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Evaluation of the clinical utility of maternalalloantibody screening as a surrogate to antiglobulincrossmatch procedures in resource limited settings
Zaccheaus Awortu Jeremiah, Augustina Mordi

ABSTRACT
Aims: In resource limited settings, crossmatching procedures are usually limited to theconventional antiglobulin technique. Pretransfusion screening for red cell alloantibodiesare not carried out routinely. The study wasaimed at evaluating the usefulness of antibodyscreening as a surrogate to antiglobulincrossmatch procedure. Methods: A total 250pregnant women attending the antenatal clinicof the Braithwaite Memorial Specialist Hospital(BMSH), Port Harcourt were screened for thepresence of red cell alloantibodies usingDiaMed screening and panel cells (DiaCell andDiaPanels). Results: Alloantibodies detectedwere antiE (1.2%), antiK (0.8%), antiC (0.4%)and antiJsb (0.4%). The overall prevalence rateof red cell allo–antibodies was 4.8%. A blindcrossmatch performed using the serum of thepatients on donor's cells revealed the followingresults, incompatible 5 (2.0%) and 254 (98.0%)compatible. Taking incompatible results aspositive and compatible as negative, theperformance indices of the antibody screeningprocedure was obtained as follows: sensitivity

(41.6%), specificity (100%), PPV (100%), NPV(97.1%), efficiency (48.6%). Prevalence (4.8%)and percentage safety (41 .6%). The study didnot show the type and screen to reach theexpected safety level of 99.0%. Its usefulnesswas however shown through the detection ofunexpected antibodies in 4.8% of the subjects.Conclusions: We concluded that with a highspecificity obtained, the detection andidentification of these antibodies would helpselect blood in advance for patients undergoingsurgery in order to reduce the incidence ofhaemolytic transfusion reactions.
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INTRODUCTION
Antibody detection and identification arefundamental to the practice of immunohaematology.Antibody identification can be a guide to the clinicalsignificance of the antibody and provides informationthat aids in the selection of suitable blood fortransfusion. Prenatal immunohaematologic care of
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pregnant women requires the investigation ofunexpected RBC antibodies in their sera duringpregnancy. When RBC antibody screening is positive, itis necessary to determine specificity of the antibody, itsclinical importance and the ability to cross the placentaand cause haemolytic disease of the foetus and newborn(HDFN). In some circumstances, it can be a difficult andtime consuming process and thus cause a delay inpatient care [1].In Port Harcourt, as in other developing parts of theworld, type and screen procedure is not routinelycarried out as part of the pretransfusion test protocol,hence the incidence of maternal red cell alloantibodiesand the prevalence of these unexpected antibodies inthis locality are not known. With the high incidence rateof neonatal jaundice in Port Harcourt [2] and paucity ofinformation on this subject, it becomes necessary for astudy like this to be conducted; hence this is the firstattempt ever to provide the prevalence of unexpectedantibodies in this part of the world.This study therefore aimed to; 1) provide thefrequencies of alloantibodies among pregnant womenattending the Braithwaite Memorial Specialist Hospital,2) evaluate the clinical utility of the antibody screeningprocedure as a surrogate to antiglobulin cross matchingprocedures and, 3) determine the specificity of theantibodies identified in the sera of the pregnant women.

MATERIALS AND METHODS
Study area and population: This study wasconducted in Braithwaite Memorial Specialist Hospital(BMSH), Port Harcourt, and the capital city of RiversState of Nigeria. The study population consisted of 250pregnant women aged 16 – 45 years recruited formantenatal care clinic within the period of six months.Study Design: A prospective crosssectional designwas used in this study. Samples were collectedrandomly, after obtaining a written or oral informedconsent from the patients. Women from different ethnicgroups were randomly recruited parameters togetherwith sampling various blood.Collection and processing of samples: Fourmilliliter of whole blood was drawn with syringe (5 ml)through venepuncture using the antecubital vein. Thewhole blood was allowed to clot in the plain bottle,centrifuged at 300g for five minutes and the serumseparated into a separate plain tube with a cap. Theseparated serum was stored at – 80°C. Serologicalparameters were assessed using the achived sample. Allblood samples were collected at the Antenatal unit ofthe Braithwaite Memorial Specialist Hospital, PortHarcourt.Determination of ABO and Rhesus blood groups:ABO blood grouping was done using antiA, antiB, andantiAB bought from Biotec (Ipswich, UK) withstandard tube agglutination technique. All blood grouptests were confirmed with known test RBCs. Negativecontrols were included in all tests. ABO blood group

tests were performed only at room temperature. Reversegrouping cells were also supplied by Biotec.Rhesus grouping was done using antiD monoclonalreagent bought from Biotec. Rhesus controls weresupplied in all tests. Tests were done in tubes and allnegative results were confirmed using indirectagglutination test technique with 20% bovine albuminand antihuman globulin (AHG) tests at 37°C. Afterspinning for 20 sec at 100 rpm, the RBC was gentlyresuspended and immediately observed macroscopicallyand confirmed microscopically before recording theresult as positive or negative.Antibody screening and Identification:Antibody screening panel (3 cells) and identificationpanel (11 cells) from DiaMed (Switzerland) was used toscreen and identify alloantibodies by tube method inlow ionic strength solution, albumin and AHG phaseaccording to the manufacturer’s instructions.Antiglobulin crossmatch: Antiglobulincrossmatch using Indirect Antiglobulin Test procedurewas carried out on the patients’ serum with pooleddonors’ red cells as described by Morgan [3] by adifferent Medical Laboratory Scientists who wasignorant of the antibody screening results.Compatibility testing: A negative reactionindicates compatibility of the donor blood with therecipient.A positive reaction indicates incompatibility of thedonor blood with the recipient, due to the presence ofantibodies directed against antigens on the donor redcells. Further investigation to identify the antibodyspecificity should be performed.Statistics: Results were analyzed using the SPSSversion 16 for windows (Chicago, IL) Frequency tablewas used to determine the prevalence of alloantibodiesamong the pregnant women. Performance indices suchas sensitivity, specificity, positive predictive value,negative predictive value, efficiency, prevalence andsafety level were calculated using standard formulae.

RESULTS
A total of two hundred and fifty (250) pregnantwomen attending the Braithwaite Memorial SpecialistHospital (BMSH) were screened for the presence ofirregular antibodies.The demographic characteristics of the pregnantwomen are shown in table 1. Majority of the studypopulation were in the 26 – 30 years age group (43.9%)and in their second semester (60.4%). Those of the Iboethnic group dominated the study population (28.0%)followed by those of Ikwerre (23.8%) and Ijaw (18.4%).Distribution of ABO and Rh blood groups among the250 pregnant women revealed that prevalence of groupO was 48.0%, A  41.2%, B  7.6%, and AB was 3.2%.Rhesus D (Rh D) positive accounted for 91.4%, whereasRh D negative was 8.6% (table 2). Table 3 shows thespecificity of the antibody detected in the studypopulation. The most frequently occurring irregular
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antibody detected was antiE in 3 (1.2%) patientsfollowed by antiK in 2 (0.8%) patients, then antiC andantiJsb (0.4% respectively). Three of the samples hadmixed field reactions while two could not be identifiedusing the panel cell. A total of 238 (95.2%) samples gavenegative antibody screen.The antiglobulin crossmatch was performed on allsamples and five (2.0%) were found to be incompatible.A total of 245 (98.0%) were compatible as shown intable 4. Table 5 shows the clinical utility of antibodyscreening as a surrogate to antiglobulin crossmatch.Using performance indices and taking incompatibleresults as positive, the sensitivity of antibody screeningmethod was found to be 41.6% while specificity was100%. The positive predictive value (PPV) was 100%while negative predictive value (NPV) was 97.1%.Efficiency was 48.6% while the percentage safety of the

Table 1: Demographic characteristics of the pregnant women.
Characteristics Number Percentage (%)

Age group (yrs.)
16–20 4 16
21–25 30 12.0
26 – 30 112 43.9
31–35 70 27.5
36 –40 25 9.8
41–45 9 3.5
Total 250 100.00
Trimesters
First 23 9.0
Second 151 60.4
Third 76 29.8
Parity
1 71 27.8
2 76 29.8
3 33 12.9
4 17 6.7
>4 3 1.2
0 50 20.0
Ethnic group
Ijaw 47 18.4
Ogoni 19 7.5
Ekpeye 12 4.7
Ikwerre 58 23.8
Ibo 70 28.0
Yoruba 10 3.9

Table 2: Distribution of ABO and Rhesus blood groups amongthe 250 pregnant women.
O A B AB Total

Rh+ 109 94 18 8 229
Rh+% 43.6 37.4 7.2 3.2 91.4
Rh− 11 9 1 0 21
Rh−% 3.3 3.8 0.4 0 8.6
Total 120 103 19 8 250
Total% 48.0 41.2 7.6 3.2 100

Table 3: Specificity of the antibody detected in the studypopulation.
Number Percentage (%)

AntiC 1 0.4
AntiE 3 1.2
AntiJsb 1 0.4
AntiK 2 0.8
Mixed field 3 1.2
Unidentified 1 0.8
Negative 238 95.2
Total 250 100.00

Antibodies detected

antibody screening method was 41.6%. The overallprevalence of irregular antibodies was 4.8%.

DISCUSSION
Irregular RBC antibodies found in the sera ofpregnant women have been studied in many parts of theworld where prenatal immunohaematologic care isgiven due priority. In this study, the frequency ofirregular antibodies in maternal serum was 4.8%. Thisappears high when compared with values fromdeveloped countries like Sweden (0.5%), Netherlands(2.7%), and lower when compared with values fromdeveloping countries where higher frequency values of10.2% in Mexico, and 20% anti D were reported [36].The most frequent and potentially significant nonanti–D antibody in our study was antiE (1.2%) followedby antiK (0.8%) then antiC (0.4%) and antiJsb(0.4%). Bowel found an incidence of 14% in D+pregnant women which was found to be most frequentin his study contrary to the results in this study whereantiE is most frequent [7]. AntiE can be a naturallyoccurring IgM antibody, however IgG antiE can befound in the sera of pregnant women with a history ofprevious transfusions and pregnancies. This immuneform of antiE is able to cause a mild to moderate HDN[8]. HDN caused by antiC is usually mild as the Cantigen has weak immunogenicity [711].
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AntiK was seen in this study with a frequency of0.8%. The frequency of K antigen in this locality is notyet known but it is known that after the D antigen, the Kantigen is the most immunogenic. HDN caused by antiK can be severe [9]. There is evidence that antiK canrecognize K antigens expressed in the early stage oferythroid development in the fetal liver and can causeanemia by suppressing erythropoiesis [1214]. Jsb hasbeen reported to be common among people of Africanjessant. AntiJsb was the least frequent of all the fourspecific cities and has been known to be weaklyimmunogenic. AntiD was not seen in this study incontrast to 20% antiD found among pregnant womenin Saudi Arabia [4]. Jeremiah and Buseri [15] reportedRhesus antigen and phenotype frequencies in PortHarcourt as follows. D neg (5.0%), C neg (82.3%), C neg(0.2%), E negative (79.5%) and e neg (1.3%). It istherefore expected that antiC and antiE will occurmore frequently in this locality while antiD will be lesscommon. This probably may explain why antiD was notencountered in this investigation. Contrastingly, thefrequency of Dnegative has been reported to beapproximately 15 percent among Caucasians and 2030% in Middle East and some West African countries. Itis not surprising that variable frequencies of unexpected

antibodies were obtained in different region of theglobe. However, a more detailed population study withlarger sample size may need to be earned out using moresensitive methods to arrive at a more accurate figure.Maternal serum is screened to make sure pregnantmother has no antibodies to react with fetal cells.Haemolytic disease of the foetus and newborn is causedby the mother's IgG antibodies crossing the placenta andattaching to the baby's red blood cells. It is thereforenecessary to know as early as possible in the pregnancywhether HDN can be a possibility.Determining the specificity of an unexpectedalloantibody is important in prenatal testing. If theantibody specificity is known, it is possible to test donorblood for the presence of the corresponding antigen. Inprenatal testing, knowledge of the specificity of theantibody helps predict the likelihood of the haemolyticdisease of the newborn.In most settings, antibody screening is done as partof pretransfusion tests but the question as to its use as asurrogate to crossmatching procedure in emergencysituation still remain not clear. In this study, a full blindcrossmatch was performed in order to assess the safetylevel of antibody screening procedures as a surrogate tocrossmatch. This study did not show the antibodyscreening procedure to reach the expected safety level of99%. The safety was low (41.6%) but with a highspecificity of 100%, it can be used to select blood inadvance for patients undergoing surgery in order toreduce the incidence of haemolytic transfusion reaction.Apart from having a low safety level of 41.6%, it hasearlier been reported that the “type and screen”porocedure has the weakness that antibodies to rarenonpolymorphic antigens will not be detected(approximately 0.06% of cases), but the antibodiesmissed are rarely of clinical importance [16,17].Many of the red blood cell (RBC) alloantibodies ofthe Rhesus system have been associated with HDFN;however, the severity of the disease is usually thegreatest with antiD [18]. Prevention of RhD HDFNbecame feasible in the late 1960s after pioneeringresearch by Finn Clarks and Freda; there was a dramaticdecline in Rh HDFN [19, 20]. Since then other Rh andnonRh red cell alloantibodies have become relativelymore important and are now responsible for the greaterproportion of the HDFN cases. Antic and antiE are themost common implicated nonD Rh antibodies in thepathogenesis of HDFN [21]. In this study, antiE wasfound to be most frequently and this supports the earlierreport to a large extent. Another study assessed theoutcomes of antiE in pregnancy and they concludedthat a substantial proportion of infants are sufficientlyaffected by antiE and suffer from clinically significantHDFN. In that study, 21% of the affected infantsrequired exchange transfusion and 10% had severe orvery severe disease and they concluded that antiE titresand poor predictor of HDFN severity. Another studyalso showed that antiE was a caused of moderatelysevere HDFN [7].Most (95.2%) of the pregnant women whoparticipated in this study showed no antibodies i.e. they

Positive AB screen includes identified, mixed field and unidentifiedreactionTP = True positive, FP = False positiveFN = False Negative, TN = True negativePPV = Positive predictive value,NPV = Negative predictive valueIncompatible results = positive resultsCompatible results = negative resultsSensitivity = TP/TP + FN = 5/12 x 100 = 41.6%Specificity = TN/TN + FP = 238/238 x 100 = 100%PPV = TP/TP + FP = 5/5 x 100 = 100%NPV = TN/FN+TN= 238/245x100 = 97.1%Efficiency = TP+TN/TP+FP+FN+TN x 100 = 238/245 x 100= 48.6%Prevalence 12 /250 x 100 = 4.8%Taking incompatible Crossmatch as 100%Number of incompatible crossmatch = 100%Number of incompatible crossmatch with an antibody detected 5/12 x100% = 41.6% Percentage safety = 41.6% (safety range 99–99.9%)

Table 4: Blind compatibility test results using the screenedsera of patients (anti globulin cross match).
Crossmatch results Number Percentage (%)
Compatible 245 98.0
Incompatible 5 2.0

Table 5: Clinical utility of antibody screening as a surrogate toantiglobulin cross match.
AntiglobulinCrossmatch Positive Negative Total

Incompatible (+) TP (5) FP (0) 5
Compatible (–) FN (7) TN (238) 245
Total 12 238 250
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were nonimmunized. Most of the immunized women(n = 12, 4.8%) developed alloantibodies of the nonDRhesus and Kell blood groups.The study shows that immunization due toantibodies belonging to the Rhesus system is 1.6% (i.e.non–D Rhesus antibodies) of all examined PortHarcourt pregnant women. Anti D antibodies were notencountered in this study. It is possible the use ofrhesus immunoglobulin antiD to prevent sensitizationdue to antiD could have led to the decrease in theincidence of antiD antibodies. Besides the percentageof Dnegative women in our locality is quite small whencompared with Enegative and Cnegative (15).AntiC was found in 0.4% of the immunized patients.Baker et al., [22] reported one case on a group A Rhpositive, C negative woman in whom antiC wasdeveloped as a result of blood transfusion in childhood.In summary, the number of antibodies againstantigen of the rhesus system formed the highestpercentage (1.6%) of the alloantibodies detected. TheKell system antibodies were found only in 1.2% of thetotal antibodies detected (antiK and antiJsb).
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