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Chickens possess mannose-binding lectin (MBL) which could be vital in managing pathogenic bacteria in chickens. MBL

is one of the soluble proteins secreted by the chicken’s innate immune system which can be activated when chickens are

exposed to chicken-related diseases. 
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1. Introduction

Chicken production plays a vital role in meeting the increasing demand for chicken products (such as meat and eggs) by

using adequate management practices and structured breeding programs . Despite the improvement in poultry

management practices, bacterial disease is still a big threat to the chicken production industry . For instance,

countries like United States of America, China, Southern Europe and Portugal accounted for up to 50% loss in poultry

product due to bacterial infections . This problem has led to the incessant use of antibiotics due to their ability to

improve feed efficiency, weight and poultry health. However, the use of antibiotics has been found to cause the

emergence of antimicrobial resistant genes in chickens . These antimicrobial resistant genes are then transferred

between bacteria in the environment and into human pathogens  thereby causing serious health issues. For this

reason, antibiotic use for growth promotion has been banned in some countries. Froebel et al.  stated that some

government policies such as the United States Veterinary Feed Directive and the European Union are discouraging use of

antibiotic growth promoters. There is, therefore, an urgent need to find alternative measures to manage bacterial diseases

without compromising the health of chickens, humans or the environment.

The defense mechanism of chickens against pathogenic diseases entails the activity of both the innate and adaptive

immune systems. Bacterial diseases are combated by an innate immune system (IIS) before the intervention of the

adaptive immune system . The IIS response is the host’s first line defense mechanism against any microbial

infection; it functions by fighting pathogens at the point of entry via both innate immune cells and innate immune proteins

. On the other hand, the adaptive immune system ensures protection against subsequent infections by the action of

both T and B lymphocytes  with activity against specific pathogens.

2. Brief Overview of the Chicken Innate Immune System

The IIS response is the host’s first line defense mechanism against microbial infection. For example, it functions by

fighting pathogens at the point of entry via both innate immune cells and secreted soluble effector proteins . The main

innate immune cells include phagocytes such as macrophages and heterophils (comparable to the mammalian

neutrophils), but also epithelial cells play an important role in the immediate response towards invading pathogens. The

specific innate immune proteins are multiple and include complement system proteins, cytokines and chemokines (often

secreted by the innate immune cells) and secreted soluble effector proteins, such as collectins and antimicrobial peptides,

that can also kill or neutralize microbes .

An important first step in the innate immune response is recognition of the pathogen. There are specific structures on the

microbe called pathogen-associated molecular patterns (PAMPs) which are recognized by membrane bound, or soluble

pattern recognition receptors (PRRs) of the host. Larsen et al.  and Faghfouri et al. , both showed that toll-like

receptors (TLRs), retinoic acid-inducible gene-I-like receptors (RLRs) and C-type lectin receptors (CLRs) are an important

group of PRRs that can recognize PAMPs from microbial DNA/RNA to protein and membrane components of microbes.

When PAMPs bind to PRRs, it leads to a signaling cascade which in turn increases cytokine and chemokine production;

these molecules can activate immune cells. In some cases, through chemotaxis, the numbers of immune cells are

increased at the site of infection. Signaling can also increase the production and secretion of antimicrobial compounds,

such as defensins or other antimicrobial proteins that can neutralize the pathogens .
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3. Mannose-Binding Lectin

Mannose-binding lectin (MBL) is also considered a member of the PRR family. In contrast to other PRRs such as TLRs, it

is not membrane bound but a soluble-type protein which can also be considered as an effector molecule. Binding of MBL

to PAMPs on the pathogen cell wall can initiate the lectin pathway of complement activation, which further neutralizes

pathogens by aggregating them, (denying attachment of bacteria to epithelial cells of host). MBL can also bind apoptotic

cells via ligation (joining of two DNA strands by a phosphate ester linkage) on the phagocyte membrane by macrophages

. The removal of apoptotic cells is necessary for organogenesis, tissue maintenance and proper activity of the immune

system. MBL is also regarded as an acute-phase protein (proteins which respond to inflammatory signals by increasing its

plasma concentration by 25% or more). These proteins participate in host defense and adaptation and also act as

transport proteins with antioxidant activity . Mannose-binding lectin is an innate host defense molecule, with great

affinity to initiate the lectin pathway of complement via attached mannose-binding lectin-associated serine protease

(MASP-2) . The MBL structure provides a wide array of defenses against pathogens’ physiochemical activities as

mentioned in the study of Takahashi . Several authors have indeed discussed the impact of MBL on bacterial infection in

chickens .

4. Complement System

The complement system (CS) plays a very important role in defending the host against diseases and inflammation. It is

known that the CS consists of more than 30 soluble or membrane proteins that upon activation interact (the complement

cascade), eventually leading to formation of an antibacterial complex of proteins and formation of several signaling

molecules that stimulate further immune responses (Figure 1) .

Figure 1. Outline of the major components and mode of action of the complement system.

The order of events of the complement cascade is as follows: Firstly, the complement cascade is activated via one of

three different but eventually merging pathways: the lectin pathway, the classical pathway and the alternative pathway 

. These pathways bring forth the formation of convertase enzymes which form several chemokine and other

important signaling factors including the complement factor (C5b).

All these pathways converge at C3, which is the most abundant complement protein found in the blood. At the point of

converging, there is a formation of activation products such as C3a, C3b, C5a and the MAC or C5b-9 (Figure 1). The

membrane attack complex (MAC) is a protein complex that can bind and lyse Gram-negative bacteria. It becomes

triggered within a few minutes upon entry of Gram-negative bacteria in the host cells . More details on how the

complement system functions can be further seen in excellent reviews of Sarma and Ward,  and Heesterbeek et al. .
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5. MBL Localization/Synthesis

The cMBL and other members of the collectin family are all located at the end of the chromosome 6  and the human

collectin cluster is located on chromosome 10 . Oka et al.  described MBL as the first C-type lectin member to be

isolated among chicken species from the chicken liver. Several authors reported that cMBL synthesis is highest in the liver

(hepatocytes) area while some lower quantities of MBL were seen in the larynx, infundibulum and abdominal sac 

. Additionally, an infinitesimal amount of MBL mRNA was detected in the thymus, ovary and uterus region . Likewise,

Laursen and Nielsen  and Ulrich-Lynge et al.  detected the presence of cMBL in the germinal region of ceca,

thymus, spleen and lungs of healthy chickens. In conclusion, cMBL can be seen in the reproductive, circulatory, digestive

and respiratory system of chickens but at varying quantities.

6. MBL Concentration vs. Bacterial Disease Protection

As stated above, cMBL synthesis is known to occur mostly in the hepatocytes’ region, while limited quantities are found in

the other organs. However, upon infection, higher MBL levels can be observed in specific organs due to local up-

regulation. When there is an adequate quantity of MBL synthesized in the liver, the host organism will have the ability to

combat bacterial pathogens at entry .

For example, Schou et al.  described that a low concentration of cMBL caused high disease prevalence in Pasteurella
multocida-infected chickens, while Norup et al.  observed that high concentrations of MBL reduced chickens’

susceptibility to Escherichia coli . Similar effects were observed for infections with Salmonella enterica and Salmonella
infantis , while also, the outcome of viral infections seems to be related to serum levels of MBL . Interestingly, there

seems to be a strong genetic component that determines the concentration of MBL in chickens, with differences in

average MBL levels between breeds . Chicken strains specifically selected for high (L10H) and low (L10L) serum

concentration of MBL have been bred and used to study the role of MBL in the chickens’ immune response. These studies

consistently show that higher levels of MBL are correlated to lower bacterial disease in chicken. In one study, the amount

of Salmonella shed in L10L chickens was higher than L10H chicken on day 4 pi. In chickens, it was shown that there was

a higher level of Salmonella binding to MBL in chickens with high MBL levels (L10H strain) than in low-MBL chickens

(L10L) at different days post infection (pi) . This was suggested to be due to the huge role MBL plays in safeguarding

chickens against Salmonella. Additionally, the L10L chicken excreted Salmonella for more days than the L10H chicken;

this could be due to the presence of higher Salmonella counts in L10L chickens’ intestines than in L10H chickens. Schou

et al.  also showed that chickens with low MBL concentrations were more prone to other pathogenic diseases. Different

levels of binding of MBL to S. aureus NCT6571 strain (strong binding), C. lusitanae (strong binding) and E. faecalis (low

binding) have been demonstrated  while Ulrich-Lynge et al.  and Seliger et al.  both observed that high cMBL

levels and high monocyte numbers influence the clearance of Escherichia coli and some Salmonella spp of the C1

serotype. The lists of some of the reported cases of MBL affinity to bind bacterial diseases in chickens are presented in

Table 1.

Table 1. Selected reports of cMBL (chicken mannose-binding lectin) bacterial binding.

Bacteria Strain Site of Binding References

Pasteurella multocida Liver, spleen, serum

Escherichia coli Liver, serum

Salmonella enterica Liver, serum

Staphylococcus aureus Ceca, serum

Klebsiella oxytoca Serum

Klebsiella pneumoniae Serum
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Bacteria Strain Site of Binding References

Pseudomonas aeruginosa Serum

Yersinia pseudotuberculosis Serum

Salmonella Typhimurium Serum

Salmonella Montevideo Serum

Enterobacter cloacae Serum
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