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Introduction

Pre-transfusion testing mainly includes 
ABO and Rh typing, screening for unexpected 
antibodies and crossmatching between patients 
and donor units (1). ABO and Rh typing involve 
the forward and reverse typing of ABO and Rh 
antigens in both the donor and the recipient. 
Crossmatching checks the compatibility between 
the donor blood component and the recipient. 

The crossmatch procedure usually takes about 
45 min (2). 

In 1984, the American Association of Blood 
Banks recommended abbreviated crossmatching 
as a replacement for full crossmatching in 
patients with negative antibody screens (3). 
The possibilities of a clinically significant red 
cell antibody being undetected in a patient with 
negative antibody screens are 1–4/10,000 (4–6). 
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Abstract
Background: ABO grouping, Rh typing and crossmatching are routinely done as part of 

pre-transfusion testing. The Type and Screen (T&S) protocol has been used in developed countries 
to ensure the survival of transfused red cells. In this study, we compared the safety, costs and 
turnaround times (TATs) of the T&S protocol and the conventional pre-transfusion testing protocol 
for patients who had been scheduled for elective obstetrical or gynaecological procedures.

Methods: This observational study was conducted in three phases at the Department of 
Transfusion Medicine, Jubilee Mission Medical College and Research Institute, Kerala, India and 
involved 1,800 patients from the Department of Obstetrics and Gynaecology, Jubilee Mission 
Medical College & Research Institute, Kerala, India over the course of 2 years. Phase I involved 
the traditional pre-transfusion testing and crossmatching of 150 patients. Phase II involved the 
use of the T&S protocol on 150 patients. Phase III involved the use of both the traditional and T&S 
protocols on 1,500 patients without considering the results of each protocol. The safety, costs and 
TATs of both protocols were compared.

Results: In this study, the T&S protocol provided a safety 100% level when compared to 
the traditional protocol. The T&S protocol detected unexpected antibodies in 0.4% of cases, which 
would have gone unnoticed otherwise, demonstrating its usefulness. There was no significant 
difference in cost between the traditional crossmatching and T&S protocols. We discovered that 
using only the T&S protocol can save technologists 30% of their time.

Conclusion: Implementing the T&S protocol as a pre-transfusion testing procedure can 
help improve hospital transfusion practices by supplying blood quickly and safely. Coombs cross-
matching remains more of a tradition than a necessity.
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In phase I, Coombs crossmatching was used 
to test the compatibility of 150 participants from 
the Department of Obstetrics and Gynaecology 
for elective surgical procedures. 

In phase II, the T&S protocol was used to 
test the compatibility of 150 participants from 
the same department. 

In phase III, the T&S protocol was 
performed on 1,500 participants from the 
Department of Obstetrics and Gynaecology, 
followed by Coombs crossmatching of the 
respective donor units without considering the 
result of each protocol to determine the safety of 
both protocols.

The cost and turnaround time (TAT) of both 
protocols from phases I and II were compared. 
The safety of both protocols from phase III was 
compared and analysed.

Inclusion criteria: Patients who were 
scheduled for elective surgical procedures under 
the Department of Obstetrics and Gynaecology 
and for whom a request for crossmatching was 
received.

Exclusion criteria: Patients who required 
a massive transfusion protocol and emergency 
surgical cases were excluded from the study.

Sample type: Ethylenediaminetetraacetic 
acid (EDTA) tubes were used for blood grouping, 
cross matching, antibody screening and antibody 
identification.

Methodology

Crossmatching, antibody screening and 
antibody identification were conducted using 
column agglutination technology (CAT) and 
antihuman globulin cassettes (anti-IgG) from 
Ortho Clinical Diagnostics. The low-ionic-
strength saline-indirect antiglobulin test 
technique was performed. Incubation and 
centrifugation tests were conducted using a 
semi-automated platform from Ortho Clinical 
Diagnostics. All the patients in phases II and 
III were screened for red cell antibodies using 
three cell panels (SURGISCREEN 1, 2 and 3) 
from Ortho Clinical Diagnostics. Patients who 
had positive antibody screens were subjected to 
antibody identification using 11 cells (RESOLVE 
panel A). The donors were subjected to antibody 
screening using single O pooled cells. All the tests 
were performed according to the departmental 
standard operating procedure.

These recommendations led to the development 
of the Type and Screen (T&S) protocol (7, 8).

The primary objective of this study was 
to compare the safety of the T&S protocol and 
Coombs crossmatching for compatibility testing 
in our tertiary care centre. The T&S protocol, 
rather than crossmatching, has been adopted 
solely for transfusion practices by many hospitals 
in developed countries. This protocol has proven 
to be effective without compromising patient 
safety (9). It also allows for the optimal use of 
donor blood because it is neither withheld from 
inventories (by being crossmatched) nor reserved 
for patients who may not actually require it, 
which enhances inventory management (10).

It appears that physicians frequently 
order more units of crossmatched blood than 
is required and that this practice is based on 
habit (11, 12). The ensuing crossmatching 
is unnecessary, costly and wasteful. The 
crossmatched blood is reserved for the patient 
for 72 h, endangering the blood stock required 
for emergency use. This reservation also results 
in the outdating of units. However, under the 
T&S protocol, the blood is not reserved and is 
made readily available on request (13).

Comparing the T&S protocol with Coombs 
crossmatching will help to determine which of 
the two procedures can be abbreviated while 
maintaining patient safety, which will improve 
hospital transfusion practices. This study was 
conducted because of the limited literature on 
the safety of these two pre-transfusion testing 
procedures among the South Indian population. 
This comparative study is of clinical relevance in 
any tertiary care centre because of its potential 
effects on improving inventory management and 
resource utilisation.

Methods

This observational study was conducted 
at the Department of Immunohematology and 
Transfusion Medicine, Jubilee Mission Medical 
College and Research Institute, a tertiary health 
care centre in Kerala, for 2 years. The study 
protocol was approved by the Institutional Ethics 
Committee. This study was implemented for the 
pre-transfusion testing requests received from 
the Department of Obstetrics and Gynaecology 
for elective surgical procedures that were 
undertaken during the time frame. The study was 
conducted in three phases. 
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Cost and TAT 

Cost and TAT of both the protocols of pre-
transfusion testing were compared in Phases 
I & II. There was no significant difference in 
cost between the Coombs crossmatch  and 
T&S protocol (Table 3). It was found that 
there was a significant difference in the TAT 
when T&S protocol was implemented. The 
mean turnaround time with T&S protocol was 
23.8 min compared to the 33 min in the Coombs 
crossmatch method (Table 4). Thirty percent of 
the technologist’s time could be saved using the 
T&S protocol. 

Discussion

Pre-transfusion compatibility testing is a 
set of procedures and processes to ensure that 
the selected donor red cells for the recipient will 
have an acceptable survival when transfused 
and not lead to clinically significant destruction 
of those transfused red cells (14, 15). Red blood 
cell (RBC) alloimmunisation and development 
of alloantibodies is one of the common risks 
associated with RBC transfusion (16–19). The 
rate of alloimmunisation in our study was 0.4%. 
The study population constituted patients from 
the department of Obstetrics and Gynaecology. 
The most common antibody encountered was 
anti-D (33.3%; 2/6) followed by anti-M (16.6%; 
1/6), anti-c (16.6%; 1/6), anti-E (16.6%; 1/6) 
and anti-Lea (16.6%; 1/6). Prevalence of blood 

Statistical Analysis

Categorical and quantitative variables data 
were expressed as frequency (percentage) and 
mean ± SD, respectively. Comparison of means 
of quantitative variable between the groups was 
analysed by using independent t-test. Diagnostic 
statistics such as sensitivity, specificity, positive 
predictive value, negative predictive value and 
accuracy have been calculated to assess the safety 
of T&S protocol when compared to Coombs 
crossmatch. For all statistical interpretations, 
P < 0.05 value was accepted as being significant. 
Statistical analysis was performed with statistical 
software package SPSS, version 21.0.

Results

A total of 1,800 patient samples for 
crossmatch from the department of Obstetrics 
and Gynaecology were enrolled in the study 
during the 2-year time frame. The mean age of 
the study population was 41.9 ± 10.2 years old. 
The mean haemoglobin of the study population 
was 11.8 ± 1.1 g/dL. 

Safety

The safety of T&S protocol versus Coombs 
crossmatch was analysed for 1,500 patient 
samples received for crossmatch from the 
department of Obstetrics and Gynaecology. T&S 
protocol and Coombs crossmatch were done 
independently on the samples without knowing 
the result of each other. From the 1,500 samples 
of Phase III, antibody screening was positive in 
six cases. The rate of alloimmunisation in our 
study was 0.4% (6/1,500). 

Out of the 1,494 T&S negative samples, no 
sample turned Coombs crossmatch incompatible 
(Table 1). The study demonstrated safety of  
T&S method to be 100% (Table 2). It was found 
to be equally safe.

Table 1.  Comparison of T & S protocol with Coombs crossmatch 

T & S
Coombs crossmatch (XM)

Incompatible Compatible Total

Positive 2 4 6

Negative 0 1,494 1,494

Total 2 1,498 1,500

Table 2.	 Safety parameters of T&S protocol at the 
tertiary care centre

Parameter %

Sensitivity 100.0

Specificity 99.7

Positive Predictive value 33.3

Negative Predictive value 100.0

Accuracy 99.7
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Coombs crossmatch was incompatible. However, 
the study could not establish the specificity 
of the alloantibody. This may be due to a rare 
antibody in the patient sera against which the 
corresponding antigen was not present on the 
reagent red cell. 

When Coombs crossmatch was practiced 
in the hospital, blood units were reserved for a 
designated patient for 72 h. If the reserved units 
had been depleted or exceeded the reservation 
date, repeat blood sampling and crossmatching 
would have been required if additional units 
were needed. A repeat crossmatch required at 
least another 1 h. The blood stock needed for 
emergency use was jeopardised as the units 
are being tied up in the reserve. But under T&S 
protocol, blood units were no longer reserved 
for a patient if the results from antibody screen 
were negative (23). Instead, a validity period is 
given to an individual for its negative antibody 
screen status, so that within that time as many 
units as possible can be issued after performing 
an abbreviated crossmatch depending on the 
amount of serum available. For patients who 
have received a transfusion or who have been 
pregnant within the preceding 3 months of 
transfusion or whose history is unknown, the 
validity period given is 3 days, since antibodies 
can develop within that time (24). Thus, for three 
consecutive days, no additional blood sampling 
is performed, even if repeated transfusions are 
required. Compatible units can be made available 
in less than 10 min following an immediate spin 
crossmatch. Thus, compatible units can be made 
available within 10 min following T&S protocol. 
Patients who require a massive transfusion will 
benefit most from it because as many additional 
compatible units as required can be issued 
quickly without the need for taking a new blood 
sample for repeat crossmatching. 

group antigens in Indian donor population 
by Makroo et al. (20) reported D (93.6%), 
C  (87.0%), c (58.0%), E (20.0%), e (98%), 
K  (3.5%), k (99.97%), Fya (87.4%), Fyb (57.6%),  
Jka (81.5%), Jkb (67.4%), M (88.7%), N (65.4%), 
S (54.8%) and s (88.7%).The chances of clinically 
significant antibody being missed in a patient 
with negative antibody screen are 1–4/10,000. 
In current study, antibody screening cells 
(Surgiscreen I, II and III) picked up all the 
clinically significant antibodies. The usefulness 
of the T&S was shown through detection of 
unexpected antibodies in 0.4% (4 out of 1,500) of 
cases, which would have been missed otherwise 
with conventional Coombs crossmatch. The 
study demonstrated that T&S method achieves 
safety level of 100%. Agrawal et al. (21) had 
reported 100% concordance between antibody 
screen and Coombs crossmatch in 45,373 
patients. A prospective study done by Heddle 
et al. (22) concluded that the antiglobulin phase 
of the crossmatch can be omitted from pre-
transfusion testing without putting patients at 
risk. Comparing the turnaround time of both the 
pre-transfusion testings, it was found that T&S 
protocol had a better turnaround time saving 
approximately 30% of the technologist’s time. 
The costs of both the protocols were compared 
and it was found that there is no significant 
difference. The costs of both the protocols were 
comparable. In a study done by Masouredis (10) 
it was stated that the estimated savings from 
eliminating the antihuman globulin (AHG) phase 
of a crossmatch is approximately $1.00 in cost 
and 30% in technologist’s time. Although T&S is 
a safer alternative to Coombs crossmatch, there 
are data showing that antibody screen negative 
cases turned crossmatch incompatible. In a study 
done by Chaudhary et al. (9), one sample (1 in 
12 cases) gave antibody screen negative while 

Table 3.  Comparison of cost (in Rupees) based on method

Method Mean SD N t P-value

XM 190.7 35.4 150 0.75 0.452

T & S 193.3 25 150

Table 4.  Comparison of turnaround time (in minutes) based on method

Method Mean SD N t P-value

XM 33 2.1 150

45.65** 0.01T&S 23.8 1.3 150

Note:**Significant at 0.01 level
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