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Immunosuppression is a term that 
poultry veterinarians use to describe the 
effects of diseases that compromise the 
immune system and sometimes lead to 
secondary infections.  

But what exactly is immunosuppression? 
How does it manifest in chickens 
clinically and subclinically? And how can 
it be diagnosed and measured?

In a recent interview, Bill Stanley, DVM, a 
poultry veterinarian with Boehringer 
Ingelheim who’s worked extensively in 
the field with immunosuppressive 
diseases — Marek’s disease (MD) and 
infectious bursal disease (IBD), to name a 
few — shared his expertise on the topic 
and, more significantly, explained what 
veterinarians and other decision-makers 
need to know about this costly yet often 
misunderstood problem.

Isabel Gimeno, DVM, PhD, a professor 
and immunologist at North Carolina State
University (NCSU) who has conducted

research and published dozens of 
scientific articles on tumor-causing 
poultry diseases, provided additional 
perspectives.

Q : FIRST, LET’S GET EVERYONE ON THE 
SAME PAGE WITH A SIMPLE DEFINITION 
OF IMMUNOSUPPRESSION.       

Stanley: Simply put, immunosuppression 
is a decrease in the activity or efficacy of 
the immune system. 

Immunosuppression manifests in 
chickens in many ways, often leading to 
secondary bacterial infections. These 
infections include colibacillosis, systemic 
infections of Enterococcus spp. and 
clostridial diseases such as necrotic 
enteritis and gangrenous dermatitis.

The condition also can lead to poor 
response to vaccination, increases in
Salmonella colonization in the intestines
and higher incidence of viral infections

“ Immunosuppression 
manifests in chickens 
in many ways, often 
leading to secondary 
bacterial infections.
BILL STANLEY, DVM ”
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Stanley: It is a long list. And 
unfortunately, it doesn’t end there. In 
immunosuppressed flocks, we also see 
more aggressive cycling of Eimeria, 
which causes coccidiosis — a condition 
that almost always leads to reductions in 
live performance. In these situations, it’s 
also common to observe clinical changes 
in immune organs, such as the bursa of 
Fabricius and thymus.

Gimeno: Actually, the list of health 
problems from immunosuppression is 
even longer than that. 

Understand that a proper immune 
response is critical to protect the chickens 
against any pathogen — not just those 
that cause immunosuppressive diseases. 

Furthermore, in the poultry industry, 
we primarily rely on preventive 
medicine because our options for 
treatments are very limited. If flocks are 
immunosuppressed, they will be unable 
to mount an immune response to an 
infection or to a vaccine.

ASSESSING IMMUNOSUPPRESSION  

Q : WHAT CLINICAL CHANGES DO YOU SEE IN 
IMMUNOSUPPRESSED FLOCKS? 

Stanley: We might see an increase 
or decrease in immune-organ size, 
hemorrhaging within the tissue and/or 
changes in color. Gross changes in the
organs are often subtle and require the 
help of a trained avian pathologist to 
determine the presence or absence 
of disease.

Gimeno: Unfortunately, immuno-
suppression isn’t always obvious.

Q : DR. STANLEY, YOU CITED A LONG 
LIST OF HEALTH PROBLEMS STEMMING 
FROM IMMUNOSUPPRESSION. 

Flock performance might 
have been substandard well 
before the producer realized 
there was immunosuppression 
in the flock;

Treatments to control parasitic 
and/or bacterial disease 
might have been less effective 
than expected; 

Routine vaccination programs 
against common diseases might 
have been less effective and 
needed to be modified or 
intensified to improve protection.

•

•

•

such as inclusion body hepatitis, 
infectious laryngotracheitis (ILT),  
infectious bronchitis virus and 
avian metapneumovirus.

Gimeno: I like to think of immuno-
suppression as an iceberg; we see just 
a fraction of the problem on the surface, 
but it’s actually much bigger and deeper. 

As Dr. Stanley indicated, affected 
flocks may see poor responses to 
vaccines or increased incidence of 
disease in immunosuppressed flocks. 
However, before we even think that 
immunosuppression is the primary 
cause for a poultry company’s economic 
losses, it’s important to understand the 
producer has already lost a lot of money 
from the ripple effect of the condition. 
For example:

I like to think of 
immunosuppression as 
an iceberg; we see just 
a fraction of the problem 
on the surface, but it’s 
actually much bigger 
and deeper.
ISABEL GIMENO, DVM, PhD
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Any mismanagement of the three 
elements in the triad could lead to an 
immune-system deficiency.

Often in the field, the best indicator 
of immunosuppression in chickens is 
higher incidence of the previously noted 
secondary diseases.

Gimeno: As Dr. Stanley has mentioned, 
immunosuppression can be measured, 
but it’s not always easy to do. It 
greatly depends on the cause of 
immunosuppression. 

Some viruses — IBD virus, for example 
— affect mainly the humoral immune 
responses (antibodies). One can assess 
immunosuppression due to IBDV based 
on atrophy of the bursa of Fabricius and 
lack of proper antibody responses to 
various vaccines. 

Measuring antibodies by ELISA (enzyme-
linked immunosorbent assay) is another
option. Antibody testing by ELISA is 
done routinely in commercial flocks. 
However, other viruses such as chicken 
anemia virus (CAV) affect mainly the 
cellular immune responses (cytotoxic T 
lymphocytes or CTL), which are more 
complex to evaluate. 

Thymus atrophy could be a lesion to 
evaluate, but measuring reduced CTL
responses in the laboratory requires

Understanding immunosuppression in poultry — and how to manage it  

Sometimes you do not see one disease 
that’s causing immunosuppression. In 
many immunosuppressed flocks, we 
see only secondary infections or poor 
response to vaccination in general. 
That is typically what happens with 
the immunosuppression induced by 
MD virus. 

Q : IS THERE A WAY IMMUNOSUPPRESSION 
IN POULTRY CAN BE MEASURED? 

Stanley: Yes, but it’s challenging. 
Researchers have developed in vivo 
models to determine immunosuppression 
levels indirectly. One of these models 
uses a combination of known pathogenic 
viruses (very virulent+ MD and ILT), 
vaccines (chicken embryo-origin or 
CEO, ILT and MD vaccines) and clinical 
observations to see whether CEO 
vaccination in the face of MD virus 
challenge still protects chicks from 
ILT challenge. 

To see the presence of immuno-
suppression in the field, it’s also 
important to understand the three key 
factors that form the immune-health triad 
of the bird. The three factors are:

The chicken’s genetics and 
development of the bursa 
and thymus;

The chicken’s environment  
— housing conditions, feed, 
lighting, ventilation, water, resident 
microorganisms and so on;

Pathogens that attack the primary 
immune organs.

•

•

•

In immunosuppressed 
flocks, we also see 
more aggressive 
cycling of Eimeria, 
which causes 
coccidiosis — a 
condition that almost 
always leads to 
reductions in 
live performance.
BILL STANLEY, DVM 
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Things get even more 
complicated with MD 
virus or mycotoxins. They 
affect every single aspect 
of the immune response 
(innate, humoral and 
cellular) but might not be 
associated with lymphoid 
organ atrophy.
ISABEL GIMENO, DVM, PhD ”

sophisticated assays that cannot be 
done routinely.

Things get even more complicated with 
MD virus or mycotoxins. They affect 
every single aspect of the immune 
response (innate, humoral and cellular) 
but might not be associated with
lymphoid organ atrophy. In those cases, 
further studies need to be done to better 
understand the mechanisms, so we can 
develop diagnostic tools. 

MANAGING MD VIRUS  

Q : LET’S TAKE A MOMENT TO FOCUS 
SPECIFICALLY ON THE MD VIRUS. HOW 
DOES A NATURAL MD VIRUS CHALLENGE 
OR USE OF A MD VIRUS VACCINE AFFECT 
POULTRY IMMUNE SYSTEMS? WHAT’S 
THE SIGNIFICANCE OF THESE CHANGES? 

Stanley: T cells originate from the 
thymus and have many functions in a 
healthy immune response. As these 
cells mature, they play a key role in 
cell-mediated immunity.

Dr. Gimeno and her research team at 
NCSU have studied T-cell maturation. 
They’ve learned the faster T cells mature, 
the better prepared the bird will be to 
deal with microbiological challenges in 
the production system. 

Gimeno: MD virus is a master in 
regulating the immune responses. It 
affects the innate immune responses 
(initial form of defense that is not specific 
and has no memory), the humoral 
immune responses (antibodies) and CTL. 

MD virus also has numerous mechanisms, 
many of them still poorly elucidated. 
For example:  

The impact of such changes in 
commercial flocks depends on the 
virulence of the virus. When the 
challenge is virulent MD virus (vMDV) 
or very virulent MD virus (vvMDV), 
most if not all these changes can be 
controlled by maternal antibodies 
(vMDV) or vaccination (vvMDV).

When the challenge is a very virulent 
plus MD virus (vv+MDV), neither maternal 
antibodies nor conventional vaccines can 
fully protect against the damage to the 
immune responses. 

We have demonstrated that even 
vaccination programs using CVI988 
(Rispens) — alone or in combination 
with herpesvirus of turkey (HVT) 
vaccines that protect efficiently against 
tumors — fail to guard against MD 
virus immunosuppression induced by 
vv+MDV strains. 

We have identified two types of 
vaccines that protect against vv+MD 
virus-induced immunosuppression: an 
experimental vaccine with deletion of 

 

MD virus replicates and kills B 
cells and activated T cells (both 
CD4 and CD8);

MD virus reduces the ability of 
lymphocytes to proliferate when 
in contact with an antigen;

MD virus downregulates MHC-I  
(major histocompatibility complex 
class I) so the CTL responses are 
affected and causes neoplastic 
transformation of CD4 T cells.  

•

•

•
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The vaccination program needed to 
control MD virus-induced immuno-
suppression will depend on the specific 
situation of the flock. 

On farms exposed to vMDV or vvMDV, 
the same vaccination that protects 
against tumors will protect against 
immunosuppression. However, if the 
challenge is vv+MDV, conventional 
vaccination might not be enough to 
protect against immunosuppression, 
even if it is protecting against tumors.

Q : DR. STANLEY, AS A VETERINARIAN 
WHO WORKS WITH TOP POULTRY 
COMPANIES, WHAT IS THE SIGNIFICANCE 
OF DR. GIMENO’S WORK IN THE FIELD?

Stanley: It’s quite significant. 
Demonstrating quantitative changes 
of the aforementioned cell types 
(post-vaccination challenge) helps 
us understand the mechanisms of 
action for the vaccines and differences
between vaccines. It also helps our 
understanding of differences between 
vaccine and field viruses.

We’ve also learned more about the 
maturation timeline of the avian 
immune system. It is best to have a 
fast maturation process so the bird can 
respond to field challenge as soon 
as possible. 

To support this point, another research 
student on Dr. Gimeno’s team recently 
published that in ovo HVT hastens 
immunocompetence and T-cell
activation, which better prepares chicks 
for early pathogen exposure, including 
MD virus (Boone et al. Vaccine 2023).

the oncogene meq and the chimeric 
vaccine, PREVEXXION®RN.

Q : SO, HOW DO DIFFERENT MD VIRUSES 
AFFECT VACCINATION STRATEGIES?

Stanley: Dr. Gimeno’s research showed 
that vaccines built on HVT — which 
include most recombinant vaccines used 
for MD virus, IBD, ILT and/or Newcastle 
disease — hasten the maturation of 
T lymphocytes. 

In our research, we’ve found that when 
the MD chimera vaccine Prevexxion is 
administered in ovo to 18- to 19-day-old 
embryonated chicken eggs to protect 
against the very virulent+ MD virus, the 
response is even better and earlier than 
other vaccines or vaccine combinations. 
This is important because it allows faster 
immune development and faster 
responses to field challenges.

Dr. Gimeno’s team is also studying other 
cell types, including CD4, CD8 (alpha and 
beta) T cells, as well as macrophages. 
They’ve shown quantitative changes of 
these cell types in response to challenge 
and vaccination. 

Q : DR. GIMENO, WOULD YOU PLEASE 
PROVIDE MORE TAKE-AWAY MESSAGES 
ABOUT THAT WORK?

Gimeno: We have demonstrated 
that in commercial chickens, the 
immunosuppression induced by 
MD virus starts at 4 to 5 weeks of 
age. Also, we have reported that 
the impact of the MD virus-induced 
immunosuppression depends on 
the virulence of the challenge. 

continued

Dr. Gimeno’s research 
showed that vaccines 
built on HVT — 
which include most 
recombinant vaccines 
used for MD virus, 
IBD, ILT and/or 
Newcastle disease — 
hasten the maturation 
of T lymphocytes.
BILL STANLEY, DVM
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We have demonstrated 
that in ovo vaccination 
with HVT acts like an 
adjuvant of the immune 
response and results 
in baby chicks that 
can respond better to 
pathogens when 
they hatch. 
ISABEL GIMENO, DVM, PhD 
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Gimeno: I have studied many aspects of 
MD virus for 3 decades. To me, there have 
been four areas of particular relevance for 
the poultry industry:

Our next goal is to use this gained 
knowledge to develop methods of 
diagnosis that can be used in 
commercial flocks.

Another goal of research in my 
laboratory, as Dr. Stanley indicated, is
to find methods to accelerate the 
immunocompetence of chickens before 
they hatch.  

We have demonstrated that in ovo 
vaccination with HVT acts like an 
adjuvant of the immune response and 
results in baby chicks that can respond 
better to pathogens when they hatch. 
At this point, we are evaluating how we 
can enhance even further the adjuvant 
effect of HVT. 

MONITORING THYMUS HEALTH  

Q : IS THE HEALTH OF THE THYMUS AN 
INDICATOR OF A FLOCK’S IMMUNE STATUS? 

Stanley: Yes, but measuring thymus 
health directly is challenging. The most 
useful method today is to look at the 
thymus histologically in a systematic way. 
This involves routine collection of 
multiple birds at different ages from a 
production complex. 

Thymus lesions and severity over the 
number of birds affected in each age 
group will offer an understanding of 
thymus health for the flock.

Gimeno: The thymus is a critical organ 
for the immune response because it is 
the place where T cells are developed. 
Unfortunately, evaluating the thymus is 
more challenging than evaluating the 
spleen; hence, the thymus has been 
long forgotten. 

As Dr. Stanley suggested, I would strongly 
recommend including routine evaluation 
of the thymus when assessing the health 
of a flock. 

From the research perspective, certainly 
for MD virus studies, we need to focus
our efforts on the thymus. We recently 
reported that MD virus-1 vaccines are

Novel methods for diagnosis of 
tumors, even as early as 3 weeks 
of age, based on quantitative 
polymerase chain reaction (PCR);

A better understanding of which 
new features MD virus acquires as 
it becomes more virulent and what 
to expect in the field;

Development of novel vaccines 
or vaccination protocols that can 
enhance the control of vv+MD 
virus; and more recently,

Development of a method 
to reproduce MD virus 
immunosuppression under 
laboratory conditions, which 
has been critical to identify the 
extension of the damage that 
vv+MDV can cause to the immune 
responses. This is one of the 
current projects we have in my 
laboratory today.  

•

•

•
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detected in the thymus before they are 
detected in the spleen or bursa.

We also recently found that the replication 
and changes in the frequency of immune 
cells in the thymus is different for those 
vaccines that protect against MD virus 
immunosuppression caused by vv+MDV
versus those that do not. A better 
understanding of the pathogenesis of 
vv+MDV in the thymus and the effects 
of various vaccines in controlling the 
early stages of infection in the thymus 
is needed. 

MD VIRUS IMMUNOSUPPRESSION  

Q : LITERATURE ON MD VIRUS IMMUNO-
SUPPRESSION OFTEN MENTIONS MD 
VIRUS/CELL INTERACTION. WHAT EXACTLY 
IS THAT? WHAT DO POULTRY PRODUCERS 
NEED TO UNDERSTAND?

Stanley: Depending on the type and 
quantity of field-challenge virus, as well 
as other triad factors, birds may be 
completely unprotected against latent 
immunosuppression caused by MD virus. 

In fact, it’s estimated that 30% of 
MD field viruses can cause immuno-
suppression, even with the use of 
common commercial vaccines. 

Fortunately, the unique chimera 
technology in Prevexxion is capable 
of fully protecting against all types of 
MD virus challenge.

Gimeno: In the context of MD virus 
infection, virus-host interaction means 
the type of infection that MD virus 
is establishing on a particular cell.
There are some cells — B cells, for 

instance — in which MD virus fully 
replicates but does not form infectious 
particles. There are other cells in which 
the virus can establish latency, which 
means the virus is inserted into the
genome of the cells, but it does not 
replicate (CD4+ T cells). 

The same cells that support latency 
can suffer neoplastic transformation 
and become lymphomas. The virus can 
also reactivate in them and replicate at 
least partially. 

Finally, there is just one type of cell 
(feather follicle epithelium) where the 
virus can fully replicate and form 
infectious particles necessary to infect 
other chickens. 

Poultry producers need to understand 
that the pathogenesis of MD virus is 
complex. Most are familiar with MD 
virus-inducing tumors, and fortunately, 
we do have proper tools to protect 
against them. However, because MD 
virus can establish different types of 
interaction with the cells, it can induce 
many other things in the chickens. 

Today, MD virus immunosuppression is 
the most dangerous consequence of 
virus infection because it can happen in 
chickens that do not have lymphoid 
organ atrophy nor tumors and because 
conventional vaccines do not protect 
against them. 

The good news is that only vv+MDV can 
cause it and not every farm has vv+MDV. 
The bad news is that it is difficult to 
assess the virulence of the virus, so most 
farms do not know how virulent their 
challenge is. 

continued

In fact, it’s estimated 
that 30% of MD field 
viruses can cause 
immunosuppression, 
even with the 
use of common 
commercial vaccines.
BILL STANLEY, DVM ”
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For more articles on managing 
flock immunity, visit:
modernpoultry.media/boehringer-ingelheim.

Q : WHEN OBSERVING A FLOCK, WHAT SIGNS 
MIGHT SUGGEST IT IS SUFFERING FROM 
MD-RELATED IMMUNOSUPPRESSION? 

Stanley: Due to the complexity of factors 
involved in a field case, it may be difficult 
to distinguish the agent responsible for 
the infection. However, the observation 
of secondary infections from bacteria 
and/or viruses may be indicators of MD 
virus-related immunosuppression.

Because MD virus targets both the 
thymus and the bursa, an observation 
of cell-mediated and humoral immuno-
suppression, coupled with the potential 
presence of tumors, are clues that MD 
virus may be involved.

Gimeno: I always tell my students that 
if there is a flock that is constantly 
performing poorly and suffering from 
several unrelated diseases, it is most 
likely immunosuppressed. 

The problem is determining how to 
pinpoint what is the cause of immuno-
suppression and if there is one single 
cause. Because MD virus is ubiquitous — 
most commercial chickens get infected 
with MD virus at some point — and 
MD virus immunosuppression is not 
necessarily related to lymphoid organ 
atrophy nor tumors, we do not have a 
direct diagnosis method. 

It is imperative that more studies are 
done to develop diagnostic methods for 
MD virus immunosuppression. However, 
MD virus is currently not considered a 
priority for the US poultry industry, nor 
for funding agencies. 

In the meantime, one can rule out other 
immunosuppressive agents that are 
easier to diagnose (i.e., IBD virus and 
CAV). However, it is important to keep 
in mind that it is not uncommon for 
multiple immunosuppressive agents to 
be present in a flock. Poor protection 
against one virus can have a domino 
effect.  For example:

Poor protection against IBD 
virus  will affect immunity 
against CAV.

Poor protection against CAV 
will affect protection against 
MD virus.

Even worse, poor protection 
against MD virus will affect 
protection of both IBD virus 
and CAV.  

•

•

•
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I always tell my 
students that if there 
is a flock that is 
constantly performing 
poorly and suffering 
from several unrelated 
diseases, it is most likely 
immunosuppressed.
ISABEL GIMENO, DVM, PhD 
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