure Infection of ewes was determined at necropsy by
histopathology and culture of tissues and mammary secretions.
Antemortem tests (clinical assessment, faecal culture and
serology) were also applied. Foetuses from 59 infected ewes
and 47 apparently uninfected ewes were examined by culture
and histopathology.

Results Five of five ewes with clinical ovine Johne’s disease
had infected foetuses. Only one of 54 subclinically affected
ewes, and none of 47 uninfected ewes had an infected foetus. M
a paratuberculosis was cultured from mammary secretions or
mammary glands of only two of 76 ewes, both of which were
clinical cases and had infected foetuses.

Conclusion Although intrauterine or transmammary trans-
mission of Mycobacterium avium subsp paratuberculosis may
occur frequently in clinically affected sheep, these are less
common in subclinically infected ewes. Therefore these modes
of transmission are unlikely to compromise existing control
programs for ovine Johne’s disease on most farms, especially if
programs include the immediate culling of clinically affected
sheep.
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AGID Agar gel immunodiffusion
HPC Hexadecylpyridinium chloride
ICV Ileocaecal valve 
M a paratuberculosis Mycobacterium avium subsp

paratuberculosis 
MLN mesenteric lymph node(s) 
OJD Ovine Johne’s disease 
SLN Supramammary lymph node
TI Terminal ileum 

Control of OJD, as distinct from eradication, depends on
accurate information on the mode of transmission of
infection between sheep. This is especially important to

enable the development of strategies to reduce disease on indi-
vidual properties, for trading sheep from infected properties and
for infected studs seeking to eliminate OJD while preserving their
genetic base.
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instruments were used for each foetus and each ewe, and ewe and
foetal samples were collected by different operators. Chopping
boards were scrubbed clean, then boiled in a steriliser for at least
10 minutes between each animal. New gloves were used for each
animal. Samples from ewes were collected in the specific order
below to avoid cross-contamination of mammary secretion from
intestinal contents or MLN. The mammary gland and inguinal
region were thoroughly scrubbed with medicated soap and water,
to remove possible faecal contamination.

Samples from foetus — The flank of the ewe was incised, the
uterus exteriorised, then incised along the curvature of the spine
of the foetus. The foetus was exteriorised onto a chopping board
and euthanased if necessary with an intracardiac injection of
pentobarbitone. Following collection of a foetal cotyledon, the
umbilical cord was severed and the foetus removed to a separate
table before the remaining samples were taken. Initially, samples
were collected from all foetuses, but subsequently, due to a high
rate of twinning, only one foetus per ewe was sampled, except
when the ewe had gross lesions indicative of OJD. 

Samples from ewes — After removal of the foetus, an incision was
made 2 to 3 cm above the base of the teat, and up to 10 mL of
mammary secretion was collected. The secretion frequently had a
thick honey-like consistency and was difficult to collect using a
syringe. In these cases, a sterile needle cap was used to scoop out
as much secretion as possible. Samples were often less than 1 mL
in volume, with no secretion obtained from some ewes. The SLN
was then collected. Finally, the abdominal cavity was inspected for
gross lesions of OJD (thickening of TI/ICV, enlargement of
MLN, cording of lymph vessels), and MLN then intestinal
samples were collected. 

Processing of mammary secretion and samples collected from foetuses
Tissues collected from foetuses were stored, then samples from
selected foetuses were processed for culture and histopathological
examination after the results of culture and histopathology from
ewe samples were known. From Farm A, tissues were processed
from all foetuses collected from infected ewes, and from foetuses
from 47 apparently uninfected ewes. Tissues from all foetuses
from the six Farm B ewes were also processed. Similarly,
mammary secretions, were stored, then cultured from all infected
ewes that yielded secretion, and from 32 uninfected ewes.

Histopathology
Fixed tissues were processed routinely for histopathology, then
stained with hematoxylin and eosin and the Ziehl-Neelsen
method. The lesions from ewes were graded using an adaptation
of the classification of Perez,20 with an additional category (2N)
to include sheep with lesions in the MLN only. 

Culture for M a paratuberculosis
Samples were initially held at 4°C, then frozen at -80°C within 10
hours, and stored for up to 6 months. 

Preparation of tissues — These were prepared as previously
described.11 Briefly, each sample (2 to 5 g) was trimmed of excess
fat, homogenised in 2 mL of sterile normal saline, then mixed
with 25 mL of 0.75% HPC (Sigma Chemical Co., St Louis, MO)
in a 35 mL polystyrene tube. This was left undisturbed at room
temperature for 72 hours. A 100mL aliquot was removed from
near the bottom of the tube by aspiration using a 25 gauge needle
on a tuberculin syringe, and inoculated into a BACTEC vial. A
modification of the tissue protocol, using a centrifugation step
which provides greater sensitivity,21 was used for tissues from

study in subclinically infected cattle found only 2 to 8 colony-
forming-units per 50 mL.14 More M a paratuberculosis organisms
are present in colostrum, probably due to its containing large
numbers of macrophages.17 Colostrum is available to the neonate
when it is most susceptible to infection, and specific antibodies in
colostrum of animals with antibodies M a paratuberculosis, have
been shown to increase the uptake of M a paratuberculosis by
intestinal M cells.18 Thus, neonatal infection may be more likely
to occur from the ingestion of infected colostrum rather than
milk, but the significance of mammary excretion of M a paratu-
berculosis in the epidemiology of ovine Johne’s disease is unclear. 

The primary aim of this study was to determine the probability of
intrauterine or transmammary infection from subclinically
infected Merino sheep to their lambs. This is important because it
is a potential source of breakdown in OJD control programs. For
comparison, a small number of clinically affected pregnant ewes
were included in the study, although clinically affected sheep
would usually be culled in a control program.

Materials and methods
Animals
The main study was conducted on Farm A, located near
Goulburn on the Southern tablelands of New South Wales. This
farm had a high prevalence of M a paratuberculosis infection.
Annual mortalities of up to 20% from OJD had been recorded,
and 8 to 16% of clinically normal 2-3-year-old sheep were posi-
tive in the AGID test. In August 2000, 159 3-year-old ewes were
randomly selected for this study, and were grazed as a single mob.
In August 2001, blood and faecal samples were collected from the
145 surviving ewes, now 4-years-old, and then necropsy examina-
tions were performed during four farm visits over a two week
period. Nine non-pregnant sheep were excluded, leaving 136 ewes
in the study. The age of foetuses at the time of necropsy ranged
from 95 to 149 days, based on crown-rump length. On a second
farm (Farm B), six late-pregnant ewes with clinical signs sugges-
tive of OJD were necropsied. 

Agar gel immunodiffusion test (Farm A animals only)
Blood was collected into plain vacutainers, allowed to clot and
retract at room temperature, then stored at 4oC. Serum was
removed within 48 hours for testing using the AGID test.19

Necropsy samples 
Duplicate samples of tissues were collected into sterile 5 mL
containers for culture of M a paratuberculosis, and into 10%
neutral buffered formalin for histopathology. The following
tissues were collected from each ewe: ICV, TI (a pool of two
samples taken at intervals of approximately 10 cm proximal to the
ICV), MLN (a pool of three samples comprising an ileocaecal
node, the caudal jejunal node and another more proximal node)
and SLN. Mammary secretion was collected into a 10 mL sterile
centrifuge tube for culture only. The following tissues were
collected from each foetus: cotyledon, ICV, spleen and pools of
TI and MLN as above. The ICV and TI samples from each ewe or
foetus were pooled for a single ICV/TI culture. In addition,
uterus, uterine lymph node and mammary gland from ewes, and
liver and umbilicus from foetuses, were collected from the Farm B
animals.

Necropsy procedure
Ewes were euthanased with intravenous injection of pentobarbi-
tone and placed on their right side. Particular care was taken to
avoid cross-contamination between samples. Separate sterile
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foetuses of 30 of the 47 uninfected ewes. For each of these
foetuses, only two BACTEC cultures were done – cotyledon, and
a pooled culture of TI/ICV, MLN and spleen.

Preparation of faeces — A double incubation method was used.11

Briefly, 2 to 5 g of faeces was mixed with 10 to 12 mL of sterile
normal saline in a 15 mL polypropylene tube. After mixing, the
tube was allowed to stand for 30 min at room temperature. Five
mL of fluid from near the surface was transferred to a 35 mL
polystyrene tube containing 25 mL of 0.9% HPC in half-strength
brain heart infusion broth (Oxoid, Basingstoke, England) and
allowed to stand at 37°C for 24 h. The tube was then centrifuged
at 900 g for 30 min. The pellet was resuspended in 1 mL of sterile
water with vancomycin (100 µg/mL), nalidixic acid (100 µg/mL)
and amphotericin B (50 µg/mL) and incubated for 72 h at 37°C.
Sediment was then resuspended by vigorous agitation, and 100
mL was inoculated into a BACTEC vial.

Preparation of mammary secretion – Thawed samples were trans-
ferred to a new 10 mL sterile centrifuge tube and the volume
made up to 10 mL with sterile phosphate buffered saline. Samples
were mixed on a tube rotor at 37°C for 2 to 3 hrs, then
centrifuged at 2500 g for 15 min. The supernatant was discarded
and 5 mL of 0.75% HPC was added to the pellet. Pellets were
resuspended by mixing on a tube rotor at 37°C for 1 to 2 hrs,
then left undisturbed at room temperature for 72 hrs. 100mL was
removed from near the bottom of the tube by aspiration using a
25 gauge needle on a tuberculin syringe, and inoculated into a
BACTEC vial. 

BACTEC culture — BACTEC vials were incubated at 37°C for
up to 20 weeks. The modified BACTEC 12B radiometric
medium consisted of 4 mL enriched Middlebrook 7H9 medium
(BACTEC 12B; Becton Dickinson, Sparks, Md) with 200 µL
PANTA PLUS (Becton Dickinson), 1 mL egg yolk, 5 µg of
mycobactin J (Allied Monitor Inc, Fayette, MO) and 0.7 mL of
water.11 Growth indices were measured weekly with a BACTEC
460 machine (Johnston Laboratories, Towson, MD), and the
presence of M a subsp paratuberculosis in growth index positive
vials was confirmed using PCR for IS900 and restriction endonu-
clease analysis.11,22

Classification of infected animals
The following criteria were used to classify sheep with regard to
OJD:

Infected sheep — Any animal which had histopathological lesions
consistent with OJD and/or had a positive culture (from tissues
and/or faeces and/or milk) was classified as infected. 

Clinical OJD case — Infected sheep with clinical signs indicative
of OJD (emaciation, with or without diarrhoea) were classified as
clinical cases only if their pathology was widespread and severe
(Perez classifications 3b (severe, diffuse multibacillary) or 3c
(severe, diffuse paucibacillary)).20

Subclinical OJD case — Infected sheep without clinical signs of
OJD were classified as subclinical OJD cases. Infected sheep with
clinical signs, but with lesions not sufficiently extensive to have
caused the clinical signs, were also classified as subclinical cases.

Uninfected sheep — These animals were negative by histo-
pathology and culture for OJD. While infection was not detected
in these sheep, it is possible that some were infected in tissues not
sampled, or infection in the sampled tissues was below the limits
of detection.

Statistical analysis
The 95% binomial confidence intervals for the mean number of
infected foetuses from ewes in the three categories of infection
were calculated using Statmate (GraphPad Software, San Diego,
CA 92121, USA). 

Results
Ewes
Summary findings from the ewes is given in Table 1. Overall,
42% of ewes (59 of 142) were confirmed to be infected. Five ewes
were classified as clinical OJD cases and 54 ewes were subclinical
cases.

Culture results — M a paratuberculosis was cultured from at least
one tissue from 35% of ewes (46 of 136 ewes from Farm A and 4
of 6 from Farm B). MLN cultures were positive in 37 ewes and
ICV/TI in 33. SLN cultures were positive in three ewes, and these
ewes had no histopathological lesions of OJD. In another ewe
with no lesions, M a paratuberculosis was isolated only from the
uterus. Mammary secretion and/or mammary gland was cultured
from 76 ewes (3 clinical OJD cases, 41 subclinical cases and 32
uninfected). Only two positive cultures were obtained, both from
the mammary tissue of clinical cases.

Histopathology — Lesions of OJD were present in 34.5% of ewes
(45 of 136 from Farm A and 4 of 6 from Farm B). All but 9 of the
histologically positive ewes were also culture-positive. These nine
ewes had focal lesions only in the Peyer’s patches of the intestine
or in MLN (categories 1 or 2N). 

Antemortem examination — M a paratuberculosis was cultured
from the faeces of only 7% of ewes (9 of 136 from Farm A, and 1
of 4 from Farm B), and in each of these ewes, tissues were also
culture-positive. Six of 136 sheep were positive in the AGID, with
five of these confirmed as infected (four subclinical and one clinical).
Twelve sheep had clinical signs consistent with OJD, but only eight
of these were confirmed infected (five classified as clinical cases and
three subclinical). Overall, antemortem examination detected only
30% of the subclinically infected ewes (16 of 54).

Foetuses
Samples from 119 foetuses out of 106 ewes were examined. These
included six foetuses from five clinical cases, 63 foetuses from 54
subclinically infected ewes and 50 foetuses from 47 uninfected
ewes. 

Culture results — M a paratuberculosis was isolated from six
foetuses. Foetal cotyledon was positive in all six cases, and was the
only culture-positive tissue in four of these. In two foetuses, M a
paratuberculosis was also isolated from other tissues (spleen, liver
and umbilicus). 

Histopathology — There were no significant lesions consistent
with OJD in any foetus. 

Table 1. Numbers of ewes from two farms classified as clinical cases, sub-
clinical cases or uninfected with regard to OJD.

Confirmed Subclinically Not detectably Total
clinical cases infected infected ewes

Farm A 2 52 82a 136

Farm B 3 2 1 6

Total 5 54 83 142

aFoetuses from only 47 of these ewes were examined.
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routinely used for culture of tissues, about 102 – 103 organisms.21

In similar studies on cattle, 50 mL samples were used and few
organisms were isolated (2-8 colony-forming-units per 50 mL).14

In the current study, the combination of small sample volume and
culture sensitivity means that such low numbers of organisms
would not have been detected. However, if infective dose of M a
paratuberculosis in milk for sheep is similar to that demonstrated
for experimental oral infection (> 104 organisms),23 then infec-
tion via the milk is unlikely to be of practical significance in most
flocks. Also, of the only two ewes in this study with positive
cultures from milk or mammary tissue, foetuses were shown to be
already infected. However, further studies, using samples from
lactating ewes, are needed to more reliably determine the amount
of transmammary transmission in sheep.

In a herd of dairy cattle, the use of infected pooled colostrum in
calves could potentially disseminate infection rapidly, and
pasteurisation does not completely remove M a paratuberculosis
from colostrum.17 However, in beef or sheep enterprises, where
neonates usually remain with their dams, there is more risk of oral
exposure to infective faeces, and whether or not infection occurs
via the milk may be less important. In special cases, such as when
small numbers of genetically valuable lambs were to be ‘salvaged’,
colostrum should be obtained from tested uninfected ewes to
reduce the risk of transmammary infection. Whilst possible
congenital infection could never be completely avoided, the

Correlation of infection in ewes and foetuses
Table 2 shows the relationship between the OJD classification of
ewes and the findings from their foetuses, and Table 3 shows the
test results for all ewes which had infected foetuses. All five ewes
in this study with confirmed clinical OJD had an infected foetus.
In one ewe, only one of twin foetuses was infected, so that in total
83% of foetuses from the clinical OJD cases were infected. From
the subclinically infected ewes, only 1.6% of foetuses were
infected. M a paratuberculosis was not isolated from any of the
foetuses from uninfected ewes. 

Discussion
This study of vertical transmission of M a paratuberculosis was
conducted in two flocks with a high prevalence of OJD, and all
six ewes selected from Farm B had clinical signs indicative of
OJD. Even so, only 5% of foetuses (6 of 119) were demonstrated
to be infected, and all but one were from ewes classified as clinical
cases of OJD. In four infected foetuses, cotyledon was the only
tissue that was positive on culture, and this would almost
certainly have contained some maternal tissue. Thus only two
foetuses had unequivocal infection in foetal tissues, and both were
from confirmed clinical cases. 

Five of the 6 ewes with infected foetuses had severe diffuse
histopathological lesions, typical of advanced OJD. Two of these
were from Farm A. Both had clinical signs consistent with OJD,
M a paratuberculosis was cultured from faeces, and one was posi-
tive in the AGID test. Both would have been readily detected by
routine antemortem screening for OJD. The other 3 ewes with
severe lesions were from Farm B, and all had clinical signs of
OJD. Faecal culture results were available for only one (positive).
Although the final ewe had clinical signs indicative of OJD, M a
paratuberculosis was cultured only from the uterus, and there were
no histopathological lesions of OJD, so it was classified as a
subclinical case. No AGID result was available, and except for the
clinical signs, the cause of which was not determined, it may not
have been detected by routine antemortem tests for OJD.

M a paratuberculosis was not isolated from any of the samples of
mammary secretion, but it was cultured from the mammary
glands of two clinical cases from Farm B. A further three ewes
were culture positive in
the SLN with no other
findings indicative of
OJD, but the signifi-
cance of this is unclear.
The mammary secretion
samples in this study
were not ideal. Due to
the range of gestational
ages, samples varied from
gelatinous secretion
through to colostrum.
The amount that could
be collected ranged from
less than 1 mL up to 10
mL, and the consistency
of the samples made
them difficult to collect.
The culture method used
for these samples prob-
ably had a similar analyt-
ical sensitivity to that

Table 2. Comparison of foetal infection with the infection status of their
dam.

Infection Number Number of Number of % ewes with % infected
status of of ewes foetuses infected infected foetuses
ewe foetuses foetus (95% CI)

Clinical OJD 5 6 5 100 83 (36,100)

Subclinical 54 63 1 1.9 1.6 (0,9)

Uninfected 47 50 0 0 0 (0,7)

Subclinical or 101 113 1 1 0.9 (0,5)
uninfected

Total 106 119 6 5.7 5.0 (2,11)

Table 3. Results of antemortem and postmortem tests for OJD from 6 ewes that had infected foetuses.

Farm OJD Clinical Histological Culture from tissues Faecal AGID
category signs findingsa

ICV/TI MLN SLN other Mammary
culture test

gland or
secretion

A Clinical + + (3c) + + - ns ns + -

A Clinical + + (3b) + + - ns ns + +

Bb Clinical + + (3c) + + ns + + ns ns
(uterus)

Bb Clinical + + (3b) + + ns + - ns ns
(uterus)

B Clinical + + (3b) + + ns + + + ns
(uterine LN)

B Subclinical + - - - ns + - - ns
(uterus)

aLesion classification according to Perez20 in parentheses.
bFoetuses from these ewes were culture-positive in tissues other than cotyledon.
+ = Positive
- = Negative
ns = No sample or results not available.
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results from our study indicate that simply excluding ewes in poor
body condition will greatly reduce the risk of foetal infection.
Antemortem testing may further reduce that risk, although
current tests will fail to detect a large proportion of subclinically
infected sheep.

In both the current and reported studies of foetal M a paratuber-
culosis infection, there is no indication whether any of the infected
foetuses may remain subclinical carriers or later progress to
become clinical cases. The ovine foetus has been reported to be
unable to mount an immune response to certain antigens,
including BCG,24 and this immaturity of the immune system
may extend to M a paratuberculosis. As the immune system
matures after birth it is possible that infection may be eliminated
from some infected foetuses, or conversely, that some degree of
tolerance may occur, increasing the likelihood of development of
a carrier state. This has not been studied, but an observation made
in 1935 that a calf born to a cow with clinical Johne’s disease was
skin test positive at one month of age and later developed Johne’s
disease, despite extreme precautions taken during the birth of the
calf, suggests that at least some infected foetuses may later develop
Johne’s disease.25

The findings from our study reinforce current recommendations
for the control of OJD in infected flocks. In flocks with a high
prevalence of infection, it is advisable to immediately remove any
clinically affected ewes from the flock, and not retain their
progeny if these can be identified. This will substantially reduce
the risk of the birth of an infected lamb and simultaneously
reduce the amount of contamination of pastures with faeces
containing M a paratuberculosis. The finding of a high amount of
foetal infection in ewes with clinical OJD was not surprising,
considering the published studies in cattle. The low amount of
foetal infection in subclinically affected ewes and its absence in
apparently uninfected ewes is more important. Considering these
two groups together, only 0.9% (95% CI, 0 - 5) of foetuses were
infected. Remembering that these were from flocks with a high
prevalence of OJD, our findings provide some assurance that
congenital infection is unlikely to be a significant barrier to
existing control or stud recovery programs.
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