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Chapter  1 

Lymphadenectomy and Neck Dissection 

 
 
 

Lymphadenectomy 
Lymphadenectomy consists of the surgical removal of one or more groups of lymph 
nodes. It is almost always performed as part of the surgical management of cancer. 

This is usually done because many types of cancer have a marked tendency to produce 
lymph node metastasis early on in their natural history. This is particularly true of 
melanoma, head and neck cancer, differentiated thyroid cancer, breast cancer, lung 
cancer, gastric cancer and colorectal cancer. Famed British surgeon Sir Berkeley 
Moynihan once remarked that "the surgery of cancer is not the surgery of organs; it is the 
surgery of the lymphatic system". 

The better known examples of lymphadenectomy are axillary lymph node dissection for 
breast cancer; radical neck dissection for head and neck cancer and thyroid cancer; D2 
lymphadenectomy for gastric cancer; and total mesorectal excision for rectal cancer. 

More recently, the concept of sentinel lymph node mapping has been popularized by Dr. 
Donald Morton and others. Cancer with various primary sites, breast, melanoma, 
colorectal, etc., often metastasize early to the first drainage lymphatic basin. This process 
is predictable anatomically according to the primary site in the organ and the lymphatic 
channels. The first nodes (sentinel nodes) can be identified by particulate markers such as 
lymphazurin, methylene blue, India ink and radio-labelled colloid protein particles 
injected near the tumor site. The draining sentinel node can then be found by the surgeon 
and excised for verification by the pathologist if tumor cells are present, and often these 
tumor cells are few and only easily recognized by careful examination or by using 
techniques such as special stains, i.e. immunohistochemical. When the sentinel node is 
free of tumor cells, this is highly predictive of freedom from metastasis in the entire 
lymphatic basin, thus leading to futility of a full node dissection. 

The practice of sentinel lymph node mapping has changed the surgical approach in many 
cancer systems, sparing a formal lymph node dissection for patients with sentinel lymph 
node negative for tumor and directing a full node dissection for patients with sentinel 
lymph node positive for tumor metastases. For example in stage II breast carcinoma, 
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using the sentinel lymph node technique, 65% of patients could be spared from a formal 
node dissection. 

Neck dissection 
The neck dissection is a surgical procedure for control of neck lymph node metastasis 
from Squamous cell carcinoma (SCC) and Merkel cell carcinoma (MCC) of the head 
and neck. The aim of the procedure is to remove lymph nodes from one side of the neck 
into which cancer cells may have migrated. Metastasis of squamous cell carcinoma into 
the lymph nodes of the neck reduce survival and is the most important factor in the 
spread of the disease. The metastases may originate from SCC of the upper aerodigestive 
tract, including the oral cavity, tongue, nasopharynx, oropharynx, hypopharynx, and 
larynx, as well as the thyroid, parotid and posterior scalp. 

History of Neck Dissections 

• 1888 - Jawdynski described en bloc resection with resection of carotid, internal 
jugular vein and sternocleidomastoid muscle. 

• 1906 - George W. Crile of the Cleveland Clinic describes the radical neck 
dissection. The operation encompasses removal of all the lymph nodes on one 
side of the neck, and includes removal of the spinal accessory nerve (SAN, or CN 
XI), internal jugular vein (IJV) and sternocleidomastoid muscle (SCM). 

• 1957 - Hayes Martin describes routine use of the radical neck dissection for 
control of neck metastases. 

• 1967 - Oscar Suarez and E. Bocca describe a more conservative operation which 
preserves SAN, IJV and SCM. 

• Last 3 decades - Further operations have been described to selectively remove the 
involved regional lymph groups, including the remarkable new approach by 
Visakan et al. 

Division of the Neck into Levels and Sublevels 

Memorial Sloan-Kettering Cancer Center developed the lymph node regional definitions 
most widely used today. 

 
To describe the lymph nodes of the neck for neck dissection, the neck is divided into 6 
areas called Levels. The levels are identified by Roman numeral, increasing towards the 
chest. A further Level VII to denote lymph node groups in the superior mediastinum is no 
longer used. Instead, lymph nodes in other non-neck regions are referred to by the name 
of their specific nodal groups. 

• Region I: Submental and submandibular triangles. Ia is the submental triangle 
bound by the anterior bellies of the digastric and the mylohyoid. Ib is the triangle 
formed by the anterior and posterior bellies of the digastric and body of mandible. 
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Region II, III, IV: nodes associated with the IJV; fibroadipose tissue located medial to the 
posterior border of SCM and lateral to the border of the sternohyoid. 

• Region II: upper third including the upper jugular and jugulodigastric nodes and 
the upper posterior cervical nodes. Region bound by the digastric muscle 
superiorly and the hyoid bone (clinical landmark), or the carotid bifurcation 
(surgical landmark) inferiorly. IIa contains nodes in the region anterior to the 
spinal accessory nerve and IIb posterior to the nerve. 

• Region III: middle third jugular nodes extending from the carotid bifurcation 
superiorly to the cricothyroid notch (clinical landmark), or inferior edge of cricoid 
cartilage (radiological landmark), or omohyoid muscle (surgical landmark). 

• Region IV: lower jugular nodes extending from the omohyoid muscle superiorly 
to the clavicle inferiorly. 

• Region V: posterior triangle group of lymph nodes located along the lower half of 
the spinal accessory nerve and the transverse cervical artery. The supraclavicular 
nodes are also included in this group. The posterior boundary is the anterior 
border of the trapezius muscle, the anterior boundary is the posterior border of the 
sternocleidomastoid muscle, and the inferior boundary is the clavicle. 

• Region VI: anterior compartment group comprises lymph nodes surrounding the 
midline visceral structures of the neck extending from the level of the hyoid bone 
superiorly to the suprasternal notch inferiorly. On each side, the lateral boundary 
is the medial border of the carotid sheath. Located within this compartment are 
the perithyroidal lymph nodes, paratracheal lymph nodes, lymph nodes along the 
recurrent laryngeal nerves, and precricoid lymph nodes. 4 

Staging 

The staging of head and neck cancer includes a classification for nodal disease. It is 
important to note the critical difference in size of nodes with break points at 3 and 6 cm. 
The staging system for head and neck malignancies considers all malignancies with 
palpable cervical adenopathy as Stage 3 or Stage 4, reflecting the grim prognostic 
implications of palpable nodal disease. 2 The most important prognostic indicator in 
patients with squamous carcinoma of the head and neck remains the status of the cervical 
lymph nodes. 3 

NX: Regional lymph nodes cannot be assessed 

N0: No regional lymph node metastasis 

N1: Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension 
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N2a: Metastasis in a single ipsilateral lymph node more than 3 cm but not more than 6 
cm in greatest dimension 

N2b: Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest 
dimension 

N2c: Metastasis in bilateral or contralateral nodes, no more than 6 cm in greatest 
dimension 

N3: Metastasis in a lymph node more than 6 cm in greatest dimension 2 

Classification of Neck Dissections 

The 2001 revisions proposed by the American Head and Neck Society (AHNS) and the 
American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) are as 
follows. 

1. Radical Neck Dissection (RND) - removal of all ipsilateral cervical lymph node 
groups from levels I through V, together with SAN, SCM and IJV. 

2. Modified Radical Neck Dissection (MRND) - removal of all lymph node groups 
routinely removed in a RND, but with preservation of one or more nonlymphatic 
structures (SAN, SCM and IJV). 

3. Selective Neck Dissection (SND) (together with the use of parentheses to denote 
the levels or sublevels removed) - cervical lymphadenectomy with preservation of 
one or more lymph node groups that are routinely removed in a RND. Thus for 
oral cavity cancers, SND (I-III) is commonly performed. For oropharyngeal, 
hypopharyngeal and laryngeal cancers, SND (II-IV) is the procedure of choice. 

4. Extended Neck Dissection - This refers to removal of one or more additional 
lymph node groups or nonlymphatic structures, or both, not encompassed by the 
RND. 

The radical neck dissection is defined as removing all of the lymphatic tissue in regions I-
V including removal of the spinal accessory nerve (SAN), sternocleidomastoid muscle 
(SCM), and internal jugular vein (IJV). It does not include removal of the suboccipital 
nodes, periparotid nodes except for infraparotid nodes located in the posterior aspect of 
the submandibular triangle, buccal nodes, retropharyngeal nodes, or paratracheal nodes. 4 

Modified radical neck dissection (MRND) is defined as excision of all lymph nodes 
routinely removed by radical neck dissection with preservation of one or more 
nonlymphatic structures, i.e., SAN, IJV, SCM. 4 Medina subclassifies the MRND into 
types I-III; where type I MRND preserves the SAN, type II MRND preserves the SAN 
and IJV, and type III MRND preserves the SAN, IJV, and SCM. The type III MRND is 
also referred to as the "functional neck dissection" as popularized by Bocca, however in 
his classic description the submandibular gland is not excised. 5 
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Selective neck dissection is defined as any type of cervical lymphadenectomy where 
there is preservation of one or more lymph node groups removed by the radical neck 
dissection. There are four common subtypes, the first of which is the supraomohyoid 
neck dissection. This removes lymph tissue contained in regions I-III. The posterior limit 
of the dissection is marked by the cutaneous branches of the cervical plexus and the 
posterior border of the SCM. The inferior limit is the superior belly of the omohyoid 
muscle where it crosses the IJV. The second subtype, posterolateral neck dissection, 
refers to the removal of the suboccipital lymph nodes, retroauricular lymph nodes, levels 
II-IV, and level V. This procedure is used most often to remove nodal disease from 
cutaneous melanoma of the posterior scalp and neck. 4 Originally described by Rochlin 
in 1962, the SAN, SCM, and IJV were preserved. Medina suggests subclassification of 
the posteriolateral neck dissection to types I-III to mirror preservation of SAN, IJV, and 
SCM as in MRND. 5 The lateral neck dissection removes lymph tissue in levels II-IV. 
Anterior neck dissection is the last subtype of selective neck dissection and refers to the 
removal of lymph nodes surrounding the visceral structures of the anterior aspect of the 
neck previously defined as level VI.4 

The last major subtype is the extended neck dissection defined literally as removal of one 
or more additional lymph node groups and/or nonlymphatic structures not encompassed 
by radical neck dissection, such as parapharyngeal, superior mediastinal, and 
paratracheal. In practice, any of the previous neck dissections may be extended to include 
other structures.  
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Chapter  2 

Hematopoietic Stem Cell Transplantation 

 

 
 
 

Hematopoietic stem cell transplantation (HSCT) is the transplantation of multipotent 
hematopoietic stem cell or blood, often derived from bone marrow, umbilical cord blood 
or hemopoietic stem cells derived from a placenta. Stem cell transplantation is a medical 
procedure in the fields of hematology and oncology, most often performed for people 
with diseases of the blood, bone marrow, or certain cancer. 

With the availability of the stem cell growth factors GM-CSF and G-CSF, most 
hematopoietic stem cell transplantation procedures are now performed using stem cells 
collected from the peripheral blood such as cord blood or placenta-derived stem cells, 
rather than from the bone marrow. Collecting peripheral blood stem cells provides a 
bigger graft, does not require that the donor be subjected to general anesthesia to collect 
the graft, results in a shorter time to engraftment, and may provide for a lower long-term 
relapse rate. 

Hematopoietic stem cell transplantation remains a risky procedure with many possible 
complications; it has traditionally been reserved for patients with life-threatening 
diseases. While occasionally used experimentally in nonmalignant and nonhematologic 
indications such as severe disabling auto-immune disease and cardiovascular disease, the 
risk of fatal complications appears too high to gain wider acceptance. 

History 

Georges Mathé, a French oncologist, performed the first bone marrow transplant in 1959 
on six Yugoslavian nuclear workers whose own marrow had been damaged by 
irradiation. Mathé later pioneered the use of bone marrow transplants in the treatment of 
leukemia. 

Stem cell transplantation was pioneered using bone-marrow-derived stem cells by a team 
at the Fred Hutchinson Cancer Research Center from the 1950s through the 1970s led by 
E. Donnall Thomas, whose work was later recognized with a Nobel Prize in Physiology 
or Medicine. Thomas' work showed that bone marrow cells infused intravenously could 
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repopulate the bone marrow and produce new blood cells. His work also reduced the 
likelihood of developing a life-threatening complication called graft-versus-host disease. 

The first physician to perform a successful human bone marrow transplant on a disease 
other than cancer was Robert A. Good at the University of Minnesota in 1968. 

Indications 

Many recipients of HSCTs are multiple myeloma or leukemia patients who would not 
benefit from prolonged treatment with, or are already resistant to, chemotherapy. 
Candidates for HSCTs include pediatric cases where the patient has an inborn defect such 
as severe combined immunodeficiency or congenital neutropenia with defective stem 
cells, and also children or adults with aplastic anemia who have lost their stem cells after 
birth. Other conditions treated with stem cell transplants include sickle-cell disease, 
myelodysplastic syndrome, neuroblastoma, lymphoma, Ewing's Sarcoma, Desmoplastic 
small round cell tumor and Hodgkin's disease. More recently non-myeloablative, or so-
called "mini transplant," procedures have been developed that require smaller doses of 
preparative chemo and radiation. This has allowed HSCT to be conducted in the elderly 
and other patients who would otherwise be considered too weak to withstand a 
conventional treatment regimen. 

HIV 

A bone marrow transplant performed on Timothy Ray Brown, an American residing in 
Germany (Gero Hütter) appears to have successfully cured him of both leukemia as well 
as HIV. Researchers emphasize that this is an unusual case. The donor marrow was 
selected from 60 matching donors for being [CCR5]-Δ32 homozygous. This genetic trait 
blocks the primary route by which HIV attaches itself to cells for entry. Roughly 1:1000 
Europeans and Americans have this inherited mutation but it is rarer in other populations. 
The patient had a brain biopsy, in addition to biopsies of his intestines, liver, lymph 
nodes, bone marrow—basically, every part of the body that can be biopsied. All were 
negative for virus. There is no virus in this person's body out to two and a half years off 
of all anti-HIV drugs. His antibody levels—called titers—are declining just the way 
expected if the patient was vaccinated against HIV and then the levels of antibodies were 
examined. They'd be very strong in the beginning, but would weaken if they are not re-
exposed to the virus. It is believed this patient has no HIV in his body and therefore there 
is nothing to re-expose him, so the concentration of HIV antibodies in his blood is 
decreasing. It is predicted that, in a couple of years, his HIV antibody test will be 
negative. 

Graft types 

Autologous 

Autologous HSCT requires the extraction (apheresis) of haematopoietic stem cells (HSC) 
from the patient and storage of the harvested cells in a freezer. The patient is then treated 
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with high-dose chemotherapy with or without radiotherapy with the intention of 
eradicating the patient's malignant cell population at the cost of partial or complete bone 
marrow ablation (destruction of patient's bone marrow function to grow new blood cells). 
The patient's own stored stem cells are then returned to his/her body, where they replace 
destroyed tissue and resume the patient's normal blood cell production. Autologous 
transplants have the advantage of lower risk of infection during the immune-
compromised portion of the treatment since the recovery of immune function is rapid. 
Also, the incidence of patients experiencing rejection (graft-versus-host disease) is very 
rare due to the donor and recipient being the same individual. These advantages have 
established autologous HSCT as one of the standard second-line treatments for such 
diseases as lymphoma. However, for others such as Acute Myeloid Leukemia, the 
reduced mortality of the autogenous relative to allogeneic HSCT may be outweighed by 
an increased likelihood of cancer relapse and related mortality, and therefore the 
allogeneic treatment may be preferred for those conditions. Researchers have conducted 
small studies using non-myeloablative hematopoietic stem cell transplantation as a 
possible treatment for type I (insulin dependent) diabetes in children and adults. Results 
have been promising; however, at the time of this writing, it is premature to speculate as 
to whether these experiments will lead to effective treatments for diabetes. 

Allogeneic 

Allogeneic HSCT involves two people: the (healthy) donor and the (patient) recipient. 
Allogeneic HSC donors must have a tissue (HLA) type that matches the recipient. 
Matching is performed on the basis of variability at three or more loci of the (HLA) gene, 
and a perfect match at these loci is preferred. Even if there is a good match at these 
critical alleles, the recipient will require immunosuppressive medications to mitigate 
graft-versus-host disease. Allogeneic transplant donors may be related (usually a closely 
HLA matched sibling), syngeneic (a monozygotic or 'identical' twin of the patient - 
necessarily extremely rare since few patients have an identical twin, but offering a source 
of perfectly HLA matched stem cells) or unrelated (donor who is not related and found to 
have very close degree of HLA matching). A "savior sibling" may be intentionally 
selected by preimplantation genetic diagnosis in order to match a child both regarding 
HLA type and being free of any obvious inheritable disorder. Allogeneic transplants are 
also performed using umbilical cord blood as the source of stem cells. In general, by 
transplanting healthy stem cells to the recipient's immune system, allogeneic HCSTs 
appear to improve chances for cure or long-term remission once the immediate 
transplant-related complications are resolved. 

A compatible donor is found by doing additional HLA-testing from the blood of potential 
donors. The HLA genes fall in two categories (Type I and Type II). In general, 
mismatches of the Type-I genes (i.e. HLA-A, HLA-B, or HLA-C) increase the risk of 
graft rejection. A mismatch of an HLA Type II gene (i.e. HLA-DR, or HLA-DQB1) 
increases the risk of graft-versus-host disease. In addition a genetic mismatch as small as 
a single DNA base pair is significant so perfect matches require knowledge of the exact 
DNA sequence of these genes for both donor and recipient. Leading transplant centers 
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currently perform testing for all five of these HLA genes before declaring that a donor 
and recipient are HLA-identical. 

Race and ethnicity are known to play a major role in donor recruitment drives, as 
members of the same ethnic group are more likely to have matching genes, including the 
genes for HLA.  

Sources and storage of cells 

To limit the risks of transplanted stem cell rejection or of severe graft-versus-host disease 
in allogeneic HSCT, the donor should preferably have the same human leukocyte 
antigens (HLA) as the recipient. About 25 to 30 percent of allogeneic HSCT recipients 
have an HLA-identical sibling. Even so-called "perfect matches" may have mismatched 
minor alleles that contribute to graft-versus-host disease. 

Bone marrow 

 
 

Bone marrow harvest. 

In the case of a bone marrow transplant, the HSC are removed from a large bone of the 
donor, typically the pelvis, through a large needle that reaches the center of the bone. The 
technique is referred to as a bone marrow harvest and is performed under general 
anesthesia. 
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Peripheral blood stem cells 

Peripheral blood stem cells are now the most common source of stem cells for allogeneic 
HSCT. They are collected from the blood through a process known as apheresis. The 
donor's blood is withdrawn through a sterile needle in one arm and passed through a 
machine that removes white blood cells. The red blood cells are returned to the donor. 
The peripheral stem cell yield is boosted with daily subcutaneous injections of 
Granulocyte-colony stimulating factor, serving to mobilize stem cells from the donor's 
bone marrow into the peripheral circulation. 

Amniotic fluid 

It is also possible to extract hematopoietic stem cells from amniotic fluid for both 
autologous or heterologous use at the time of childbirth. 

Umbilical cord blood 

Umbilical cord blood is obtained when a mother donates her infant's umbilical cord and 
placenta after birth. Cord blood has a higher concentration of HSC than is normally found 
in adult blood. However, the small quantity of blood obtained from an umbilical cord 
(typically about 50 mL) makes it more suitable for transplantation into small children 
than into adults. Newer techniques using ex-vivo expansion of cord blood units or the use 
of two cord blood units from different donors are being explored to allow cord blood 
transplants to be used in adults. 

It is used e.g. in children being born after preimplantation genetic diagnosis (PGD) for 
human leucocyte antigen (HLA) matching in order to donate to a sick sibling requiring 
HSCT. 

Storage of HSC 

Unlike other organs, bone marrow cells can be frozen for prolonged periods 
(cryopreserved) without damaging too many cells. This is necessary for autologous HSC 
because the cells must be harvested months in advance of the transplant treatment. In the 
case of allogeneic transplants fresh HSC are preferred in order to avoid cell loss that 
might occur during the freezing and thawing process. Allogeneic cord blood is stored 
frozen at a cord blood bank because it is only obtainable at the time of childbirth. To 
cryopreserve HSC a preservative, DMSO, must be added and the cells must be cooled 
very slowly in a control rate freezer to prevent osmotic cellular injury during ice crystal 
formation. HSC may be stored for years in a cryofreezer which typically utilizes liquid 
nitrogen because it is non-toxic and it is very cold (boiling point -196°C.) 
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Conditioning regimens 

Myeloablative transplants 

The chemotherapy or irradiation given immediately prior to a transplant is called the 
conditioning or preparative regimen, the purpose of which is to help eradicate the 
patient's disease prior to the infusion of HSC and to suppress immune reactions. The bone 
marrow can be ablated with dose-levels that cause minimal injury to other tissues. In 
allogeneic transplants a combination of cyclophosphamide with busulfan or total body 
irradiation is commonly employed. This treatment also has an immunosuppressive effect 
which prevents rejection of the HSC by the recipient's immune system. The post-
transplant prognosis often includes acute and chronic graft-versus-host disease which 
may be life-threatening; however in certain leukemias this can coincide with protection 
against cancer relapse owing to the graft versus tumor effect. Autologous transplants may 
also use similar conditioning regimens, but many other chemotherapy combinations can 
be used depending on the type of disease. 

Non-myeloablative allogeneic transplants 

This is a newer treatment approach using lower doses of chemotherapy and radiation 
which are too low to eradicate all of the bone marrow cells of a recipient. Instead, non-
myeloablative transplants run lower risks of serious infections and transplant-related 
mortality while relying upon the graft versus tumor effect to resist the inherent increased 
risk of cancer relapse. Also significantly, while requiring high doses of 
immunosuppressive agents in the early stages of treatment, these doses are less than for 
conventional transplants. This leads to a state of mixed chimerism early after transplant 
where both recipient and donor HSC coexist in the bone marrow space. 

Decreasing doses of immunosuppressive therapy then allows donor T-cells to eradicate 
the remaining recipient HSC and to induce the graft versus tumor effect. This effect is 
often accompanied by mild graft-versus-host disease, the appearance of which is often a 
surrogate for the emergence of the desirable graft versus tumor effect, and also serves as 
a signal to establish an appropriate dosage level for sustained treatment with low levels of 
immunosuppressive agents. 

Because of their gentler conditioning regimens, these transplants are associated with a 
lower risk of transplant-related mortality and therefore allow patients who are considered 
too high-risk for conventional allogeneic HSCT to undergo potentially curative therapy 
for their disease. These new transplant strategies are still somewhat experimental, but are 
being used more widely on elderly patients unfit for myeloablative regimens and for 
whom the higher risk of cancer relapse may be acceptable. 

Engraftment 

After several weeks of growth in the bone marrow, expansion of HSC and their progeny 
is sufficient to normalize the blood cell counts and reinitiate the immune system. The 



_________________WORLD TECHNOLOGIES_________________

WT

offspring of donor-derived hematopoietic stem cells have been documented to populate 
many different organs of the recipient, including the heart, liver, and muscle, and these 
cells had been suggested to have the abilities of regenerating injured tissue in these 
organs. However, recent research has shown that such lineage infidelities does not occur 
as a normal phenomenon. 

Complications 

HSCT is associated with a high treatment-related mortality in the recipient (10% or 
higher), which limits its use to conditions that are themselves life-threatening. Major 
complications are veno-occlusive disease, mucositis, infections (sepsis) and graft-versus-
host disease. 

Infection 

Bone marrow transplantation usually requires that the recipient's own bone marrow be 
destroyed ("myeloablation"). Prior to "engraftment" patients may go for several weeks 
without appreciable numbers of white blood cells to help fight infection. This puts a 
patient at high risk of infections, sepsis and septic shock, despite prophylactic antibiotics, 
and accounts for a large share of treatment-related mortality. The immunosuppressive 
agents employed in allogeneic transplants for the prevention or treatment of graft-versus-
host disease further increase the risk of opportunistic infection. Immunosuppressive drugs 
are given for a minimum of 6-months after a transplantation, or much longer if required 
for the treatment of graft-versus-host disease. Transplant patients lose their acquired 
immunity, for example immunity to childhood diseases such as measles or polio. For this 
reason transplant patients must be re-vaccinated with childhood vaccines once they are 
off immunosuppressive medications. 

Veno-occlusive disease 

Severe liver injury is termed hepatic veno-occlusive disease (VOD). Elevated levels of 
bilirubin, hepatomegaly and fluid retention are clinical hallmarks of this condition. There 
is now a greater appreciation of the generalized cellular injury and obstruction in hepatic 
vein sinuses, and it has thus been referred to as sinusoidal obstruction syndrome (SOS). 
Severe cases are associated with a high mortality. Anticoagulants or defibrotide may be 
effective in reducing the severity of VOD but may also increase bleeding complications. 
Ursodiol has been shown to help prevent VOD, presumably by helping the flow of bile. 

Mucositis 

The injury of the mucosal lining of the mouth and throat and is a common regimen-
related toxicity following ablative HSCT regimens. It is usually not life-threatening but is 
very painful, and prevents eating and drinking. Mucositis is treated with pain medications 
plus intravenous infusions to prevent dehydration and malnutrition. 
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Graft-versus-host disease 

Graft-versus-host disease (GVHD) is an inflammatory disease that is unique to allogeneic 
transplantation. It is an attack of the "new" bone marrow's immune cells against the 
recipient's tissues. This can occur even if the donor and recipient are HLA-identical 
because the immune system can still recognize other differences between their tissues. It 
is aptly named graft-versus-host disease because bone marrow transplantation is the only 
transplant procedure in which the transplanted cells must accept the body rather than the 
body accepting the new cells. Acute graft-versus-host disease typically occurs in the first 
3 months after transplantation and may involve the skin, intestine, or the liver, and is 
often fatal. High-dose corticosteroids such as prednisone are a standard treatment; 
however this immuno-suppressive treatment often leads to deadly infections. Chronic 
graft-versus-host disease may also develop after allogeneic transplant. It is the major 
source of late treatment-related complications, although it less often results in death. In 
addition to inflammation, chronic graft-versus-host disease may lead to the development 
of fibrosis, or scar tissue, similar to scleroderma; it may cause functional disability and 
require prolonged immunosuppressive therapy. Graft-versus-host disease is usually 
mediated by T cells when they react to foreign peptides presented on the MHC of the 
host. 

Graft-versus-tumor effect 

Graft-versus-tumor effect (GVT) or "graft versus leukemia" effect is the beneficial aspect 
of the Graft-versus-Host phenomenon. For example, HSCT patients with either acute and 
in particular chronic graft-versus-host disease after an allogeneic transplant tend to have a 
lower risk of cancer relapse. This is due to a therapeutic immune reaction of the grafted 
donor T lymphocytes against the diseased bone marrow of the recipient. This lower rate 
of relapse accounts for the increased success rate of allogeneic transplants compared to 
transplants from identical twins, and indicates that allogeneic HSCT is a form of 
immunotherapy. GVT is the major benefit of transplants which do not employ the highest 
immuno-suppressive regimens. 

Graft versus tumor is mainly beneficial in diseases with slow progress, e.g. chronic 
leukemia, low-grade lymphoma, and some cases multiple myeloma. However, it is less 
effective in rapidly growing acute leukemias. 

If cancer relapses after HSCT, another transplant can be performed, infusing the patient 
with even more of the donor's white blood cells. 

Prognosis 

Prognosis in HSCT varies widely dependent upon disease type, stage, stem cell source, 
HLA-matched status (for allogeneic HCST) and conditioning regimen. A transplant 
offers a chance for cure or long-term remission if the inherent complications of graft 
versus host disease, immuno-suppressive treatments and the spectrum of opportunistic 
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infections can be survived. In recent years, survival rates have been gradually improving 
across almost all populations and sub-populations receiving transplants. 

Mortality for allogeneic stem cell transplantation can be estimated using the prediction 
model created by Sorror et al., using the Hematopoietic Cell Transplantation-Specific 
Comorbidity Index (HCT-CI). The HCT-CI was derived and validated by investigators at 
the Fred Hutchinson Cancer Research Center (Seattle, WA). The HCT-CI modifies and 
adds to a well-validated comorbidity index, the Charlson Comorbidity Index (CCI) 
(Charlson et al.) The CCI was previously applied to patients undergoing allogeneic HCT 
but appears to provide less survival prediction and discrimination than the HCT-CI 
scoring system. 

Risks to donor 

The risks of a complication depend on patient characteristics, health care providers and 
the apheresis procedure, and the colony-stimulating factor used (G-CSF, GM-CSF). G-
CSF drugs include Filgrastim (Neupogen, Neulasta), and lenograstim (Graslopin). 

Drug risks 

Filgrastim is typically dosed in the 10 microgram/kg level for 4–5 days during the 
harvesting of stem cells. The documented adverse effects of filgrastim include splenic 
rupture (indicated by left upper abdominal or shoulder pain, risk 1 in 40000), Adult 
respiratory distress syndrome (ARDS), alveolar hemorrage, and allergic reactions 
(usually expressed in first 30 minutes, risk 1 in 300). In addition, platelet and hemoglobin 
levels dip post-procedure, not returning to normal until one month. 

The question of whether patients over 65 react the same as patients under 65 has not been 
sufficiently examined. Coagulation issues and inflammation of atherosclerotic plaques 
are known to occur as a result of G-CSF injection. G-CSF has also been described to 
induce genetic changes in mononuclear cells of normal donors. There is evidence that 
myelodysplasia (MDS) or acute myeloid leukaemia (AML)can be induced by GCSF in 
susceptible individuals. 

Access risks 

Blood was drawn peripherally in a majority of patients, but a central line to 
jugular/subclavian/femoral veins may be used in 16% of women and 4% of men. Adverse 
reactions during apheresis were experienced in 20% of women and 8% of men, these 
adverse events primarily consisted of numbness/tingling, multiple line attempts, and 
nausea. 

Clinical observations 

A study involving 2408 donors (18–60 years) indicated that bone pain (primarily back 
and hips) as a result of filgrastim treatment is observed in 80% of donors by day 4 post-
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injection. This pain responded to acetaminophen or ibuprofen in 65% of donors and was 
characterized as mild to moderate in 80% of donors and severe in 10%. Bone pain 
receded post-donation to 26% of patients 2 days post-donation, 6% of patients one week 
post-donation, and <2% 1 year post-donation. Donation is not recommended for those 
with a history of back pain. Other symptoms observed in more than 40% of donors 
include myalgia, headache, fatigue, and insomnia. These symptoms all returned to 
baseline 1 month post-donation, except for some cases of persistent fatigue in 3% of 
donors. . In one metastudy that incorporated data from 377 donors, 44% of patients 
reported having adverse side effects after peripheral blood HSCT. Side effects included 
pain prior to the collection procedure as a result of GCSF injections, post-procedural 
generalized skeletal pain, fatigue and reduced energy. 

Severe reactions 

A study that surveyed 2408 donors found that serious adverse events (requiring 
prolonged hospitalization) occurred in 15 donors (at a rate of 0.6%), although none of 
these events were fatal. Donors were not observed to have higher than normal rates of 
cancer with up to 4–8 years of follow up. One study based on a survey of medical teams 
covered approximately 24,000 peripheral blood HSCT cases between 1993 and 2005, and 
found a serious cardiovascular adverse reaction rate of about 1 in 1500. This study 
reported a cardiovascular-related fatality risk within the first 30 days HSCT of about 2 in 
10000. For this same group, severe cardiovascular events were observed with a rate of 
about 1 in 1500. The most common severe adverse reactions were pulmonary 
edema/deep vein thrombosis, splenic rupture, and myocardial infarction. Haematological 
malignancy induction was comparable to that observed in the general population with 
only 15 reported cases within 4 years. 
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Chapter  3 

Splenectomy and Immunoelectrophoresis 

 

 
 

Splenectomy 
Intervention: 
Splenectomy 

ICD-10 code:  
ICD-9 code: 41.43 41.5 
MeSH D013156 
Other codes:  

A splenectomy is a surgical procedure that partially or completely removes the spleen. 

Indications 

The spleen, similar in structure to a large lymph node, acts as a blood filter. Current 
knowledge of its purpose includes the removal of old red blood cells and platelets, and 
the detection and fight against certain bacteria. It is also known to function as a site for 
the development of new red blood cells from their hematopoietic stem cell precursors, 
and particularly in situations in which the bone marrow, the normal site for this process, 
has been compromised by a disorder such as leukemia. The spleen is enlarged in a variety 
of conditions such as malaria, mononucleosis and most commonly in "cancers" of the 
lymphatics, such as lymphomas or leukemia. 

It is removed under the following circumstances: 

1. When it becomes very large such that it becomes destructive to platelets/red blood 
cells 

2. For diagnosing certain lymphomas 
3. Certain cases of wandering spleen 
4. When platelets are destroyed in the spleen as a result of an auto-immune process  
5. When the spleen bleeds following physical trauma 
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6. Following spontaneous rupture 
7. For long-term treatment of congenital erythropoietic porphyria (CEP) if severe 

hemolytic anemia develops 
8. The spread of gastric cancer to splenic tissue 
9. When using the splenic artery for kidney revascularisation in renovascular 

hypertension. 
10. For long-term treatment of congenital pyruvate kinase (PK) deficiency 

The classical cause of traumatic damage to the spleen is a blow to the abdomen during a 
sporting event. In cases where the spleen is enlarged due to illness (mononucleosis), 
trivial activities, such as leaning over a counter or straining while defecating, can cause a 
rupture. 

Procedure 

Laparoscopy is the preferred procedure in cases where the spleen is not too large and 
when the procedure is elective. Open surgery is performed in trauma cases or if the 
spleen is enlarged. Either method is major surgery and is performed under general 
anesthesia. Vaccination for pneumococcus, H. influenza and meningococcus should be 
given pre-operatively if possible to minimize the chance of overwhelming post-
splenectomy infection (OPSI), a rapid-developing and potentially fatal type of 
septicaemia. The spleen is located and disconnected from its arteries. The ligaments 
holding the spleen in place are dissected and the organ is removed. In some cases, one or 
more accessory spleens are discovered and also removed during surgery. The incisions 
are closed and when indicated, a drain is left. If necessary, tissue samples are sent to a 
laboratory for analysis. 

Side effects 

As splenectomy causes an increased risk of overwhelming sepsis due to encapsulated 
organisms (such as S. pneumoniae and Haemophilus influenzae) the patient should 
receive the pneumococcal conjugate vaccine (Prevnar), Hib vaccine, and the 
meningococcal vaccine. These bacteria often cause a sore throat under normal 
circumstances but after splenectomy, when infecting bacteria cannot be adequately 
opsonized, the infection becomes more severe. 

An increase in blood leukocytes can occur following a splenectomy. The post-
splenectomy platelet count may rise to abnomormally high levels (thrombocytosis), 
leading to an increased risk of potentially fatal clot formation. There also is some 
conjecture that post-splenectomy patients may be at elevated risk of subsequently 
developing diabetes. Splenectomy may also lead to chronic neutrophilia. Splenectomy 
patients typically have Heinz bodies in their blood smears 
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Partial splenectomy 

Much of the spleen's protective roles can be maintained if a small amount of spleen can 
be left behind. Where clinically appropriate, attempts are now often made to perform 
either surgical subtotal (partial) splenectomy, or partial splenic embolization. In 
particular, whilst vaccination and antibiotics provide good protection against the risks of 
asplenia, this is not always available in poorer countries. However as it may take some 
time for the preserved splenic tissue to provide the full protection, it has been advised that 
preoperative vaccination still be given. 

 

Immunoelectrophoresis 
Immunoelectrophoresis is a general name for a number of biochemical methods for 
separation and characterization of proteins based on electrophoresis and reaction with 
antibodies. All variants of immunoelectrophoresis require immunoglobulins, also known 
as antibodies reacting with the proteins to be separated or characterized. The methods 
were developed and used extensively during the second half of the 20th century. In 
somewhat chronological order: Immunoelectrophoretic analysis (one-dimensional 
immunoelectrophoresis ad modum Grabar), crossed immunoelectrophoresis (two-
dimensional quantitative immunoelectrophoresis ad modum Clarke and Freeman or ad 
modum Laurell), rocket-immunoelectrophoresis (one-dimensional quantitative 
immunoelectrophoresis ad modum Laurell), fused rocket immunoelectrophoresis ad 
modum Svendsen and Harboe, affinity immunoelectrophoresis ad modum Bøg-Hansen. 

Agarose as 1 % gel slabs of about 1 mm thickness buffered at high pH (around 8.6) is 
traditionally preferred for the electrophoresis as well as the reaction with antibodies. The 
agarose was chosen as the gel matrix because it has large pores allowing free passage and 
separation of proteins, but provides an anchor for the immunoprecipitates of protein and 
specific antibodies. The high pH was chosen because antibodies are practically immobile 
at high pH. 

Immunoprecipitates may be seen in the wet agarose gel, but are stained with protein 
stains like Coomassie Brilliant Blue in the dried gel. In contrast to SDS-gel 
electrophoresis, the electrophoresis in agarose allows native conditions, preserving the 
native structure and activities of the proteins under investigation, therefore 
immunoelectrophoresis allows characterization of enzyme activities and ligand binding 
etc in addition to electrophoretic separation. 

The immunoelectrophoretic analysis ad modum Grabar is the classical method of 
immunoelectrophoresis. Proteins are separated by electrophoresis, then antibodies are 
applied in a trough next to the separated proteins and immunoprecipitates are formed 
after a period of diffusion of the separated proteins and antibodies against each other. The 
introduction of the immunoelectrophoretic analysis gave a great boost to protein 
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chemistry, some of the very first results were the resolution of proteins in biological 
fluids and biological extracts. Among the important observations made were the great 
number of different proteins in serum, the existence of several immunoglobulin classes 
and their electrophoretic heterogeneity. 

Crossed immunoelectrophoresis is also called two-dimensional quantitative 
immunoelectrophoresis ad modum Clarke and Freeman or ad modum Laurell. In this 
method the proteins are first separated during the first dimension electrophoresis, then 
instead of the diffusion towards the antibodies, the proteins are electrophoresed into an 
antibody-containing gel in the second dimension. Immunoprecipitation will take place 
during the second dimension electrophorsis and the immunoprecipitates have a 
characteristic bell-shape, each precipitate representing one antigen, the position of the 
precipitate being dependent on the amount of protein as well as the amount of specific 
antibody in the gel, so relative quantification can be performed. The sensitivity and 
resolving power of crossed immunoelectrophoresis is than that of the classical 
immunoelectrophoretic analysis and there are multiple variations of the technique useful 
for various purposes. Crossed immunoelectrophoresis has been used for studies of 
proteins in biological fluids, particularly human serum, and biological extracts. 

Rocket immunoelectrophoresis is one-dimensional quantitative immunoelectrophoresis. 
The methods has been used for quantitation of human serum proteins before automated 
methods became available. 

Fused rocket immunoelectrophoresis is a modification of one-dimensional quantitative 
immunoelectrophorsis used for detailed measurement of proteins in fractions from 
protein separation experiments. 

Affinity immunoelectrophoresis is based on changes in the electrophoretic pattern of 
proteins through biospecific interaction or complex formation with other macromolecules 
or ligands. Affinity immunoelectrophoresis has been used for estimation of binding 
constants, as for instance with lectins or for characterization of proteins with specific 
features like glycan content or ligand binding. Some variants of affinity 
immunoelectrophoresis are similar to affinity chromatography by use of immobilized 
ligands. 

The open structure of the immunoprecipitate in the agarose gel will allow additional 
binding of radioactively labeled antibodies to reveal specific proteins. This variation has 
been used for identification of allergens through reaction with IgE. 

Two factors determine that immunoelectrophoretic methods are not widely used. First 
they are rather work intensive and require some manual expertise. Second they require 
rather large amounts of polyclonal antibodies. Today gel electrophoresis followed by 
electroblotting is the preferred method for protein characterization because its ease of 
operation, its high sensitivity, and its low requirement for specific antibodies. In addition 
proteins are separated by gel electrophoresis on the basis of their apparent molecular 
weight, which is not accomplished by immunoelectrophoresis, but nevertheless 
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immunoelectrophoretic methods are still useful when non-reducing conditions are 
needed. 
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Chapter  4 

RAST Test and Coombs Test 
 
 
 
 

RAST test 
A RAST test (short for radioallergosorbent test) is a blood test used to determine to 
what substances a person is allergic. This is different from a skin allergy test, which 
determines allergy by the reaction of a person's skin to different substances. 

Because there are other tests that help with confirmation, results are best interpreted by a 
doctor. 

Indication 

The RAST test is an alternative to skin tests to elucidate the causal allergen to an allergy. 

Advantages of the RAST test range from: excellent reproducibility across the full 
measuring range of the calibration curve, but decreased sensitivity and specificity when 
compared with skin prick testing. In general, this method of blood testing (in-vitro, out of 
body) vs skin-prick testing (in-vivo, in body) has a major advantage: it is not always 
necessary to remove the patient from an anthihistamine medication regimen, and if the 
skin conditions (such as eczema) are so widespread that allergy skin testing cannot be 
done. 

Still, when possible, allergy skin testing is the preferred method in comparison with 
various in vitro tests for assessing the presence of specific IgE antibodies because it is 
more sensitive and specific, simpler to use, and less expensive.  

Method 

The RAST test is a radioimmunoassay test to detect specific IgE antibodies to suspected 
or known allergens. IgE is the antibody associated with Type I allergic response: for 
example, if a person exhibits a high level of IgE directed against pollen, the test may 
indicate the person is allergic to pollen (or pollen-like) proteins. A person who has 
outgrown an allergy may still have a positive IgE years after exposure. 



_________________WORLD TECHNOLOGIES_________________

WT

The suspected allergen is bound to an insoluble material and the patient's serum is added. 
If the serum contains antibodies to the allergen, those antibodies will bind to the allergen. 
Radiolabeled anti-human IgE antibody is added where it binds to those IgE antibodies 
already bound to the insoluble material. The unbound anti-human IgE antibodies are 
washed away. The amount of radioactivity is proportional to the serum IgE for the 
allergen. 

History 

The market-leading RAST methodology was invented and marketed in 1974 by 
Pharmacia Diagnostics AB, Uppsala, Sweden, and the acronym RAST is actually a brand 
name. In 1989, Pharmacia Diagnostics AB replaced it with a superior test named the 
ImmunoCAP Specific IgE blood test, which literature may also describe as: CAP RAST, 
CAP FEIA (fluorenzymeimmunoassay), and Pharmacia CAP. A review of applicable 
quality assessment programs shows that this new test has replaced the original RAST in 
approximately 80% of the world's commercial clinical laboratories, where specific IgE 
testing is performed. The newest version, the ImmunoCAP Specific IgE 0-100, is the 
only specific IgE assay to receive FDA approval to quantitatively report to its detection 
limit of 0.1kU/l. This clearance is based on the CLSI/NCCLS-17A Limits of Detection 
and Limits of Quantitation, October 2004 guideline. 

RAST often are used to test for allergies when: 
• a physician advises against the discontinuation of medications that can interfere with 
test results or cause medical complications; 
• a patient suffers from severe skin conditions such as widespread eczema or psoriasis; or 
• a patient has such a high sensitivity level to suspected allergens that any administration 
of those allergens might result in potentially serious side effects. 

Scale 

The RAST test is scored on a scale from 0 to 6: 

RAST 
rating 

IgE level 
(KU/L) comment 

0 < 0.35 ABSENT OR UNDETECTABLE ALLERGEN 
SPECIFIC IgE 

1 0.35 - 0.69 LOW LEVEL OF ALLERGEN SPECIFIC IgE 

2 0.70 - 3.49 MODERATE LEVEL OF ALLERGEN SPECIFIC 
IgE 

3 3.50 - 17.49 HIGH LEVEL OF ALLERGEN SPECIFIC IgE 
4 17.50 - 49.99 VERY HIGH LEVEL OF ALLERGEN SPECIFIC IgE 
5 50.0 - 100.00 VERY HIGH LEVEL OF ALLERGEN SPECIFIC IgE 
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6 > 100.00 EXTREMELY HIGH LEVEL OF ALLERGEN 
SPECIFIC IgE 

 

Coombs test 
Coombs test (also known as Coombs' test, antiglobulin test or AGT) refers to two 
clinical blood tests used in immunohematology and immunology. The two Coombs tests 
are the direct Coombs test (also known as direct antiglobulin test or DAT), and the 
indirect Coombs test (also known as indirect antiglobulin test or IAT). 

The more commonly used test, the Direct Coombs test, is used to test for autoimmune 
hemolytic anemia. 

In certain diseases or conditions an individual's blood may contain IgG antibodies that 
can specifically bind to antigens on the red blood cell (RBC) surface membrane, and their 
circulating red blood cells (RBCs) can become coated with IgG alloantibodies and/or IgG 
autoantibodies. Complement proteins may subsequently bind to the bound antibodies. 
The direct Coombs test is used to detect these antibodies or complement proteins that 
are bound to the surface of red blood cells; a blood sample is taken and the RBCs are 
washed (removing the patient's own plasma) and then incubated with antihuman globulin 
(also known as "Coombs reagent"). If this produces agglutination of RBCs, the direct 
Coombs test is positive, a visual indication that antibodies (and/or complement proteins) 
are bound to the surface of red blood cells. 

The indirect Coombs test is used in prenatal testing of pregnant women, and in testing 
blood prior to a blood transfusion. It detects antibodies against RBCs that are present 
unbound in the patient's serum. In this case, serum is extracted from the blood, and the 
serum is incubated with RBCs of known antigenicity. If agglutination occurs, the indirect 
Coombs test is positive. 
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Mechanism 

 
 

Schematic showing the direct and indirect Coombs tests. 

The two Coombs tests are based on the fact that anti-human antibodies, which are 
produced by immunizing non-human species with human serum, will bind to human 
antibodies, commonly IgG or IgM. Animal anti-human antibodies will also bind to 
human antibodies that may be fixed onto antigens on the surface of red blood cells (also 
referred to as RBCs), and in the appropriate test tube conditions this can lead to 
agglutination of RBCs. The phenomenon of agglutination of RBCs is important here, 
because the resulting clumping of RBCs can be visualised; when clumping is seen the test 
is positive and when clumping is not seen the test is negative. 

Common clinical uses of the Coombs test include the preparation of blood for transfusion 
in cross-matching, screening for atypical antibodies in the blood plasma of pregnant 
women as part of antenatal care, and detection of antibodies for the diagnosis of immune-
mediated haemolytic anemias. 
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Coombs tests are done on serum from venous blood samples which are taken from 
patients by venepuncture. The venous blood is taken to a laboratory (or blood bank), 
where trained scientific technical staff do the Coombs tests. The clinical significance of 
the result is assessed by the physician who requested the Coombs test, perhaps with 
assistance from a laboratory-based hematologist. 

Direct Coombs test 

The direct Coombs test (also known as the direct antiglobulin test or DAT) is used to 
detect if antibodies or complement system factors have bound to RBC surface antigens in 
vivo. The DAT is not currently required for pre-transfusion testing but may be included 
by some laboratories. 

Examples of diseases that give a positive direct Coombs test 

The direct Coombs test is used clinically when immune-mediated hemolytic anemia 
(antibody-mediated destruction of RBCs) is suspected. A positive Coombs test indicates 
that an immune mechanism is attacking the patient's own RBC's. This mechanism could 
be autoimmunity, alloimmunity or a drug-induced immune-mediated mechanism. 

Examples of alloimmune hemolysis 

• Hemolytic disease of the newborn (also known as HDN or erythroblastosis 
fetalis)  

o Rh D hemolytic disease of the newborn (also known as Rh disease) 
o ABO hemolytic disease of the newborn (the indirect Coombs test may 

only be weakly positive) 
o Anti-Kell hemolytic disease of the newborn 
o Rh c hemolytic disease of the newborn 
o Rh E hemolytic disease of the newborn 
o Other blood group incompatibility (RhC, Rhe, Kidd, Duffy, MN, P and 

others) 
• Alloimmune hemolytic transfusion reactions 

Examples of autoimmune hemolysis 

• Warm antibody autoimmune hemolytic anemia  
o Idiopathic 
o Systemic lupus erythematosus 
o Evans' syndrome (antiplatelet antibodies and hemolytic antibodies) 

• Cold antibody autoimmune hemolytic anemia  
o Idiopathic cold hemagglutinin syndrome 
o Infectious mononucleosis 
o Paroxysmal cold hemoglobinuria (rare) 
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Drug-induced immune-mediated hemolysis 

• Methyldopa (IgG mediated type II hypersensitivity) 
• Penicillin (high dose) 
• Quinidine (IgM mediated activation of classical complement pathway and 

Membrane attack complex, MAC) 

(A memory device to remember that the DAT tests the RBCs and is used to test infants 
for haemolytic disease of the newborn is: Rh Disease; R = RBCs, D = DAT.) 

Laboratory method 

The patient's red blood cells (RBCs) are washed (removing the patient's own serum) and 
then incubated with antihuman globulin (also known as Coombs reagent). If 
immunoglobulin or complement factors have been fixed on to the RBC surface in-vivo, 
the antihuman globulin will agglutinate the RBCs and the direct Coombs test will be 
positive. (A visual representation of a positive direct Coombs test is shown in the upper 
half of the schematic). 

Indirect Coombs test 

The indirect Coombs test (also known as the indirect antiglobulin test or IAT) is used to 
detect in-vitro antibody-antigen reactions. It is used to detect very low concentrations of 
antibodies present in a patient's plasma/serum prior to a blood transfusion. In antenatal 
care, the IAT is used to screen pregnant women for antibodies that may cause hemolytic 
disease of the newborn. The IAT can also be used for compatibility testing, antibody 
identification, RBC phenotyping, and titration studies. 

Examples of clinical uses of the indirect Coombs test 

Blood transfusion preparation 

The indirect Coombs test is used to screen for antibodies in the preparation of blood for 
blood transfusion. The donor's and recipient's blood must be ABO and Rh D compatible. 
Donor blood for transfusion is also screened for infections in separate processes. 

• Antibody screening 

A blood sample from the recipient and a blood sample from every unit of donor blood are 
screened for antibodies with the indirect Coombs test. Each sample is incubated against a 
wide range of RBCs that together exhibit a full range of surface antigens (i.e. blood 
types). 

• Cross matching 
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The indirect Coombs test is used to test a sample of the recipient's serum against a sample 
of the blood donor's RBCs. This is sometimes called cross-matching blood. 

Antenatal antibody screening 

The indirect Coombs test is used to screen pregnant women for IgG antibodies that are 
likely to pass through the placenta into the fetal blood and cause haemolytic disease of 
the newborn. 

Laboratory method 

The IAT is a two-stage test. (A cross match is shown visually in the lower half of the 
schematic as an example of an indirect Coombs test). 

First stage 

Washed test red blood cells (RBCs) are incubated with a test serum. If the serum contains 
antibodies to antigens on the RBC surface, the antibodies will bind onto the surface of the 
RBCs. 

Second stage 

The RBCs are washed three or four times with isotonic saline and then incubated with 
antihuman globulin. If antibodies have bound to RBC surface antigens in the first stage, 
RBCs will agglutinate when incubated with the antihuman globulin (also known Coombs 
reagent) in this stage, and the indirect Coombs test will be positive. 

Titrations 

By diluting a serum containing antibodies the quantity of the antibody in the serum can 
be gauged. This is done by using doubling dilutions of the serum and finding the 
maximum dilution of test serum that is able to produce agglutination of relevant RBCs. 

Coombs reagent 

Coombs reagent (also known as Coombs antiglobulin or antihuman globulin) is used 
in both the direct Coombs test and the indirect Coombs test. Coombs reagent is 
antihuman globulin. It is made by injecting human globulin into animals, which produce 
polyclonal antibodies specific for human immunoglobulins and human complement 
system factors. More specific Coombs reagents or monoclonal antibodies can be used. 

Enhancement media 

Both IgM and IgG antibodies bind strongly with their antigens. IgG antibodies are most 
reactive at 37°C. IgM antibodies are easily detected in saline at room temperature as IgM 
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antibodies are able to bridge between RBC’s owing to their large size, efficiently creating 
what is seen as agglutination. IgG antibodies are smaller and require assistance to bridge 
well enough to form a visual agglutination reaction. Reagents used to enhance IgG 
detection are referred to as potentiators. RBCs have a net negative charge called zeta 
potential which causes them to have a natural repulsion for one another. Potentiators 
reduce the zeta potential of RBC membranes. Common potentiators include low ionic 
strength solution (LISS), albumin, polyethylene glycol (PEG), and proteolytic enzymes. 

History of the Coombs test 

The Coombs test was first described in 1945 by Cambridge immunologists Robin 
Coombs (after whom it is named), Arthur Mourant and Rob Race. Historically, it was 
done in test tubes. Today, it is commonly done using microarray and gel technology. 
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Chapter  5 

Patch Test (Medicine) 

 

 
 
 

Eczema can be produced by exogenous factors and is referred to as exogenous or contact 
dermatitis. There are two forms of contact eczema: irritant and allergic. Irritant dermatitis 
occurs after chronic exposure to mild irritants ( e.g soaps, detergents in a wet 
environment). "Handwashing" eczema is an example of irritant dermatitis produced by 
chronic exposure to soaps and detergents since rarely these products produce allergic 
reactions. Allergic contact dermatitis, on the other hand, is the manifestation of an 
acquired allergic response to chemicals that normally do not produce irritant and toxic 
effects. Since allergic contact dermatitis occur in a small percentage of the population, 
one individual might be the only one affected in the environment, even though other 
people are also exposed to the chemical(s). To develop an allergic reactions there had to 
be previous exposure(s) to the incriminated chemical(s). The longer one is exposed to 
some of these chemicals, the greater the chances of becoming allergic, and once one 
become allergic, subsequent exposure will be followed by more severe eczematous 
reactions. In the case of allergic contact dermatitis, high concentrations or prolonged 
exposure to the chemicals are not prerequisite to induce a reaction as is the case with an 
irritant contact dermatitis. In other words, casual exposure to the chemical(s) could be 
sufficient to induce a skin reaction if you have an allergic contact dermatitis. A patch test 
is a method used to determine if a specific substance causes allergic inflammation of the 
skin. Any individual with eczema suspected of having allergic contact dermatitis and/or 
atopic dermatitis needs patch testing. 

 
Patch Testing helps identify which substances may be causing a reaction in a patient. It is 
intended to produce a local allergic reaction on a small area of your back where the 
diluted chemicals were planted. The chemicals included in the patch test kit are the 
offenders in approximately 85-90 percent of contact allergic eczema and include 
chemicals present in metals (e.g. nickel), rubber, leather, hair dyes, formaldehyde, 
lanolin, fragrance, preservative and other additives. 
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Mechanism 

A patch test relies on the principle of a type IV hypersensitivity reaction. 

The first step in becoming allergic is sensitization. When the skin is exposed to an 
allergen, the antigen presenting cells (APCs) - also known as Langerhans cell or Dermal 
Dendritic Cell - eat up substance (phagocytoze) and break it into smaller pieces. This is 
where a substance is recognized by immune cells in the skin. They then put parts of the 
substance onto their surface (technically holds the part of the molecule on the surface in 
the major histocompatibility complex type two (MHC-II) . Once this is done the APC 
moves down the lymphatic system to a lymph node where it presents this part of the 
substance (what we now call an antigen) to an particular immune cell called a CD4+ T-
cell or T-helper cell. The T-cell, if it recognizes the substance as dangerous, expands in 
number and sends out more of itself to the skin, at the site of antigen exposure. When the 
skin is again exposed to the antigen, the memory t-cells in the skin recognize the antigen 
and produce cytokines (chemical signals) which cause more T-cells to migrate from 
blood vessels. This starts a complex immune cascade leading to skin inflammation, 
itching and the typical rash of contact dermatitis. In general, it takes 2 to 4 days for a 
response in patch testing to develop. The patch test is really just induction of a contact 
dermatitis in a small area. 

Interestingly, the size of the molecule necessary to be picked up and recognized is ten 
times the size of the largest molecule that can pass through the skin. Therefore, it is likely 
that an antigen (like Nickel) when it has passed through the skin, combines with 
something else before it is recognized. 

Process 

Prior to testing, avoid taking oral prednisone or other immunosuppressive medications for 
at least a week prior to testing. Steroid inhalers are OK to use. Avoid sunlight/sunburn for 
at least a week on the back as this may suppress positive reactions. Antihistamines such 
as diphenhydramine (Benadryl) or cetirizine (Zyrtec) are permissible prior to and during 
testing. 

Application of the patch tests will take about half an hour, though many times the overall 
appointment time will be longer as your provider will take an extensive history. Tiny 
quantities of 25 to ~150 materials (allergens) in individual square plastic or round 
aluminium chambers are applied to the upper back. They are kept in place with special 
hypoallergenic adhesive tape. The patches stay in place undisturbed for at least 48 hours. 
Getting the back wet during patch testing should be avoided (no shower). Vigorous 
exercise or stretching may disrupt the tests. 

At the second appointment, usually 48 hours later, the patches will be removed. 
Sometimes further patches are applied. The back is marked with an indelible black felt tip 
pen or other suitable marker to identify the test sites and a preliminary reading is done. 
These marks must be visible at the third appointment, usually 24-48 hours later (72-96 
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hours after application). The back should be checked and if necessary re-marked on 
several occasions between the 2nd and 3rd appointments. In some cases, a reading at 7 
days may be requested, especially if a special metal series is tested. 

Interpretation of the results 

The dermatologist or allergist will complete a record form at the second and third 
appointments (usually 48 and 72/96 hour readings). The result for each test site is 
recorded. One system used is as follows: 

Negative (-) 

Irritant reaction (IR) 

Equivocal / uncertain (+/-) 

Weak positive  

(+) 
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Strong positive  
(++)

 

Extreme reaction (+++) 

 
Irritant reactions include miliaria (sweat rash), follicular pustules and burn-like reactions. 
Uncertain reactions refer to a pink area under the test chamber. Weak positives are 
slightly elevated pink or red plaques, usually with mild vesiculation. Strong positives are 
‘papulovesicles’ and extreme reactions have spreading redness, severe itching and 
blisters or ulcers. 

Relevance is determined by exposure to the positive allergen(s) and is rated as definite, 
probable, possible, past or unknown. For an allergen to have definite relevance, the 
product the patient is exposed to must be tested and also be positive in addition to the test 
allergen. Probable would be used to describe an positive allergen ingredient which is in a 
product the patient uses (i.e. quaternium-15 listed in a moisturizing cream used on the 
sites of dermatitis). The interpretation of the results requires considerable experience and 
training. A positive patch test(s), might not explain the present skin problem since the test 
only indicates that the individual became allergic during the encounters with that 
chemical(s) at some point in their life. Relevance, therefore, has to be established by 
determining the casual relationship between the positive test(s) and the eczema. The 
confirmation of relevance will occur after the patient has avoided exposure to the 
chemical(s) and after they have noticed that the improvement or clearance of your 
dermatitis is directly related to this avoidance. This outcome usually occurs within four to 
six weeks after stopping the exposure to the chemical(s). 

If all patch tests are negative, the eczema is probably not due to an allergic reaction to a 
contactant. It is possible, however, that you were not tested to other chemical(s) that can 
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produce allergic reactions on the rare occasions. If the suspicion is high in spite of 
negative patch testing, further investigation might be required. This can be discussed 
during the final evaluation of the patch test procedure. 

Common allergens 

The most frequent allergen that was recorded in many research studies all around the 
world is Nickel. Nickel allergy is more prevalent in young women and it is especially 
associated with ear piercing or any nickel-containing watch, belt, zipper or jewelry. Other 
common allergens are surveyed in North America by the North American Contact 
Dermatitis Group (NACDG). 

The latest update of top allergens from 2005-2006 were: Nickel sulfate (19.0%), 
Myroxylon pereirae (balsam of Peru, 11.9%), fragrance mix I (11.5%), quaternium-15 
(10.3%), neomycin (10.0%), bacitracin (9.2%), formaldehyde (9.0%), cobalt chloride 
(8.4%), methyldibromoglutaronitrile/phenoxyethanol (5.8%), p-phenylenediamine 
(5.0%), potassium dichromate (4.8%), carba mix (3.9%), thiuram mix (3.9%), 
diazolidinyl urea (3.7%), and 2-bromo-2-nitropropane-1,3-diol (3.4%) 

Food Allergy 

There is often an assumption that certain foods can cause or worsen skin complaints like 
eczema. While it is true that food allergies exist, there is very little evidence that cutting 
out foods such as milk and eggs actually improves eczema. 

Dermatologists may refer patients with suspected food allergies for patch testing. 
Sometimes this is justified as certain food additives and flavorings can cause dermatitis 
around the mouth, around the anus and vagina as food allergens pass out of the body or 
cause a widespread rash on the skin. While this is controversial, allergens such as nickel, 
Balsam of Peru, parabens, sodium benzoate or cinnamic aldehyde may worsen or cause 
skin rashes. 

However, the foods that cause urticaria (hives) or anaphylaxis (such as peanuts) cause a 
type I hypersensitivity reaction whereby the part of the food molecule is directly 
recognized by cells close to the skin called mast cells. Mast cells have antibodies on their 
surface called immunoglobulin E (IgE). These act as receptors and if they recognize the 
allergen, they release their contents, causing an immediate allergic reaction. Type I 
reactions like anaphylaxis are immediate and do not take 2 to 4 days to appear. In a recent 
study of patients with chronic hives who were patch tested, those who were found 
allergic and avoided all contact with their allergen, including dietary intake, stopped 
having hives. Those who started eating their allergen again had recurrence of their hives.  
Often, patch testing for food allergies is not necessary, but in selected individuals it may 
be helpful. 
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Chapter  6 

Complement Fixation Test and 
Radioimmunoassay 

 
 
 

Complement fixation test 
The complement fixation test is an immunological medical test that can be used to 
detect the presence of either specific antibody or specific antigen in a patient's serum. It 
was widely used to diagnose infections, particularly with microbes that are not easily 
detected by culture methods, and in rheumatic diseases. However, in clinical diagnostics 
labs it has been largely superseded by other serological methods such as ELISA and by 
DNA-based methods of pathogen detection, particularly PCR. 

Process 

The complement system is a system of serum proteins that react with antigen-antibody 
complexes. If this reaction occurs on a cell surface, it will result in the formation of trans-
membrane pores and therefore destruction of the cell. The basic steps of a complement 
fixation test are as follows: 

1. Serum is isolated from the patient. 
2. Patients naturally have different levels of complement proteins in their serum. To 

negate any effects this might have on the test, the complement proteins in the 
patient's serum must be destroyed and replaced by a known amount of 
standardized complement proteins.  

1. The serum is heated in such a way that all of the complement proteins--but 
none of the antibodies-- within it are destroyed. (This is possible because 
complement proteins are much more susceptible to destruction by heat 
than antibodies.) 

2. A known amount of standard complement proteins are added to the serum. 
(These proteins are frequently obtained from guinea pig serum.) 

3. The antigen of interest is added to the serum. 
4. Sheep red blood cells (sRBCs)  which have been pre-bound to anti-sRBC 

antibodies are added to the serum. The test is considered negative if the solution 
turns pink at this point and positive otherwise. 
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If the patient's serum contains antibodies against the antigen of interest, they will bind to 
the antigen in step 3 to form antigen-antibody complexes. The complement proteins will 
react with these complexes and be depleted. Thus when the sRBC-antibody complexes 
are added in step 4, there will be no complement left in the serum. However, if no 
antibodies against the antigen of interest are present, the complement will not be depleted 
and it will react with the sRBC-antibody complexes added in step 4, lysing the sRBCs 
and spilling their contents into the solution, thereby turning the solution pink. 

Testing for antigen 

While detection of antibodies is the more common test format, it is equally possible to 
test for the presence of antigen. In this case, the patient's serum is supplemented with 
specific antibody to induce formation of complexes; addition of complement and 
indicator sRBC is performed as before. 

Quantitative testing 

The test can be made quantitative by setting up a series of dilutions of patient serum and 
determining the highest dilution factor that will still yield a positive CF test. This dilution 
factor corresponds to the titer. 

 

Radioimmunoassay 
Radioimmunoassay (RIA), an in vitro nuclear medicine, is a very sensitive technique 
used to measure concentrations of antigens (for example, hormone levels in the blood) by 
use of antibodies. As such, it can be seen as the inverse of a radiobinding assay, which 
quantifies an antibody by use of corresponding antigens. 

Although the RIA technique is extremely sensitive and extremely specific, it requires 
specialized equipment, but remains the least expensive method to perform such tests. It 
requires special precautions and licensing, since radioactive substances are used. Today it 
has been supplanted by the ELISA method, where the antigen-antibody reaction is 
measured using colorimetric signals instead of a radioactive signal. However, because of 
its robustness, consistent results and low price per test , RIA methods are again becoming 
popular. It is generally more simple to perform than a bioassay 

The RAST test (radioallergosorbent test) is an example of radioimmunoassay. It is used 
to detect the causative allergen for an allergy. 
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Method 

To perform a radioimmunoassay, a known quantity of an antigen is made radioactive, 
frequently by labeling it with gamma-radioactive isotopes of iodine attached to tyrosine. 
This radiolabeled antigen is then mixed with a known amount of antibody for that 
antigen, and as a result, the two chemically bind to one another. Then, a sample of serum 
from a patient containing an unknown quantity of that same antigen is added. This causes 
the unlabeled (or "cold") antigen from the serum to compete with the radiolabeled antigen 
("hot") for antibody binding sites. As the concentration of "cold" antigen is increased, 
more of it binds to the antibody, displacing the radiolabeled variant, and reducing the 
ratio of antibody-bound radiolabeled antigen to free radiolabeled antigen. The bound 
antigens are then separated from the unbound ones, and the radioactivity of the free 
antigen remaining in the supernatant is measured using a gamma counter. Using known 
standards, a binding curve can then be generated which allows the amount of antigen in 
the patient's serum to be derived. 

History 

It was developed by Rosalyn Yalow and Solomon Aaron Berson in the 1950s. In 1977, 
Rosalyn Sussman Yalow received the Nobel Prize in Medicine for the development of 
the RIA for insulin: the precise measurement of minute amounts of such a hormone was 
considered a breakthrough in endocrinology. 

With this technique, separating bound from unbound antigen is crucial. Initially, the 
method of separation employed was the use of a second "anti-antibody" directed against 
the first for precipitation and centrifugation. The use of charcoal suspension for 
precipitation was extended but replaced later by Drs. Werner and Acebedo at Columbia 
University for RIA of T3 and T4. An ultramicro RIA for human TSH was published in 
BBRC (1975) by Drs. Acebedo, Hayek et al. 
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Chapter  7 

Retroperitoneal Lymph Node Dissection 
and Chromatin Immunoprecipitation 

 
 
 
 

Retroperitoneal lymph node dissection 
Retroperitoneal lymph node dissection, commonly referred to as RPLND, is a 
procedure to remove abdominal lymph nodes to treat testicular cancer, as well as help 
establish its exact stage and type. It is usually performed using an incision that extends 
from the sternum to several inches below the navel. While laparoscopic methods may be 
used, they have been considered less effective by some surgeons. 

Testicular cancer spreads in a well-known pattern, and the lymph nodes in the 
retroperitoneum are a primary landing site during spread of the disease. Examining the 
removed lymphatic tissue will determine the extent of spread of any malignant disease 
and if no malignant tissue is found, the cancer may be more accurately considered as a 
stage I cancer, limited to the testis. 

The procedure is becoming standard treatment for clinical stage I and II non-
seminomatous germ cell tumors (NSGCTT) because of the low mortality and relapse rate 
with this procedure, as compared with the alternative, which is observation. Also, 
NSGCTT is considered more aggressive than seminomas, the "other" kind of testicular 
cancer. Seminomas are also much more sensitive to radiation than NSGCTT's, so the 
noninvasive radiation treatment is often preferred over RPLND. 

The potential problems in RPLND have mostly to do with nerves: sympathetic nerves 
running parallel to the spinal cord may be damaged or severed during the procedure, 
which can result in infertility, an inability to ejaculate, or the inability to have an erection. 
This is why most often, a nerve-sparing technique is used where possible. A less invasive 
form using laparoscopic techniques (L-RPLND) exists, which is more costly, time-
consuming, and requires special equipment that not every hospital may have. Open 
RPLND (O-RPLND), which is performed by opening the abdomen to get inside, has 
more room for problems, but is an equally effective way to remove the lymph nodes. 
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Disadvantages of an open RPLND include longer recovery time, sometimes with 
physiotherapy required to help the patient regain the ability to walk after being bed-
bound. As with any major surgery, infection is a possibility, and bowel obstructions and 
adhesions are another possible side effect. 

There are different schools of thought about the need to perform RPLND after 
orchiectomy, and it depends on the type of tumour, and what stage it is in. Most 
American Doctors recommend surgery, whereas in Europe, chemotherapy is more often 
used. An RPLND may be performed to remove non-malignant tumour remnants which 
persist after chemotherapy; without further treatment these may once more become 
malignant, and may be resistant to the combination of chemotherapy previously used. 

Chemotherapy before RPLND is considered an effective approach, because it is possible 
that it suffices and no relapse occurs. However, in the event that the cancer does recur, 
chemotherapy can complicate surgery. 
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Chromatin immunoprecipitation 
 
 

 
 
The procedure of chromatin immunoprecipitation (ChIP) assay and methods of analysis 

Chromatin Immunoprecipitation (ChIP) is a type of immunoprecipitation 
experimental technique used to investigate the interaction between proteins and DNA in 
the cell. It aims to determine whether specific proteins are associated with specific 
genomic regions, such as transcription factors on promoters or other DNA binding sites, 
and possibly defining cistromes. ChIP also aims to determine the specific location in the 
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genome that various histone modifications are associated with, indicating the target of the 
histone modifiers. 

Briefly, the method is as follows: protein and associated chromatin in a cell lysate are 
temporarily bonded, the DNA-protein complexes (chromatin-protein) are then sheared 
and DNA fragments associated with the protein(s) of interest are selectively 
immunoprecipitated, then the associated DNA fragments are purified and their sequence 
is determined. These DNA sequences are supposed to be associated with the protein of 
interest in vivo. 

Typical ChIP 

Technically, there are mainly two types of ChIP, primarily differing in the starting 
chromatin preparation. The first uses reversibly cross-linked chromatin sheared by 
sonication called cross-linked ChIP (XChIP). Native ChIP (NChIP) uses native 
chromatin sheared by micrococcal nuclease digestion, 

Cross-linked ChIP (XChIP) 

Cross-linked ChIP is mainly suited for mapping DNA target of transcription factors or 
other chromatin-associated proteins, by using reversibly cross-linked chromatin as 
starting material. The agent for reversible cross-link could be formaldehyde or UV light. 
Then the cross-linked chromatin are usually sheared by sonication, providing fragments 
of 300-1000 base pairs (bp) in length. Mild formaldehyde crosslinking followed by 
nuclease digestion has been used to shear the chromatin. Chromatin fragments of 400-
500bp have proven to be suitable for ChIP assays as they cover two to three nucleosomes. 

Cell debris in the sheared lysate is then cleared by sedimentation and protein–DNA 
complexes are selectively immunoprecipitated using specific antibodies to the protein(s) 
of interest. The antibodies are commonly coupled to agarose, sepharose or magnetic 
beads. The immunoprecipitated complexes (i.e., the bead–antibody–protein–target DNA 
sequence complex) are then collected and washed to remove non-specifically bound 
chromatin, the protein-DNA cross-link is reversed and proteins are removed by digestion 
with proteinase K. 

The DNA associated with the complex is then purified and identified by polymerase 
chain reaction (PCR), microarrays (ChIP-on-chip), molecular cloning and sequencing, or 
direct high-throughput sequencing (ChIP-seq). 

Native ChIP (NChIP) 

Native ChIP is mainly suited for mapping the DNA target of histone modifiers. 
Generally, native chromatin is used as starting chromatin. As histones wrap around DNA 
to form nucleosomes, they are naturally linked. Then the chromatin is sheared by 
micrococcal nuclease digestion, which cuts DNA at the length of the linker, leaving 
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nucleosomes intact and providing DNA fragments of one nucleosome (200bp) to five 
nucleosomes (1000bp) in length. 

Thereafter, methods similar to XChIP are used for clearing the cell debris, 
immunoprecipitating the protein of interest, removing protein from the 
immunoprecipated complex, and purifying and analyzing the complex-associated DNA. 

Comparison of XChIP and NChIP 

The major advantage for NChIP is antibody specificity. It is important to note that most 
antibodies to modified histones are raised against unfixed, synthetic peptide antigens and 
that the epitopes they need to recognize in the XChIP may be disrupted or destroyed by 
formaldehyde cross-linking, particularly as the cross-links are likely to involve lysine e-
amino groups in the N-terminals, disrupting the epitopes. This is likely to explain the 
consistently low efficiency of XChIP protocols compare to NChIP. 

But XChIP and NChIP have different aims and advantage against each other, XChIP is 
for mapping target site of transcription factors and other chromatin associated proteins, 
NChIP is for mapping the target site of histone modifiers (see Table 1). 

Table 1 Advantages and disadvantages of NChIP and XChIP 

 XChIP NChIP 

Advantages 

Suitable for transcriptional factors, 
or any other weakly binding 
chromatin associated proteins. 
Applicable to any organisms where 
native protein is hard to prepare 

Testable antibody specificity 
Better antibody specificity as 
target protein naturally intact 

Better chromatin and protein 
recovery efficiency due to 
Better antibody specificity 

Disadvantages 

Inefficient chromatin recovery due 
to antibody target protein epitope 
disruption 
May cause false positive result due 
to fixation of transient proteins to 
chromatin 
Wide range of chromatin shearing 
size due to random cut by 
sonication. 

Usually not suitable for non-
histone proteins 
Nucleosomes may rearrange 
during digestion 

History and New ChIP methods 

XChIP was pioneered by Alexander Varshavsky and co-workers in the 1980s, and has 
been extensively developed and refined. NChIP approach was first described by Hebbes 
et al., 1988, and also been developed and refined quickly. The typical ChIP assay usually 
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take 4–5 days, and require 106~ 107 cells at least. Now new techniques on ChIP could be 
achieved as few as 100~1000 cells and complete within one day. 

• Carrier ChIP (CChIP): This approach could use as few as 100 cells by adding 
Drosophila cells as carrier chromatin to reduce loss and facilitate precipitation of 
the target chromatin. However, it demands highly specific primers for detection of 
the target cell chromatin from the foreign carrier chromatin background, and it 
takes two to three days. 

• Fast ChIP (qChIP): The fast ChIP assay reduced the time by shortening two steps 
in a typical ChIP assay: (i) an ultrasonic bath accelerates the rate of antibody 
binding to target proteins—and thereby reduces immunoprecipitation time (ii) a 
resin-based (Chelex-100) DNA isolation procedure reduces the time of cross-link 
reversal and DNA isolation. However, the fast protocol is suitable only for large 
cell samples (in the range of 106~107). Up to 24 sheared chromatin samples can 
be processed to yield PCR-ready DNA in 5 hours, allowing multiple chromatin 
factors be probed simultaneously and/or looking at genomic events over several 
time points. 

• Quick and quantitative ChIP (Q2ChIP) : The assay uses 100,000 cells as 
starting material and is suitable for up to 1,000 histone ChIPs or 100 transcription 
factor ChIPs. Thus many chromatin samples can be prepared in parallel and 
stored, and Q2ChIP can be undertaken in a day . 

• MicroChIP (µChIP): chromatin is usually prepared from 1,000 cells and up to 8 
ChIPs can be done in parallel without carriers. The assay can also start with 100 
cells, but only suit for one ChIP. It can also use small (1 mm3) tissue biopsies and 
microChIP can be done within one day. 

• Matrix ChIP: This is a microplate-based ChIP assay with increased throughput 
and simplified the procedure. All steps are done in microplate wells without 
sample transfers, enabling a potential for automation. It enables 96 ChIP assays 
for histone and various DNA-bound proteins in a single day . 

ChIP could also been applied for genome wide analysis when combined with microarray 
technology (ChIP-on-chip) and second generation DNA-sequencing technology (Chip-
Sequencing). ChIP can also combine with paired-end tags sequencing in Chromatin 
Interaction Analysis using Paired End Tag sequencing (ChIA-PET), a technique 
developed for large-scale, de novo analysis of higher-order chromatin structures. 
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Chapter  8 

Ouchterlony Double Immunodiffusion, 
ELISA and Radial Immunodiffusion 
 
 
 
 

Ouchterlony double immunodiffusion 
 

 
 
Picture of an Ouchterlony double immunodiffusion plate, after immunodiffusion has 
taken place. In this, titre value of an antigen is quantified. The central well has an 
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antibody, and the surrounding wells have decreasing concentration of the corresponding 
antigen 

Ouchterlony double immunodiffusion (also known as agar gel immunodiffusion or 
passive double immunodiffusion) is a simple, rather dated method which is still 
considered to be the gold standard for detection of extractable nuclear antigens (ENAs). 

Procedure 

A gel plate is cut to form a series of holes ("wells") in the gel. A sample extract of 
interest (for example human cells harvested from tonsil tissue) is placed in one well, and 
sera or purified antibodies are placed in another well and the plate left for 48 hours to 
develop. During this time the antigens in the sample extract and the antibodies each 
diffuse out of their respective wells. Where the two diffusion fronts meet, if any of the 
antibodies recognize any of the antigens, they will bind to the antigens and form what is 
known as an immune complex. This immune complex precipitates in the gel to give a 
thin white line, which is a visual signature of antigen recognition. 

The method can be conducted in parallel with multiple wells filled with different antigen 
mixtures and multiple wells with different antibodies or mixtures of antibodies, and 
antigen-antibody reactivity can be seen by observing between which wells the precipitate 
is observed. When more than one well is used there are many possible outcomes based on 
the reactivity of the antigen and antibody selected. The zone of equivalence lines may 
give a full identity (i.e. a continuous line), partial identity (i.e. a continuous line with a 
spur at one end), or a non-identity (i.e. the two lines cross completely). 

Theory 

Precipitation occurs with most antigens because the antigen is multivalent (i.e. has 
several antigenic determinants per molecule to which antibodies can bind). Antibodies 
have at least two antigen binding sites (and in the case of IgM there is a multimeric 
complex with up to 10 antigen binding sites), thus large aggregates or gel-like lattices of 
antigen and antibody are formed. Experimentally, an increasing amount of antigen is 
added to a constant amount of antibody in solution, initially at low antigen concentration, 
all of the antigen is contained in the precipitate. This is called the antibody-excess zone 
(i.e. prozone phenomenon). As more antigen is added, the amount protein precipitated 
increases until the antigen/antibody molecules are at an optimal ratio. This is known as 
the zone of equivalence or equivalence point. When the amount of antigen in solution 
exceeds the amount of antibody, the amount of precipitation will decrease. This is known 
as the antigen excess zone. 
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ELISA 
 

 
 

A 96-well microtiter plate being used for ELISA. 

Enzyme-linked immunosorbent assay (ELISA), also known as an enzyme 
immunoassay (EIA), is a biochemical technique used mainly in immunology to detect 
the presence of an antibody or an antigen in a sample. The ELISA has been used as a 
diagnostic tool in medicine and plant pathology, as well as a quality-control check in 
various industries. In simple terms, in ELISA, an unknown amount of antigen is affixed 
to a surface, and then a specific antibody is applied over the surface so that it can bind to 
the antigen. This antibody is linked to an enzyme, and in the final step a substance is 
added that the enzyme can convert to some detectable signal, most commonly a colour 
change in a chemical substrate. 

Performing an ELISA involves at least one antibody with specificity for a particular 
antigen. The sample with an unknown amount of antigen is immobilized on a solid 
support (usually a polystyrene microtiter plate) either non-specifically (via adsorption to 
the surface) or specifically (via capture by another antibody specific to the same antigen, 
in a "sandwich" ELISA). After the antigen is immobilized, the detection antibody is 
added, forming a complex with the antigen. The detection antibody can be covalently 



_________________WORLD TECHNOLOGIES_________________

WT

linked to an enzyme, or can itself be detected by a secondary antibody that is linked to an 
enzyme through bioconjugation. Between each step, the plate is typically washed with a 
mild detergent solution to remove any proteins or antibodies that are not specifically 
bound. After the final wash step, the plate is developed by adding an enzymatic substrate 
to produce a visible signal, which indicates the quantity of antigen in the sample. 

Traditional ELISA typically involves chromogenic reporters and substrates that produce 
some kind of observable color change to indicate the presence of antigen or analyte. 
Newer ELISA-like techniques utilize fluorogenic, electrochemiluminescent, and real-
time PCR reporters to create quantifiable signals. These new reporters can have various 
advantages including higher sensitivities and multiplexing. In technical terms, newer 
assays of this type are not strictly ELISAs, as they are not "enzyme-linked" but are 
instead linked to some non-enzymatic reporter. However, given that the general 
principles in these assays are largely similar, they are often grouped in the same category 
as ELISAs. 

Applications 

 
 
ELISA results using S-OIV A neuraminidase antibody at 1 μg/ml to probe the 
immunogenic and the corresponding seasonal influenza A neuraminidase peptides at 50, 
10, 2, and 0 ng/ml. 

Because the ELISA can be performed to evaluate either the presence of antigen or the 
presence of antibody in a sample, it is a useful tool for determining serum antibody 
concentrations (such as with the HIV test or West Nile Virus). It has also found 
applications in the food industry in detecting potential food allergens such as milk, 
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peanuts, walnuts, almonds, and eggs. ELISA can also be used in toxicology as a rapid 
presumptive screen for certain classes of drugs. 

The ELISA was the first screening test widely used for HIV because of its high 
sensitivity. In an ELISA, a person's serum is diluted 400-fold and applied to a plate to 
which HIV antigens are attached. If antibodies to HIV are present in the serum, they may 
bind to these HIV antigens. The plate is then washed to remove all other components of 
the serum. A specially prepared "secondary antibody" — an antibody that binds to other 
antibodies — is then applied to the plate, followed by another wash. This secondary 
antibody is chemically linked in advance to an enzyme. Thus, the plate will contain 
enzyme in proportion to the amount of secondary antibody bound to the plate. A substrate 
for the enzyme is applied, and catalysis by the enzyme leads to a change in color or 
fluorescence. ELISA results are reported as a number; the most controversial aspect of 
this test is determining the "cut-off" point between a positive and a negative result. 

A cut-off point may be determined by comparing it with a known standard. If an ELISA 
test is used for drug screening at workplace, a cut-off concentration, 50 ng/mL, for 
example, is established, and a sample that contains the standard concentration of analyte 
will be prepared. Unknowns that generate a signal that is stronger than the known sample 
are "positive." Those that generate weaker signal are "negative." 

History 

Before the development of the ELISA, the only option for conducting an immunoassay 
was radioimmunoassay, a technique using radioactively-labeled antigens or antibodies. In 
radioimmunoassay, the radioactivity provides the signal, which indicates whether a 
specific antigen or antibody is present in the sample. Radioimmunoassay was first 
described in a paper by Rosalyn Sussman Yalow and Solomon Berson published in 1960. 

Because radioactivity poses a potential health threat, a safer alternative was sought. A 
suitable alternative to radioimmunoassay would substitute a non-radioactive signal in 
place of the radioactive signal. When enzymes (such as peroxidase) react with 
appropriate substrates (such as ABTS or 3,3’,5,5’-Tetramethylbenzidine), a change in 
color occurs, which is used as a signal. However, the signal has to be associated with the 
presence of antibody or antigen, which is why the enzyme has to be linked to an 
appropriate antibody. This linking process was independently developed by Stratis 
Avrameas and G.B. Pierce. Since it is necessary to remove any unbound antibody or 
antigen by washing, the antibody or antigen has to be fixed to the surface of the 
container; i.e., the immunosorbent has to be prepared. A technique to accomplish this was 
published by Wide and Jerker Porath in 1966. 

In 1971, Peter Perlmann and Eva Engvall at Stockholm University in Sweden, and Anton 
Schuurs and Bauke van Weemen in The Netherlands independently published papers that 
synthesized this knowledge into methods to perform EIA/ELISA. 
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Types 

"Indirect" ELISA 

The steps of "indirect" ELISA follows the mechanism below:- 

• A buffered solution of the antigen to be tested for is added to each well of a 
microtiter plate, where it is given time to adhere to the plastic through charge 
interactions. 

• A solution of non-reacting protein, such as bovine serum albumin or casein, is 
added to block any plastic surface in the well that remains uncoated by the 
antigen. 

• Next the primary antibody is added, which binds specifically to the test antigen 
that is coating the well. This primary antibody could also be in the serum of a 
donor to be tested for reactivity towards the antigen. 

• Afterwards, a secondary antibody is added, which will bind the primary antibody. 
This secondary antibody often has an enzyme attached to it, which has a 
negligible effect on the binding properties of the antibody. 

• A substrate for this enzyme is then added. Often, this substrate changes color 
upon reaction with the enzyme. The color change shows that secondary antibody 
has bound to primary antibody, which strongly implies that the donor has had an 
immune reaction to the test antigen. This can be helpful in a clinical setting, and 
in R&D. 

• The higher the concentration of the primary antibody that was present in the 
serum, the stronger the color change. Often a spectrometer is used to give 
quantitative values for color strength. 

The enzyme acts as an amplifier; even if only few enzyme-linked antibodies remain 
bound, the enzyme molecules will produce many signal molecules. Within common-
sense limitations, the enzyme can go on producing color indefinitely, but the more 
primary antibody is present in the donor serum the more secondary antibody + enzyme 
will bind, and the faster color will develop. A major disadvantage of the indirect ELISA 
is that the method of antigen immobilization is non-specific; when serum is used as the 
source of test antigen, all proteins in the sample may stick to the microtiter plate well, so 
small concentrations of analyte in serum must compete with other serum proteins when 
binding to the well surface. The sandwich or direct ELISA provides a solution to this 
problem, by using a "capture" antibody specific for the test antigen to pull it out of the 
serum's molecular mixture. 

ELISA may be run in a qualitative or quantitative format. Qualitative results provide a 
simple positive or negative result (yes or no) for a sample. The cutoff between positive 
and negative is determined by the analyst and may be statistical. Two or three times the 
standard deviation (error inherent in a test) is often used to distinguish positive from 
negative samples. In quantitative ELISA, the optical density (OD) of the sample is 
compared to a standard curve, which is typically a serial dilution of a known-
concentration solution of the target molecule. For example, if a test sample returns an OD 



_________________WORLD TECHNOLOGIES_________________

WT

of 1.0, the point on the standard curve that gave OD = 1.0 must be of the same analyte 
concentration as your sample. 

Sandwich ELISA 

 
 
A sandwich ELISA. (1) Plate is coated with a capture antibody; (2) sample is added, and 
any antigen present binds to capture antibody; (3) detecting antibody is added, and binds 
to antigen; (4) enzyme-linked secondary antibody is added, and binds to detecting 
antibody; (5) substrate is added, and is converted by enzyme to detectable form. 

A less-common variant of this technique, called "sandwich" ELISA, is used to detect 
sample antigen. The steps are as follows: 

1. Prepare a surface to which a known quantity of capture antibody is bound. 
2. Block any nonspecific binding sites on the surface. 
3. Apply the antigen-containing sample to the plate. 
4. Wash the plate, so that unbound antigen is removed. 
5. Apply enzyme linked primary antibodies as detection antibodies that also bind 

specifically to the antigen. 
6. Wash the plate, so that the unbound antibody-enzyme conjugates are removed. 
7. Apply a chemical that is converted by the enzyme into a color or fluorescent or 

electrochemical signal. 
8. Measure the absorbency or fluorescence or electrochemical signal (e.g., current) 

of the plate wells to determine the presence and quantity of antigen. 

The image to the right includes the use of a secondary antibody conjugated to an enzyme, 
though, in the technical sense, this is not necessary if the primary antibody is conjugated 
to an enzyme. However, use of a secondary-antibody conjugate avoids the expensive 
process of creating enzyme-linked antibodies for every antigen one might want to detect. 
By using an enzyme-linked antibody that binds the Fc region of other antibodies, this 
same enzyme-linked antibody can be used in a variety of situations. Without the first 
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layer of "capture" antibody, any proteins in the sample (including serum proteins) may 
competitively adsorb to the plate surface, lowering the quantity of antigen immobilized. 
Use of the purified specific antibody to attach the antigen to the plastic eliminates a need 
to purify the antigen from complicated mixtures before the measurement, simplifying the 
assay, and increasing the specificity and the sensitivity of the assay. 

 Competitive ELISA 

A third use of ELISA is through competitive binding. The steps for this ELISA are 
somewhat different than the first two examples: 

1. Unlabeled antibody is incubated in the presence of its antigen (Sample). 
2. These bound antibody/antigen complexes are then added to an antigen-coated 

well. 
3. The plate is washed, so that unbound antibody is removed. (The more antigen in 

the sample, the less antibody will be able to bind to the antigen in the well, hence 
"competition.") 

4. The secondary antibody, specific to the primary antibody is added. This second 
antibody is coupled to the enzyme. 

5. A substrate is added, and remaining enzymes elicit a chromogenic or fluorescent 
signal. 

For competitive ELISA, the higher the sample antigen concentration, the weaker the 
eventual signal. The major advantage of a competitive ELISA is the ability to use crude 
or impure samples and still selectively bind any antigen that may be present. 

(Note that some competitive ELISA kits include enzyme-linked antigen rather than 
enzyme-linked antibody. The labeled antigen competes for primary antibody binding 
sites with your sample antigen (unlabeled). The more antigen in the sample the less 
labeled antigen is retained in the well and the weaker the signal). 

It is common that the antigen is not first positioned in the well. 

Multiple and Portable ELISA (M&P ELISA)(ELISA Reverse in 
published papers) 

A new technique (EP 1 499 894 B1 in EPO Bulletin 25.02.209 N. 2009/09; USPTO 
7510687 in USPTO Bulletin 31.03.2009; ZL 03810029.0 in SIPO PRC Bulletin 
08.04.2009) uses a solid phase made up of an immunosorbent polystyrene rod with 8-12 
protruding ogives. The entire device is immersed in a test tube containing the collected 
sample and the following steps (washing, incubation in conjugate and incubation in 
chromogenous) are carried out by dipping the ogives in microwells of standard 
microplates pre-filled with reagents. 
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The advantages of this technique are as follows: 

1. The ogives can each be sensitized to a different reagent, allowing the 
simultaneous detection of different antibodies and/or different antigens for multi-
target assays 

2. The sample volume can be increased to improve the test sensitivity in clinical 
(saliva, urine), food (bulk milk, pooled eggs) and environmental (water) samples 

3. One ogive is left unsensitized to measure the non-specific reactions of the sample 
4. The use of laboratory supplies for dispensing sample aliquots, washing solution 

and reagents in microwells is not required, facilitating the deveopment of ready-
to-use lab-kits and on-site kits. 

Radial immunodiffusion 
Radial immunodiffusion (or Mancini method, Mancini immunodiffusion, single radial 
immunodiffusion assay) is an immunodiffusion technique used in immunology to 
determine the quantity of an antigen by measuring the diameters of circles of precipitin 
complexes surrounding samples of the antigen that mark the boundary between the 
antigen and an antibody suspended in a medium, such as an agar gel. The diameters of 
the circles increase with time as the antigen diffuses into the medium, reacts with the 
antibody, and forms insoluble precipitin complexes. 

Antigen-antibody complexes are small and soluble when in antigen excess. Therefore, 
precipitation near the center of the circle is usually less dense than it is near the circle's 
outer edge, where antigen is less concentrated. 

The quantity and concentration of insoluble antigen-antibody complexes at the outer edge 
of the circle increases with time. Therefore, the clarity and density of the outer edge 
increases with time. 

Expansion of the circle reaches an end point and stops when antigen and antibody reach 
equivalence. However, the clarity and density of the outer edge may continue to increase 
after the circle stops expanding. 

For most antigens, the area and the square of the diameter of the circle at the circle's end 
point are directly proportional to the quantity of antigen and are inversely proportional to 
the concentration of antibody. Therefore, a graph that compares the quantities or 
concentrations of antigen in the original samples with the areas or the squares of the 
diameters of the precipitin circles on linear scales will usually be a straight line when all 
circles have reached their end points. Circles created by small quantities of antigen reach 
their end points before large quantities do. Therefore, if areas or diameters of circles are 
measured while some, but not all, circles have stopped expanding, such a graph will be 
straight in the portion that contains the smaller quantities or concentrations of antigen and 
will be curved in the portion that contains the larger quantities or concentrations. 
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While circles are still expanding, a graph that compares the quantities or concentrations 
of the antigen on a logarithmic scale with the diameters or areas of the circles on a linear 
scale may be a straight line. However, circles of the precipitate are smaller and less 
distinct during expansion than they are after expansion has ended. Further, temperature 
affects the rate of expansion, but does not affect the size of a circle at its end point. In 
addition, the range of circle diameters for the same quantities or concentrations of antigen 
is smaller while some circles are enlarging than they are after all circles have reached 
their end points. Therefore, measurements of the sizes of circles and of graphs produced 
from such measurements are often less accurate when circles are expanding than they are 
after expansion has ended. For that reason, it is often more desirable to take 
measurements after all circles have reached their end points than it is to take 
measurements while some or all circles are still expanding. 

Measurements of large circles are more accurate than are those of small circles. It is 
therefore often desirable to adjust the concentration of antibody and the quantity of 
antigen to assure that precipitin rings will be large. 
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Chapter  9 

Enzyme Multiplied Immunoassay 
Technique and Immunofluorescence 
 
 
 
 

Enzyme multiplied immunoassay technique 
Enzyme multiplied immunoassay technique, or EMIT, is a common method for 
screening urine and blood for drugs, both legal or illicit. First introduced by Syva 
Company in 1973, it is the first homogeneous immunoassay to be widely used 
commercially. 

A mix and read protocol has been developed that is exceptionally simple and rapid. The 
most widely used applications for EMIT are for therapeutic drug monitoring (serum) and 
as a primary screen for abused drugs and their metabolites (urine). The US patents 
covering the major aspects of the method, 3,817,837 and 3,875,011, have expired. While 
still sold by Siemens Healthcare under its original trade name, EMIT, assay kits with 
different names that employ the same technology are supplied by other companies. The 
test is not particularly accurate, especially with regard to test results for cannabis. When 
the Food and Drug Administration approved EMIT, it did so with the strict provision that 
positive test results should be confirmed by an alternative testing method. 

Technique 

1) Combine a sample containing an unknown concentration of antigen (Ag) & a solution 
containing a known concentration of antibody against the Ag (Ab). 

2) Allow binding of Ag & Ab (incubation #1). 

3) Add a known concentration of prepared Ag-enzyme conjugate. 

4) Allow binding of Ag-enzyme conjugate with any remaining unbound Ab in solution 
(incubation #2). 
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The conjugate is constitutionally active; binding to any unbound Ab will render it 
inactive. 

5) Add enzyme substrate. 

6) Measure enzyme activity. 

 

Immunofluorescence 

 
 
 
Microphotograph of a histological section of human skin prepared for direct 
immunofluorescence using an anti-IgA antibody. The skin is from a patient with 
Henoch-Schonlein purpura: IgA deposits are found in the walls of small superficial 
capillaries (yellow arrows). The pale wavy green area on top is the epidermis, the bottom 
fibrous area is the dermis. 
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Microphotograph of a histological section of human skin prepared for direct 
immunofluorescence using an anti-IgG antibody. The skin is from a patient with 
systemic lupus erythematosus and shows IgG deposit at two different places: The first is 
a band-like deposit along the epidermal basement membrane ("lupus band test" is 
positive). The second is within the nuclei of the epidermal cells (anti-nuclear antibodies). 

Immunofluorescence is a technique used for light microscopy with a fluorescence 
microscope and is used primarily on biological samples. This technique uses the 
specificity of antibodies to their antigen to target fluorescent dyes to specific biomolecule 
targets within a cell, and therefore allows visualisation of the distribution of the target 
molecule through the sample. Immunofluorescence is a widely used example of 
immunostaining and is a specific example of immunohistochemistry that makes use of 
fluorophores to visualise the location of the antibodies. 

Immunofluorescence can be used on tissue sections, cultured cell lines, or individual 
cells, and may be used to analyse the distribution of proteins, glycans, and small 
biological and non-biological molecules. Immunofluoresence can be used in combination 
with other, non-antibody methods of fluorescent staining, for example, use of DAPI to 
label DNA. Several microscope designs can be used for analysis of immunofluorescence 
samples; the simplest is the epifluorescence microscope, and the confocal microscope is 
also widely used. Various super-resolution microscope designs that are capable of much 
higher resolution can also be used. 
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Types of immunofluorescence 

There are two classes of immunofluorescence techniques, primary (or direct) and 
secondary (or indirect). 

Primary (direct) 

Primary, or direct, immunofluorescence uses a single antibody that is chemically linked 
to a fluorophore. The antibody recognises the target molecule and binds to it, and the 
fluorophore it carries can be detected via microscope. This technique has several 
advantages over the secondary (or indirect) protocol below because of the direct 
conjugation of the antibody to the fluorophore. This reduces the number of steps in the 
staining procedure, is therefore faster, and can avoid some issues with antibody cross-
reactivity or non-specificity, which can lead to increased background signal. 

Secondary (indirect) 

Secondary, or indirect, immunofluorescence uses two antibodies; the first (the primary 
antibody) recognises the target molecule and binds to it, and the second (the secondary 
antibody), which carries the fluorophore, recognises the primary antibody and binds to it. 
This protocol is more complex than the primary (or direct) protocol above and takes more 
time but allows more flexibility. 

This protocol is possible because an antibody consists of two parts, a variable region 
(which recognizes the antigen) and an invariant region (which makes up the structure of 
the antibody molecule). A researcher can generate several primary antibodies that 
recognize various antigens (have different variable regions), but all share the same 
invariant region. All these antibodies may therefore be recognized by a single secondary 
antibody. This saves the cost of modifying the primary antibodies to directly carry a 
fluorophore. 

Different primary antibodies with different invariant regions are typically generated by 
raising the antibody in different species. For example, a researcher might create primary 
antibodies in a goat that recognize several antigens, and then employ dye-coupled rabbit 
secondary antibodies that recognize the goat antibody invariant region ("rabbit anti-goat" 
antibodies). The researcher may then create a second set of primary antibodies in a mouse 
that could be recognised by a separate "donkey anti-mouse" secondary antibody. This 
allows re-use of the difficult-to-make dye-coupled antibodies in multiple experiments. 

Limitations 

As with most fluorescence techniques, a significant problem with immunofluorescence is 
photobleaching. Loss of activity caused by photobleaching can be controlled by reducing 
the intensity or time-span of light exposure, by increasing the concentration of 
fluorophores, or by employing more robust fluorophores that are less prone to bleaching 
(e.g., Alexa Fluors, Seta Fluors, or DyLight Fluors). 
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Immunofluorescence is only limited to fixed (i.e., dead) cells when structures within the 
cell are to be visualized because antibodies cannot cross the cell membrane. Proteins in 
the supernatant or on the outside of the cell membrane can be bound by the antibodies, 
this allows for living cells can be stained. Depending on the fixative that is being used, 
proteins of interest might become cross-linked and this could result in either false 
positive or false negative signals due to unspecific binding. 

An alternative approach is using recombinant proteins containing fluorescent protein 
domains, e.g., green fluorescent protein (GFP). Use of such "tagged" proteins allows 
determination of their localization in live cells. Even though this seems to be an elegant 
alternative to immunofluorescence, the cells have to be transfected or transduced with the 
GFP-tag, and as a consequence they become at least S1 or above organisms that require 
stricter security standards in a laboratory. 
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Chapter  10 

Immunocytochemistry, Skin Allergy Test 
and Lymphogram 

 

 

Immunocytochemistry 

 
Immunocytochemistry labels individual proteins within cells, such as TH (green) in the 
axons of sympathetic autonomic neurons. 
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Immunocytochemistry (ICC) is a common laboratory technique that uses antibodies 
that target specific peptides or protein antigens in the cell via specific epitopes. These 
bound antibodies can then be detected using several different methods. ICC allows 
researchers to evaluate whether or not cells in a particular sample express the antigen in 
question. In cases where an immunopositive signal is found, ICC also allows researchers 
to determine which sub-cellular compartments are expressing the antigen. 

Immunocytochemistry vs. immunohistochemistry 

Immunocytochemistry differs from immunohistochemistry in that the former is 
performed on samples of intact cells that have had most, if not all, of their surrounding 
extracellular matrix removed. This includes cells grown within a culture, deposited from 
suspension, or taken from a smear. In contrast, immunohistochemical samples are 
sections of biological tissue, where each cell is surrounded by tissue architecture and 
other cells normally found in the intact tissue. Immunocytochemistry is a technique used 
to assess the presence of a specific protein or antigen in cells (cultured cells, cell 
suspensions) by use of a specific antibody, which binds to it, thereby allowing 
visualization and examination under a microscope. It is a valuable tool for the 
determination of cellular contents from individual cells. Samples that can be analyzed 
include blood smears, aspirates, swabs, cultured cells, and cell suspensions. 

There are many ways to prepare cell samples for immunocytochemical analysis. Each 
method has its own strengths and unique characteristics so the right method can be 
chosen for the desired sample and outcome. 

Cells to be stained can be attached to a solid support to allow easy handling in subsequent 
procedures. This can be achieved by several methods: adherent cells may be grown on 
microscope slides, coverslips, or an optically suitable plastic support. Suspension cells 
can be centrifuged onto glass slides (cytospin), bound to solid support using chemical 
linkers, or in some cases handled in suspension. 

Concentrated cellular suspensions that exist in a low-viscosity medium make good 
candidates for smear preparations. Dilute cell suspensions existing in a dilute medium are 
best suited for the preparation of cytospins through cytocentrifugation. Cell suspensions 
that exist in a high-viscosity medium, are best suited to be tested as swab preparations. 
The constant among these preparations is that the whole cell is present on the slide 
surface. For any intercellular reaction to take place, immunoglobulin must first traverse 
the cell membrane that is intact in these preparations. Reactions taking place in the 
nucleus can be more difficult, and the extracellular fluids can create unique obstacles in 
the performance of immunocytochemistry. In this situation, permeabilizing cells using 
detergent (Triton X-100 or Tween-20) or choosing organic fixatives (acetone, methanol, 
or ethanol) becomes necessary. 

Antibodies are an important tool for demonstrating both the presence and the subcellular 
localization of an antigen. Cell staining is a very versatile technique and, if the antigen is 
highly localized, can detect as few as a thousand antigen molecules in a cell. In some 



_________________WORLD TECHNOLOGIES_________________

WT

circumstances, cell staining may also be used to determine the approximate concentration 
of an antigen, especially by an image analyzer. 

Methods 

There are many methods to obtain immunological detection on tissues, including those 
tied directly to primary antibodies or antisera. A direct method involves the use of a 
detectable tag (e.g., fluorescent molecule, gold particles, etc., ) directly to the antibody 
that is then allowed to bind to the antigen (e.g., protein) in a cell. 

Alternatively, there are many indirect methods. In one such method, the antigen is 
bound by a primary antibody which is then amplified by use of a secondary antibody 
which binds to the primary antibody. Next, a tertiary reagent containing an enzymatic 
moiety is applied and binds to the secondary antibody. When the quaternary reagent, or 
substrate, is applied, the enzymatic end of the tertiary reagent converts the substrate into a 
pigment reaction product, which produces a color (many colors are possible; brown, 
black, red, etc.,) in the same location that the original primary antibody recognized that 
antigen of interest. 

Some examples of substrates used (also known as chromogens) are AEC (3-Amino-9-
EthylCarbazole), or DAB (3,3'-Diaminobenzidine). Use of one of these reagents after 
exposure to the necessary enzyme (e.g., horseradish peroxidase conjugated to an antibody 
reagent) produces a positive immunoreaction product. Immunocytochemical visualization 
of specific antigens of interest can be used when a less specific stain like H&E 
(Hematoxylin and Eosin) cannot be used for a diagnosis to be made or to provide 
additional predictive information regarding treatment (in some cancers, for example). 

Alternatively the secondary antibody may be covalently linked to a fluorophore (FITC 
and Rhodamine are the most common) which is detected in a fluorescence or confocal 
microscope. The location of fluorescence will vary according to the target molecule, 
external for membrane proteins, and internal for cytoplasmic proteins. In this way 
immunofluorescence is a powerful technique when combined with confocal microscopy 
for studying the location of proteins and dynamic processes (exocytosis, endocytosis, 
etc.). 
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Skin allergy test 
 

 
 

A patient receiving a skin allergy test 

Skin allergy testing is a method for medical diagnosis of allergies that attempts to 
provoke a small, controlled, allergic response. 
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Skin testing on arm 
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Skin testing on back 

Process 

A microscopic amount of an allergen is introduced to a patient's skin by various means: 

• Prick test or scratch test: pricking the skin with a needle or pin containing a small 
amount of the allergen. 

• Patch test: applying a patch to the skin, where the patch contains the allergen 

If an immuno-response is seen in the form of a rash, urticaria (hives), or (worse) 
anaphylaxis it can be concluded that the patient has a hypersensitivity (or allergy) to that 
allergen. Further testing can be done to identify the particular allergen. 

The "scratch test" as it's called, is still very commonly used as an allergen test. A similar 
test involving injecting the allergen is also used, but is not quite as common due to 
increased likelihood of infection and general ineffectiveness by comparison. There are 
other methods available to test for allergy. 

Some allergies are identified in a few minutes but others may take several days. In all 
cases where the test is positive, the skin will become raised, red and appear itchy. The 
results are recorded- larger wheals indicating that the subject is more sensitive to that 
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particular allergen. A negative test does not mean that the subject is not allergic; simply 
that either the right concentration was not used or the body failed to elicit a response. 

Prick test 

In the prick (scratch) test, a few drops of the purified allergen are gently pricked on to the 
skin surface, usually the forearm. This test is usually done in order to identify allergies to 
pet dander, dust, pollen, foods or dust mites. Intradermal injections are done by injecting 
a small amount of allergen just beneath the skin surface. The test is done to assess 
allergies to drugs like penicillin or bee venom. 

To ensure that the skin is reacting in the way it is supposed to, all skin allergy tests are 
also performed with proven allergens like histamine or glycerin. The majority of people 
do react to histamine or glycerin. If the skin does not react to these allergens then it most 
likely will not react to the other allergens. These results are interpreted as falsely 
negative. 

Patch test 

The patch test simply uses a large patch which has different allergens on it. The patch is 
applied onto the skin, usually on the back. The allergens on the patch include latex, 
medications, preservatives, hair dyes, fragrances, resins and various metals. When a patch 
is applied the subject should avoid bathing or exercise for at least 48 hours. 

Skin end point titration 

Also called an intra dermal test, this skin end point titration (SET) uses intradermal 
injection of allergens at increasing concentrations to measure allergic response. To 
prevent a severe allergic reaction, the test is started with a very dilute solution. After 10 
minutes, the injection site is measured to look for growth of wheal, a small swelling of 
the skin. Two millimeters of growth in 10 minutes is considered positive. If 2 mm of 
growth is noted, then a second injection at a higher concentration is given to confirm the 
response. The end point is the concentration of antigen that causes an increase in the size 
of the wheal followed by confirmatory whealing. If the wheal grows larger than 13 mm, 
then no further injection are given since this is considered a major reaction. 

 
Blotting Paper method Staedelar (in 1847)used method BLOTTING PAPER STRIPS to 
examine effect of Anacardeium.He applied sap of this plant to lower part of skin.A piece 
of blotting paper previously dipped in same material was applied to same side. After 15 
minute patient experienced a burning sensation which increased rapidly and reached at 
climax in about half hour.Skin under blotting paper turned white while surrounding areas 
had marked redness. Over might skin become covered by tiny vesicles,wound healed 
after about two weeks. 
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Preparation 

There are no major preparations required for skin testing. At the first consult, the 
subject's medical history is obtained and physical examination is performed. All 
consumers should bring a list of their medications because some may interfere with the 
testing. Other medications may increase the chance of a severe allergic reaction. 
Medications that commonly interfere with skin testing include the following: 

• Histamine antagonists like Allegra, Claritin, Benadryl, Zyrtec 
• Antidepressants like Amitriptyline, Doxepin 
• Antacid like Tagamet or Zantac 

Consumers who undergo skin testing should know that anaphylaxis can occur anytime. 
So if any of the following symptoms are experienced, a physician consultation is 
recommended immediately: 

• Low grade Fever 
• Lightheadedness or dizziness 
• Wheezing or Shortness of breath 
• Extensive skin rash 
• Swelling of face, lips or mouth 
• Difficulty swallowing or speaking 

Contraindications 

Even though skin testing may sound like a benign procedure it does have some risks 
which include swollen red bumps (hives) may occur after the test. The hives usually 
disappear in a few hours after the test. In rare cases they can persist for a day or two. 
These hives may be itchy and are best treated by applying an over the counter 
hydrocortisone cream. In very rare cases one may develop a full blown allergic reaction. 
Physicians who perform skin test always have equipment and medications available in 
case an anaphylaxis reaction occurs. This is the main reason why consumers should not 
get skin testing performed at corner stores or by people who have no medical training. 

Skin testing can be done on individual of all ages. However, there are times when a skin 
test should not be done. Individuals who take medications for depression, gastric acidity 
or antihistamines should not undergo this test. In such cases, stopping the medications for 
a skin test may not be worthwhile as one may develop symptoms from the untreated 
medical disorders. Individuals who have severe, generalized skin disease or an acute skin 
infection should not undergo skin testing. One needs uninvolved skin for testing. 

There are some individuals who are highly sensitive to even the smallest amount of 
allergen and in such scenarios, allergic testing is not recommended. Whenever the 
chances of an anaphylactic shock are high, the test is best avoided. 
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Besides skin tests, there are blood tests which measure a specific antibody in the blood. 
The IgE antibody plays a vital role in allergies but its levels in blood do not always 
correlate with the allergic reaction. 

There are many alternative health care practitioners who perform a variety of provocation 
neutralization tests, but the vast majority of these tests have no validity and have never 
been proven to work scientifically. 

Lymphogram 
Lymphography is a medical imaging technique in which a radiopaque contrast medium 
is injected, and then an X-ray picture is taken to visualize structures of the lymphatic 
system, including lymph nodes, lymph ducts, lymphatic tissues, lymph capillaries and 
lymph vessels. Lymphangiography is the same procedure, used only to visualize the 
lymph vessels. The X-ray film or image of the vessels and nodes is called a lymphogram 
or a lymphangiogram. 

It is performed in a hospital radiology department or in the health care provider's office 
by an X-ray technician. 

Radiographs can be taken after injection of a radiopaque contrast medium into small 
lymphatic vessels (these are made visible by prior subcutaneous injection of patent blue 
dye). The resulting lymphogram is used to find the locations of large vessels and nodes, 
and to identify sites of blockage in lymphatic drainage. 

Lymph nodes can also be detected via radionuclide imaging after injection of radioactive 
colloids. Macrophages phagocytose these foreign bodies and sequester in the nodes. 

Procedure 

• A needle or catheter is inserted into a lymphatic channel in either the foot or arm, 
and a contrast medium is injected into the body at a very slow rate (approximately 
60 to 90 minutes for all the contrast medium to be injected). 

• A fluoroscope is used to follow the dye as it spreads through the lymphatic system 
through the legs, into the groin, and along the back of the abdominal cavity. 

• Once the contrast medium is injected, the catheter is removed, and the incisions 
are stitched and bandaged. X-rays are taken of the legs, pelvis, abdomen, and 
chest areas. The next day, another set of X-rays may be taken. 

• If a site of cancer (breast or melanoma) is being studied to evaluate spreading, a 
mixture of blue dye and a radioactive tracer is injected next to the mass. Special 
cameras detect the spread of tracer along lymph channels to outlying nodes. 

• A surgeon will then use the visible blue dye or radioactivity within nodes to guide 
biopsy within adjacent tissues (such as the arm pit for breast cancer) to determine 
possible routes of cancer spread. 
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Use 

This test is not used as often as it once was, because of the adoption of CT scan and the 
PET scan technologies. 
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Chapter  11 

ELISPOT, Hemagglutination and 
Nephelometry 
 
 
 
 

ELISPOT 
The Enzyme-linked immunosorbent spot (ELISPOT) assay is a common method for 
monitoring immune responses in humans and animals. It was developed by Cecil 
Czerkinsky in 1983. 

The ELISPOT assay is based on, and was developed from a modified version of the 
ELISA immunoassay. ELISPOT assays were originally developed to enumerate B cells 
secreting antigen-specific antibodies, and have subsequently been adapted for various 
tasks, especially the identification and enumeration of cytokine-producing cells at the 
single cell level. Simply put, at appropriate conditions the ELISPOT assay allows 
visualization of the secretory product of individual activated or responding cells. Each 
spot that develops in the assay represents a single reactive cell. Thus, the ELISPOT assay 
provides both qualitative (type of immune protein) and quantitative (number of 
responding cells) information. 

By virtue of exquisite sensitivity of the ELISPOT assay, frequency analysis of rare cell 
populations (e.g., antigen-specific responses) which were not possible before are now 
relatively easy. This exceptional sensitivity is in part because the product is rapidly 
captured around the secreting cell: before it is either diluted in the supernatant, captured 
by receptors of adjacent cells, or degraded. This makes ELISPOT assays much more 
sensitive than conventional ELISA measurements. Limits of detection are below 
1/100,000 rendering enumerate the actively producing cells. This allows much of the 
analysis process to be automated, and permits a greater level of accuracy than what can 
be achieved using manual inspection. 

Procedure 

As noted above, the ELISPOT assays employ a technique very similar to the sandwich 
enzyme-linked immunosorbent assay (ELISA) technique. Either a monoclonal (preferred 
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for greater specificity) or polyclonal capture antibody that is coated aseptically onto a 
PVDF (polyvinylidene fluoride) -backed microplate. These antibodies are chosen for 
their specificity for the analyte in question. The plate is blocked, usually with a serum 
protein that is non-reactive with any of the antibodies in the assay. After this, cells of 
interest are plated out at varying densities, along with antigen or mitogen, and then placed 
in a humidified 37°C CO2 incubator for a specified period of time. 

Cytokine (or other cell product of interest) secreted by activated cells is captured locally 
by the coated antibody on the high surface area PVDF membrane. After washing the 
wells to remove cells, debris, and media components, a biotinylated polyclonal antibody 
specific for the chosen analyte is added to the wells. This antibody is reactive with a 
distinct epitope of the target cytokine and thus is employed to detect the captured 
cytokine. Following a wash to remove any unbound biotinylated antibody, the detected 
cytokine is then visualized using an avidin-HRP, and a precipitating substrate (e.g., AEC, 
BCIP/NBT). The colored end product (a spot, usually a blackish blue) typically 
represents an individual cytokine-producing cell. The spots can be counted manually 
(e.g., with a dissecting microscope) or using an automated reader to capture the 
microwell images and to analyze spot number and size. 

Fluorospot Assay 

The FluoroSpot assay is a modification of the ELISPOT assay and is based on using 
multiple fluorescent anticytokines which makes it possible to spot two cytokines in the 
same assay. 

 

Hemagglutination 
Hemagglutination, or haemagglutination, is a specific form of agglutination that 
involves red blood cells (RBCs). It has two common uses in the laboratory: blood typing 
and the quantification of virus dilutions. 

Blood Typing 

Blood type can be determined by using antibodies that bind to the A or B blood group in 
a sample of blood. 

For example, if antibodies that bind the A blood group are added and agglutination 
occurs, the blood is either type A or type AB. To determine between type A or type AB, 
antibodies that bind the B group are added and if agglutination does not occur, the blood 
is type A. 
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In blood grouping the patient's serum is tested against RBCs of known blood groups and 
also the patient's RBCs are tested against known serum types. In this way the patient's 
blood group is confirmed from both RBCs and serum. A direct Coombs test is also done 
on the patient's blood sample in case there are any confounding antibodies. 

Viral Hemagglutination Assay 

Many viruses attach to molecules present on the surface of RBCs. A consequence of this 
is that at certain concentrations, a viral suspension may bind together (agglutinate) the 
RBCs, thus preventing them from settling out of suspension. Since agglutination is rarely 
linked to infectivity, attenuated viruses can therefore be used in assays. 

By serially diluting a virus suspension into an assay tray (a series of wells of uniform 
volume) and adding a standard amount of blood cells, an estimation of the number of 
virus particles can be made. While less accurate than a plaque assay, it is cheaper and 
quicker (taking just 30 minutes). 

This assay may be modified to include the addition of an antiserum. By using a standard 
amount of virus, a standard amount of blood cells, and serially diluting the antiserum, one 
can identify the concentration of the antiserum (the greatest dilution which inhibits 
hemagglutination). 

 

Nephelometry 
Nephelometry is a technique used in immunology to determine levels of IgM, IgG, and 
IgA. 

It is performed by measuring the reduction in the intensity of the incident light after it 
passes through the sample being measured. In nephelometry the measurement is made by 
measuring the light passed through a sample at an angle. 

This technique is widely used in clinical laboratories because it is relatively easily 
automated. It is based on the principle that a dilute suspension of small particles will 
scatter light (usually a laser) passed through it rather than simply absorbing it. The 
amount of scatter is determined by collecting the light at an angle (usually about 70 or 75 
degrees). 

Antibody and the antigen are mixed in concentrations such that only small aggregates are 
formed that do not quickly settle to the bottom. The amount of light scatter is measured 
and compared to the amount of scatter from known mixtures. The amount of the 
unknown is determined from a standard curve. 
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Nephelometry can be used to detect either antigen or antibody, but it is usually run with 
antibody as the reagent and the patient antigen as the unknown. (Clinical Immunology 
and Seriology 3rd Ed., Stevens, pg 127, F.A. Davis Company) In the Immunology 
Medical Lab, two types of tests can be run: "end point nephelometry" and "kinetic (rate) 
nephelometry". 

End point nephelometry tests are run by allowing the antibody/antigen reaction to run 
through to completion (until all of the present reagent antibodies and the present patient 
sample antigens that can aggregate have done so and no more complexes can form). 
Unfortunately, the large particles will fall out of the solution and cause a false scatter 
reading, thus kinetic nephelometry was devised. 

In kinetic nephelometry, the rate of scatter is measured right after the reagent is added. 
As long as the reagent is constant the rate of change can be seen as directly related to the 
amount of antigen present. 
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Chapter  12 

Blood Transfusion 

 

 
 
 

Blood transfusion is the process of transferring blood or blood-based products from one 
person into the circulatory system of another. Blood transfusions can be life-saving in 
some situations, such as massive blood loss due to trauma, or can be used to replace 
blood lost during surgery. Blood transfusions may also be used to treat a severe anaemia 
or thrombocytopenia caused by a blood disease. People suffering from hemophilia or 
sickle-cell disease may require frequent blood transfusions. Early transfusions used 
whole blood, but modern medical practice commonly uses only components of the blood. 

History 

Early attempts 

The first historical attempt at blood transfusion was described by the 17th century 
chronicler Stefano Infessura. Infessura relates that, in 1492, as Pope Innocent VIII sank 
into a coma, the blood of three boys was infused into the dying pontiff (through the 
mouth, as the concept of circulation and methods for intravenous access did not exist at 
that time) at the suggestion of a physician. The boys were ten years old, and had been 
promised a ducat each. However, not only did the pope die, but so did the three children. 
Some authors have discredited Infessura's account, accusing him of anti-papalism. 
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World War II syringe for direct inter-human blood transfusion 

Beginning with Harvey's experiments with circulation of the blood, more sophisticated 
research into blood transfusion began in the 17th century, with successful experiments in 
transfusion between animals. However, successive attempts on humans continued to have 
fatal results. 

The first fully documented human blood transfusion was administered by Dr. Jean-
Baptiste Denys, eminent physician to King Louis XIV of France, on June 15, 1667. He 
transfused the blood of a sheep into a 15-year old boy, who survived the transfusion. 
Denys performed another transfusion into a labourer, who also survived. Both instances 
were likely due to the small amount of blood that was actually transfused into these 
people. This allowed them to withstand the allergic reaction. Denys' third patient to 
undergo a blood transfusion was Swedish Baron Bonde. He received two transfusions. 
After the second transfusion Bonde died. In the winter of 1667, Denys performed several 
transfusions on Antoine Mauroy with calf's blood, who on the third account died. Much 
controversy surrounded his death. Mauroy's wife asserted Denys was responsible for her 
husband's death; she was accused as well. Though it was later determined that Mauroy 
actually died from arsenic poisoning, Denys' experiments with animal blood provoked a 
heated controversy in France. Finally, in 1670 the procedure was banned. In time, the 
British Parliament and even the pope followed suit. Blood transfusions fell into obscurity 
for the next 150 years. 

First successful transfusion 

Richard Lower examined the effects of changes in blood volume on circulatory function 
and developed methods for cross-circulatory study in animals, obviating clotting by 
closed arteriovenous connections. His newly devised instruments eventually led to actual 
transfusion of blood. 
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"Many of his colleagues were present. Towards the end of February 1665 [when he] 
selected one dog of medium size, opened its jugular vein, and drew off blood, until ... its 
strength was nearly gone. Then, to make up for the great loss of this dog by the blood of a 
second, I introduced blood from the cervical artery of a fairly large mastiff, which had 
been fastened alongside the first, until this latter animal showed ... it was overfilled ... by 
the inflowing blood." After he "sewed up the jugular veins," the animal recovered "with 
no sign of discomfort or of displeasure." 

Lower had performed the first blood transfusion between animals. He was then 
"requested by the Honorable [Robert] Boyle ... to acquaint the Royal Society with the 
procedure for the whole experiment," which he did in December of 1665 in the Society's 
Philosophical Transactions. On 15 June 1667 Denys, then a professor in Paris, carried out 
the first transfusion between humans and claimed credit for the technique, but Lower's 
priority cannot be challenged. 

Six months later in London, Lower performed the first human transfusion in Britain, 
where he "superintended the introduction in [a patient's] arm at various times of some 
ounces of sheep's blood at a meeting of the Royal Society, and without any 
inconvenience to him." The recipient was Arthur Coga, "the subject of a harmless form of 
insanity." Sheep's blood was used because of speculation about the value of blood 
exchange between species; it had been suggested that blood from a gentle lamb might 
quiet the tempestuous spirit of an agitated person and that the shy might be made 
outgoing by blood from more sociable creatures. Lower wanted to treat Coga several 
times, but his patient refused. No more transfusions were performed. Shortly before, 
Lower had moved to London, where his growing practice soon led him to abandon 
research. 

Early successes 

The science of blood transfusion dates to the first decade of the 19th century, with the 
discovery of distinct blood types leading to the practice of mixing some blood from the 
donor and the receiver before the transfusion (an early form of cross-matching). 

In 1818, Dr. James Blundell, a British obstetrician, performed the first successful blood 
transfusion of human blood, for the treatment of postpartum hemorrhage. He used the 
patient's husband as a donor, and extracted four ounces of blood from his arm to transfuse 
into his wife. During the years 1825 and 1830, Dr. Blundell performed 10 transfusions, 
five of which were beneficial, and published his results. He also invented many 
instruments for the transfusion of blood. He made a substantial amount of money from 
this endeavour, roughly $50 million (about $2 million in 1827) real dollars (adjusted for 
inflation). 

In 1840, at St George's Hospital Medical School in London, Samuel Armstrong Lane, 
aided by Dr. Blundell, performed the first successful whole blood transfusion to treat 
hemophilia. 
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In Bram Stoker's novel "Dracula", published in 1897, various incidences of blood 
transfusion were deliberated upon. 

George Washington Crile is credited with performing the first surgery using a direct 
blood transfusion at the Cleveland Clinic. 

Early transfusions were risky and many resulted in the death of the patient. It was not 
until 1901, when the Austrian Karl Landsteiner discovered human blood groups, that 
blood transfusions became safer. Mixing blood from two incompatible individuals can 
lead to an immune response, and the destruction of red blood cells releases free 
hemoglobin into the bloodstream, which can have fatal consequences. Karl Landsteiner 
discovered that when incompatible types are mixed, the red blood cells clump, and that 
this immunological reaction occurs when the receiver of a blood transfusion has 
antibodies against the donor blood cells. His work made it possible to determine blood 
type and allowed way blood transfusions to be carried out much more safely. For this 
discovery he was awarded the Nobel Prize in Physiology and Medicine in 1930, and 
many other blood groups have been discovered since. 

Development of blood banking 

While the first transfusions had to be made directly from donor to receiver before 
coagulation, in the 1910s it was discovered that by adding anticoagulant and refrigerating 
the blood it was possible to store it for some days, thus opening the way for blood banks. 
The first non-direct transfusion was performed on March 27, 1914 by the Belgian doctor 
Albert Hustin, though this was a diluted solution of blood. The Argentine doctor Luis 
Agote used a much less diluted solution in November of the same year. Both used sodium 
citrate as an anticoagulant. The first blood transfusion using blood that had been stored 
and cooled was performed on January 1, 1916. Oswald Hope Robertson, a medical 
researcher and U.S. Army officer, is generally credited with establishing the first blood 
bank while serving in France during World War I. 

The first academic institution devoted to the science of blood transfusion was founded by 
Alexander Bogdanov in Moscow in 1925. Bogdanov was motivated, at least in part, by a 
search for eternal youth, and remarked with satisfaction on the improvement of his 
eyesight, suspension of balding, and other positive symptoms after receiving 11 
transfusions of whole blood. 

In fact, following the death of Vladimir Lenin, Bogdanov was entrusted with the study of 
Lenin's brain, with a view toward resuscitating the deceased Bolshevik leader. Bogdanov 
died in 1928 as a result of one of his experiments, when the blood of a student suffering 
from malaria and tuberculosis was given to him in a transfusion. Some scholars 
(e.g. Loren Graham) have speculated that his death may have been a suicide, while others 
attribute it to blood type incompatibility, which was not completely understood at the 
time. 
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The modern era 

Following Bogdanov's lead, the Soviet Union set up a national system of blood banks in 
the 1930s. News of the Soviet experience traveled to America, where in 1937 Bernard 
Fantus, director of therapeutics at the Cook County Hospital in Chicago, established the 
first hospital blood bank in the United States. In creating a hospital laboratory that 
preserved and stored donor blood, Fantus originated the term "blood bank". Within a few 
years, hospital and community blood banks were established across the United States. 

In the late 1930s and early 1940s, Dr. Charles R. Drew's research led to the discovery that 
blood could be separated into blood plasma and red blood cells, and that the plasma could 
be frozen separately. Blood stored in this way lasted longer and was less likely to become 
contaminated. 

Another important breakthrough came in 1939-40 when Karl Landsteiner, Alex Wiener, 
Philip Levine, and R.E. Stetson discovered the Rhesus blood group system, which was 
found to be the cause of the majority of transfusion reactions up to that time. Three years 
later, the introduction by J.F. Loutit and Patrick L. Mollison of acid-citrate-dextrose 
(ACD) solution, which reduces the volume of anticoagulant, permitted transfusions of 
greater volumes of blood and allowed longer term storage. 
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Plastic bag with erythrocyte concentrate 

Carl Walter and W.P. Murphy, Jr. introduced the plastic bag for blood collection in 1950. 
Replacing breakable glass bottles with durable plastic bags allowed for the evolution of a 
collection system capable of safe and easy preparation of multiple blood components 
from a single unit of whole blood. 

In the field of cancer surgery massive blood loss became a major problem to replace. The 
cardiac arrest rate was high. Drs. C. Paul Boyan and Willam Howland discovered that the 
temperature of the blood and the rate of infusion greatly affected survival rate and the 
blood warmer was born. (References: 1. BOYAN CP, HOWLAND WS. Cardiac arrest 
and temperature of bank blood. JAMA. 1963 Jan 5;183:58-60. 2. Rupreht J, van Lieburg 
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MJ, Lee JA, Erdman W, editors. Anaesthesia: Essays on its history. Springer-Verlag, 
Berlin, 1985, pp. 99–101.) 

Further extending the shelf life of stored blood was an anticoagulant preservative, CPDA-
1, introduced in 1979, which increased the blood supply and facilitated resource-sharing 
among blood banks. 

As of 2006, there were about 15 million units of blood products transfused per year in the 
United States. 

Precautions 

Compatibility 

The key importance of the Rh group is its role in Hemolytic disease of the fetus and 
newborn. When an Rh negative mother carries a positive fetus, she can become 
immunized against the Rh antigen. This usually is not important during that pregnancy, 
but in the following pregnancies she can develop an immune response to the Rh antigen. 
The mother's immune system can attack the baby's red cells through the placenta. Mild 
cases of HDFN can lead to disability but some severe cases are fatal. Rh-D is the most 
commonly involved red cell antigen in HDFN, but other red cell antigens can also cause 
the condition. The "positive" or "negative" in spoken blood types such as "O positive" is 
the Rh-D antigen. 

Transfusion transmitted infections 

A number of infectious diseases (such as HIV, syphilis, hepatitis B and hepatitis C, 
among others) can be passed from the donor to recipient. 

Among the diseases that can be transmitted via transfusion are: 

• HIV-1 and HIV-2 
• Human T-lymphotropic virus (HTLV-1 and HTLV-2) 
• Hepatitis C virus (responsible for >90% of post-transfusion hepatitis) 
• Hepatitis B 
• Treponema pallidum 
• Malaria 
• Chagas Disease 
• variant Creutzfeldt-Jakob Disease or "Mad Cow Disease" has been shown to be 

transmissible in blood products. No test exists for this, but various measures have 
been taken to reduce risks. 

When a person's need for a transfusion can be anticipated, as in the case of scheduled 
surgery, autologous donation can be used to protect against disease transmission and 
eliminate the problem of blood type compatibility. "Directed" donations from donors 
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known to the recipient were a common practice during the initial years of HIV. These 
kinds of donations are still common in developing countries. 

Processing of blood products prior to transfusion 

Donated blood is usually subjected to processing after it is collected, to make it suitable 
for use in specific patient populations. Examples include: 

• Component separation: red cells, plasma and platelets are separated into 
different containers and stored in appropriate conditions so that their use can be 
adapted to the patient's specific needs. Red cells work as oxygen transporters, 
plasma is used as a supplement of coagulation factors, and platelets are transfused 
when their number is very scarce or their function severely impaired. Blood 
components are usually prepared by centrifugation. 

• Leukoreduction, also known as Leukodepletion is the removal of white blood 
cells from the blood product by filtration. Leukoreduced blood is less likely to 
cause alloimmunization (development of antibodies against specific blood types), 
and less likely to cause febrile transfusion reactions.  

o Chronically transfused patients 
o Potential transplant recipients 
o Patients with previous febrile nonhemolytic transfusion reaction 
o Patients with hereditary immune deficiencies 
o Patients receiving blood transfusions from relatives in directed-donation 

programs 
o Patients receiving large doses of chemotherapy, undergoing stem cell 

transplantation, or with AIDS (controversial). 
• Tests for certain quality control issues such as disease or contamination. 
• Pathogen Reduction treatment that involves, for example, the addition of 

riboflavin with subsequent exposure to UV light has been shown to be effective in 
inactivating pathogens (viruses, bacteria, parasites and white blood cells) in blood 
products. By inactivating white blood cells in donated blood products, riboflavin 
and UV light treatment can also replace gamma-irradiation as a method to prevent 
graft-versus-host disease (TA-GVHD). 

Neonatal transfusion 

To ensure the safety of blood transfusion to pediatric patients, hospitals are taking 
additional precaution to avoid infection and prefer to use specially tested pediatric blood 
units that are guaranteed negative for Cytomegalovirus. Most guidelines recommend the 
provision of CMV-negative blood components and not simply leukoreduced components 
for newborns or low birthweight infants in whom the immune system is not fully 
developed. These specific requirements place additional restrictions on blood donors who 
can donate for neonatal use. 

Neonatal transfusions typically fall into one of two categories: 
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• "Top-up" transfusions, to replace losses due to investigational losses and 
correction of anemia. 

• Exchange (or partial exchange) transfusions are done for removal of bilirubin, 
removal of antibodies and replacement of red cells (e.g., for anemia secondary to 
thalassemias and other hemoglobinopathies). 

Pre-transfusion compatibility testing 

The terms type and screen are used for the testing that (1) determines the blood group 
(ABO compatibility) and (2) screens for alloantibodies. It takes about 45 minutes to 
complete (depending on the method used). The blood bank technologist also checks for 
special requirements of the patient (e.g. need for washed, irradiated or CMV negative 
blood) and the history of the patient to see if they have a previously identified antibody. 

A positive screen warrants an antibody panel/investigation. An antibody panel consists of 
commercially prepared group O red cell suspensions from donors that have been 
phenotyped for commonly encountered and clinically significant alloantibodies. Donor 
cells may have homozygous (e.g. K+k-), heterozygous (K+k+) expression or no 
expression of various antigens (K-k+). The phenotypes of all the donor cells being tested 
are shown in a chart. The patient's serum is tested against the various donor cells using an 
enhancement method, e.g. Gel or LISS. Based on the reactions of the patient's serum 
against the donor cells, a pattern will emerge to confirm the presence of one or more 
antibodies. Not all antibodies are clinically significant (i.e. cause transfusion reactions, 
HDN, etc.). Once the patient has developed a clinically significant antibody it is vital that 
the patient receive antigen negative phenotyped red blood cells to prevent future 
transfusion reactions. A direct antiglobulin test (DAT) is also performed as part of the 
antibody investigation. 

Once the type and screen has been completed, potential donor units will be selected based 
on compatibility with the patient's blood group, special requirements (e.g. CMV negative, 
irradiated or washed) and antigen negative (in the case of an antibody). If there is no 
antibody present or suspected, the immediate spin or CAC (computer assisted 
crossmatch) method may be used. 

In the immediate spin method, two drops of patient serum are tested against a drop of 3-
5% suspension of donor cells in a test tube and spun in a serofuge. Agglutination or 
hemolysis in the test tube is a positive reaction and the unit should not be transfused. 

If an antibody is suspected, potential donor units must first be screened for the 
corresponding antigen by phenotyping them. Antigen negative units are then tested 
against the patient plasma using an antiglobulin/indirect crossmatch technique at 37 
degrees Celsius to enhance reactivity and make the test easier to read. 

If there is no time the blood is called "uncross-matched blood". Uncross-matched blood is 
O-positive or O-negative. O-negative is usually used for children and women of 
childbearing age. It is preferable for the laboratory to obtain a pre-transfusion sample in 
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these cases so a type and screen can be performed to determine the actual blood group of 
the patient and to check for alloantibodies. 

Procedure 

Blood transfusions can be grouped into two main types depending on their source: 

• Homologous transfusions, or transfusions using the stored blood of others. These 
are often called Allogeneic instead of homologous. 

• Autologous transfusions, or transfusions using the patient's own stored blood. 

Donor units of blood must be kept refrigerated to prevent bacterial growth and to slow 
cellular metabolism. The transfusion must begin within 30 minutes after the unit has been 
taken out of controlled storage. 

Blood can only be administered intravenously. It therefore requires the insertion of a 
cannula of suitable caliber. 

Before the blood is administered, the personal details of the patient are matched with the 
blood to be transfused, to minimize risk of transfusion reactions. Clerical error is a 
significant source of transfusion reactions and attempts have been made to build 
redundancy into the matching process that takes place at the bedside. 

A unit (up to 500 ml) is typically administered over 4 hours. In patients at risk of 
congestive heart failure, many doctors administer a diuretic to prevent fluid overload, a 
condition called Transfusion Associated Circulatory Overload or TACO. Acetaminophen 
and/or an antihistamine such as diphenhydramine are sometimes given before the 
transfusion to prevent other types of transfusion reactions. 
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Blood donation 

 
 

U.S. Navy crew member donates blood. 

Blood is most commonly donated as whole blood by inserting a catheter into a vein and 
collecting it in a plastic bag (mixed with anticoagulant) via gravity. Collected blood is 
then separated into components to make the best use of it. Aside from red blood cells, 
plasma, and platelets, the resulting blood component products also include albumin 
protein, clotting factor concentrates, cryoprecipitate, fibrinogen concentrate, and 
immunoglobulins (antibodies). Red cells, plasma and platelets can also be donated 
individually via a more complex process called apheresis. 
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In developed countries, donations are usually anonymous to the recipient, but products in 
a blood bank are always individually traceable through the whole cycle of donation, 
testing, separation into components, storage, and administration to the recipient. This 
enables management and investigation of any suspected transfusion related disease 
transmission or transfusion reaction. In developing countries the donor is sometimes 
specifically recruited by or for the recipient, typically a family member, and the donation 
occurs immediately before the transfusion. 

Risks to the recipient 

There are risks associated with receiving a blood transfusion and these must be balanced 
against the benefit which is expected. The most common adverse reaction to a blood 
transfusion is a febrile non-hemolytic transfusion reaction, which consists of a fever 
which resolves on its own and causes no lasting problems or side effects. 

Hemolytic reactions include chills, headache, backache, dyspnea, cyanosis, chest pain, 
tachycardia and hypotension. 

Blood products can rarely be contaminated with bacteria; the risk of severe bacterial 
infection and sepsis is estimated, as of 2002, at about 1 in 50,000 platelet transfusions, 
and 1 in 500,000 red blood cell transfusions. 

There is a risk that a given blood transfusion will transmit a viral infection to its recipient. 
As of 2006, the risk of acquiring hepatitis B via blood transfusion in the United States is 
about 1 in 250,000 units transfused, and the risk of acquiring HIV or hepatitis C in the 
U.S. via a blood transfusion is estimated at 1 in 2,000,000 (2 million) units transfused. 
These risks were much higher in the past before the advent of second and third generation 
tests for transfusion transmitted diseases. The implementation of Nucleic Acid Testing or 
"NAT" in the early 2000s has further reduced risks, and confirmed viral infections by 
blood transfusion are extremely rare in the developed world. 

Transfusion-associated acute lung injury (TRALI) is an increasingly recognized adverse 
event associated with blood transfusion. TRALI is a syndrome of acute respiratory 
distress, often associated with fever, non-cardiogenic pulmonary edema, and 
hypotension, which may occur as often as 1 in 2000 transfusions. Symptoms can range 
from mild to life-threatening, but most patients recover fully within 96 hours, and the 
mortality rate from this condition is less than 10%. Although the cause of TRALI is not 
clear, it has been consistently associated with anti HLA antibodies. Because anti HLA 
strongly correlate with pregnancy, several transfusion organisations (Blood and Tissues 
Bank of Cantabria, Spain, National Health Service in Britain) have decided to use only 
plasma from men for transfusion. 

Other risks associated with receiving a blood transfusion include volume overload, iron 
overload (with multiple red blood cell transfusions), transfusion-associated graft-vs.-host 
disease, anaphylactic reactions (in people with IgA deficiency), and acute hemolytic 
reactions (most commonly due to the administration of mismatched blood types). 
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Concerns about whether transfusion risks are heightened by storage time have also been 
emerging, although there is not yet a consensus on the significance of blood age. 
Relatedly, questions have been raised regarding the uncertain and inconsistent efficacy of 
transfusions for certain vulnerable patient groups such as the critically ill, yet studies do 
not consistently show age to be the sole decisive factor. Estimated now at about $17 
Billion, the costs of dealing with often-unpredictable transfusion inefficacy are far greater 
than the combined costs of buying, testing/treating, and transfusing the blood. 

Scientists working at the University of Copenhagen reported in the journal Nature 
Biotechnology in April 2007 of discovering enzymes, which potentially enable blood 
from groups A, B and AB to be converted into group O. These enzymes do not affect the 
Rh group of the blood. 

Objections to blood transfusion 

Objections to blood transfusions may arise for personal, medical, or religious reasons. 
For example, Jehovah's Witnesses object to blood transfusion primarily on religious 
grounds—they believe that blood is sacred, although they have also highlighted possible 
complications associated with transfusion. 

Alternatives to blood transfusion 

Jehovah's Witnesses and others who prefer not to receive donated blood products through 
a transfusion have other options available. The field of bloodless medicine, including 
bloodless surgery makes use of several measures and techniques which can be utilized 
before, during and after surgery to increase the amount of oxygen in the blood, limit 
blood loss, and eliminate the need for a transfusion. 

Nonhuman blood transfusion 

Veterinarians also administer transfusions to other animals. Various species require 
different levels of testing to ensure a compatible match. For example, cats have 3 known 
blood types, cattle have 11, dogs have 12, pigs 16 and horses have 34. However, in many 
species (especially horses and dogs), cross matching is not required before the first 
transfusion, as antibodies against non-self cell surface antigens are not expressed 
constitutively - i.e. the animal has to be sensitized before it will mount an immune 
response against the transfused blood. 

The rare and experimental practice of inter-species blood transfusions is a form of 
xenograft. 

Blood transfusion substitutes 

As of 2009, there are no widely utilized oxygen-carrying blood substitutes for humans; 
however, there are widely available non-blood volume expanders and other blood-saving 
techniques. These are helping doctors and surgeons avoid the risks of disease 
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transmission and immune suppression, address the chronic blood donor shortage, and 
address the concerns of Jehovah's Witnesses and others who have religious objections to 
receiving transfused blood. 

A number of blood substitutes are currently in the clinical evaluation stage. Most 
attempts to find a suitable alternative to blood thus far have concentrated on cell-free 
hemoglobin solutions. Blood substitutes could make transfusions more readily available 
in emergency medicine and in pre-hospital EMS care. If successful, such a blood 
substitute could save many lives, particularly in trauma where massive blood loss results. 
Hemopure, a hemoglobin-based therapy, is approved for use in South Africa. 

 


