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Abstract

Background/Objectives: Understanding blood group antigen distribution is essential for
transfusion safety and preventing alloimmunization in transfused patients. The ABO,
RH1, and Kell blood group systems are among the most clinically significant due to
their high immunogenic potential and their role in hemolytic transfusion reactions and
hemolytic disease of the newborn. Despite their clinical significance, data on the phenotypic
frequency of these samples in southern Chile are limited. This study aimed to identify
the distribution of ABO, RH1, and Kell blood group systems among blood donors at the
Centro de Sangre Concepcién, adding regional data to the national transfusion medicine
records. Methods: A retrospective, descriptive analysis was conducted using data from
59,318 blood donations collected in 2024 by the Concepcién Blood Center, part of the
Southern Transfusion Medicine Macronetwork in Chile. Blood typing for the ABO, RH1,
and Kell antigen (KEL1) typing was performed in accordance with national regulations
established by the Ministry of Health (MINSAL). Results: Blood group O was the most
frequent (61.3%), followed by A (27.8%), B (9.0%), and AB (1.9%). RH1 positivity was
observed in 94.47% of donors, and Kell positivity in 4.24%. The distribution of Kell
phenotypes was comparable between men (4.38%) and women (4.11%), with the highest
frequency in donors aged 27-52 years. Conclusions: The phenotypic distribution observed
reflects national patterns and shows the genetic makeup of southern Chile. The low but
important prevalence of Kell-positive donors emphasizes the need for systematic Kell
antigen screening to prevent alloimmunization and improve transfusion safety.

Keywords: ABO blood group; RH1 antigen; Kell antigen; blood donors; alloimmunization;
Chile

1. Introduction

Blood transfusion persists as one of the most vital interventions in contemporary
medicine; however, its safety is significantly dependent on a precise understanding of
the antigenic landscape of erythrocytes. Exposure to foreign erythrocyte antigens may
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provoke alloimmune responses, whereby the recipient’s immune system generates anti-
bodies against epitopes that are not present in their own cells [1]. Among the extensive
array of blood group antigens, ABO, RH1, and Kell (KEL1) are acknowledged for their
substantial immunogenic potential and their participation in severe hemolytic transfusion
reactions [2-4]. Mapping the phenotypic distribution of these important antigens in specific
populations is crucial for transfusion planning. It helps identify potential compatibility
issues and reduces the risk of immune-mediated complications [5].

Blood consists of a liquid part called plasma and cellular components: erythrocytes and
leukocytes, which are both cells, as well as cell fragments known as platelets. Erythrocytes
have membranes containing lipids, carbohydrates, and proteins. Several of these membrane
molecules serve as surface antigens, such as the RH1 antigen, Kell antigen (KEL1), and the
ABO group [6]. The blood groups with the greatest influence on transfusion medicine are
ABO, RH1, and Kell antigen (KEL1) due to their high immunogenicity and potential to
cause severe hemolytic reactions [6-8].

Transfusions may result in alloimmunization, a process whereby the recipient’s immune
system recognizes foreign antigens on transfused red blood cells and generates specific anti-
bodies against them [1]. This phenomenon is particularly significant for highly immunogenic
antigens such as those of the RH1 and Kell (KEL1), as it may complicate future transfu-
sions by diminishing the availability of compatible blood and elevating the risk of delayed
hemolytic reactions [9,10]. In clinical practice, alloimmunization may occur following repeated
transfusions, organ transplants, or inadvertent exposure to incompatible blood [1,11]. Thus,
identifying the antigenic frequency within a population helps to inform transfusion strategies
aimed at minimizing the risk of alloimmunization and allows for the selection of highly
compatible red blood cell units, particularly for patients who are already alloimmunized.

In this context, the goal of this research is to conduct a comprehensive analysis of
the phenotypic frequency of the ABO, RH1 and especially Kell blood antigens in blood
donations collected by blood banks in southern Chile. Using a detailed approach, we aim
to gain a better understanding of the distribution of less-studied antigens like the Kell
system within the population, exploring potential regional or demographic variations. This
study adds to the field of hematology by providing accurate data that could be crucial for
optimizing blood transfusion processes and enhancing the quality of medical care.

2. Materials and Methods
2.1. Data Availability

The data supporting the findings of this study are available from the Centro de Sangre
Concepcion but restrictions apply to their access, as they were used under license for this
study and are not publicly available. In Chile, blood typing and compatibility testing at
donation centers are regulated by national rules issued by the Ministry of Health (MINSAL)
through Norma General Técnica No 31 on Blood Banks and Transfusion Services (2016).
These guidelines mandate serological testing for the ABO and RH1 antigens in all donors, in
addition to screening for the K antigen (KEL1) due to its high immunogenicity and clinical
significance in hemolytic disease of the newborn and transfusion reactions [12]. Other
extended antigen determinations, such as RHCE antigen phenotyping (RH4, RH3, RHS5,
RH?2) or weak D testing, are recommended solely for specific clinical circumstances, such
as pregnant women, patients with a history of alloimmunization, or complex transfusion
backgrounds, and are not routinely necessary for donor screening [12]. This regulatory
framework describes the selection of the antigenic samples analyzed in this study and
ensures comparability with national transfusion practices.
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2.2. Sample Selection and Instrument

Samples from blood banks located in southern Chile, which make up the Southern
Macronetwork of Transfusional Medicine, covering various regions to ensure broad rep-
resentation, were selected. These included health services in Maule, Nuble, Concepcién,
Talcahuano, Biobio, Arauco, and Araucania Norte. All blood donations recorded at the
Centro de Sangre Concepcioén in 2024 were included in this study. This dataset covers the
entire year’s donations. To prevent multiple entries from the same donor, all repeated
donations were consolidated so that only one donation per person was analyzed. This
method ensured an unbiased and accurate estimation of phenotypic frequencies, providing
a true representation of blood group antigen distribution in the regional donor population.

2.3. Study Design and Samples

Blood samples were obtained and processed in accordance with the regulations es-
tablished by the Chilean Health Authority. All procedures adhered to current national
standards for blood donor screening, handling, and laboratory analysis. Samples were
collected at the Concepcién Blood Center as part of routine donor phenotyping workflows.

2.4. ABO and RH Phenotyping

Phenotyping of ABO and RH antigens was performed using a standard plate hemag-
glutination technique. The following monoclonal reagents (Immucor, Immucor-Werfen,
Barcelona, Spain) were used: immuClone Anti-A IgM (Code 66001), immuClone Anti-B
IgM (Code 66002), immuClone Anti-AB IgM (Code 66003), immuClone Anti-D Rapid IgM
(Code 66008), Novaclone Anti-D IgM + IgG Monoclonal Blend (Code 66036), and immu-
Clone Rh-Hr Control (Code 66006). In addition, Referencells-2 (Group A1l and B; Code 2345,
Immucor) were used as reference red cells for reverse typing. All procedures were carried
out strictly following the manufacturer’s instructions provided by Immucor-Werfen.

2.5. Kell (KEL1) Phenotyping

Phenotyping of the Kell blood group antigen KEL1 was conducted using the same
plate hemagglutination technique. The following reagents were used: immuClone Anti-
Kell IgM (Code 66020, Immucor) and immuClone Rh-Hr Control (Code 66006, Immucor).
The assay was performed strictly in accordance with the manufacturer’s recommendations
provided by Immucor-Werfen.

2.6. Statistical Analysis

We conducted a descriptive analysis to characterize donors and to summarize phe-
notypic frequencies of the ABO, RH1, and Kell (KEL1). Categorical variables (sex, ABO
group, RH1 status, Kell status, and combined phenotypes) were reported as counts and
percentages relative to the total sample. No hypothesis testing or multivariable modeling
was performed, as the study aimed to estimate distributions rather than compare groups.
All computations and tabulations were performed in R (v4.3.1) and Microsoft Excel.

3. Results
3.1. Sample Characteristics

A total of 59,318 blood samples from donors delivered to the Centro de Sangre Con-
cepcion during 2024 were analyzed. Based on the data collected, it was determined that the

same number of donors was received during this period. The distribution of the studied
population by sex is shown in Figure 1.



Hemato 2025, 6, 44

40f12

Figure 1. Distribution by sex of the total blood donations analyzed by the Centro de Sangre Concep-
cién during the year 2024. Created in BioRender. Alarcén, S. (2025) (Accessed on 25 June 2025).

3.2. Antigen Prevalence by Blood Group System

Subsequently, the prevalence of ABO, RH1 and Kell blood groups was studied in
the universe of samples collected by the Centro de Sangre Concepcién during the period
described above. Based on the information provided about ABO blood types, the data
analysis showed that a high percentage of the collected samples belong to blood type O,
while the blood type with the lowest frequency among the samples was type AB. All details
regarding the total number of samples received in 2024 are described in Table 1.

Table 1. Summary of phenotypic frequencies of ABO, RH1, and Kell blood group systems from
southern Chile.

Phenotype/ N

System Antigen n (Cases) %o
ABO A 16,506 27.83
B 5352 1.85
AB 1099 9.02
@) 36,361 61.3
RH1 Positive 56,037 94.47
Negative 3281 5.53
Kell Positive 2515 424
Negative 56,803 95.76

The information presented in Table 1 summarizes the overall distribution of pheno-
typic frequencies for the three major blood group systems—ABO, RH1, and Kell—in a
cohort of 59,318 blood donors from southern Chile. As expected, group O was the most
common (61.3%), followed by groups A (27.83%), B (9.02%), and AB (1.85%), reaffirming the
well-described predominance of blood group O in Latin American populations. Regarding
the RH1 system, 94.47% of donors were RH1-positive, while only 5.53% were RH1-negative.
For the Kell system, the Kell-negative phenotype was highly prevalent (95.76%), whereas
4.24% of donors expressed the KEL1 antigen. Together, these findings underscore the
predominance of O and RH1-positive phenotypes and highlight the low but clinically
significant frequency of the KEL1 antigen—information that is essential for transfusion
planning and for reducing the risk of alloimmunization in regional blood banks.

3.3. Combined Antigen Group Frequencies

Subsequently, a combined evaluation of the blood group antigens in this article was
performed. Analyzing phenotypic combinations like ABO, RH1, and Kell is crucial for pre-
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dicting incompatibilities, optimizing blood unit allocation, and guiding donor recruitment.
This study maps their distribution among donors, revealing common and rare phenotypes.
These insights enhance understanding of antigen diversity and its impact on transfusion
safety. First, the association between the ABO/Rh samples in the collected samples was
evaluated. The relationship between these samples is shown in Table 2.

Table 2. Distribution of RH1 phenotype within ABO blood groups.

Phenotype n % of Total
O RH1+ 34,323 57.84
ORHI- 2038 3.44
A RHI1+ 15,609 26.32
A RH1- 897 1.51
B RH1+ 5063 8.53
BRH1- 289 0.49

AB RH1+ 1042 1.76

ABRH1- 57 0.10

Total 59,318 100

The information in Table 2 summarizes the combined distribution of the ABO and
RH1 antigens, expressed as the eight possible phenotype combinations calculated relative
to the total number of donors (n = 59,318). The results show that the O RH1+ phenotype
was the most frequent, accounting for 57.8% of the total population, followed by A RH1+
(26.3%), B RH1+ (8.5%), and AB RH1+ (1.8%). The RH1-negative phenotypes were less
common across all ABO groups, with O RH1— representing 3.4% of the total, A RH1—
1.5%, B RH1— 0.5%, and AB RH1— 0.1%.

Later, the association between the ABO and Kell (KEL1) antigens in the collected
samples was then assessed. The relationship between these samples is illustrated in Table 3.
Here, we present the distribution of the ABO and Kell (KEL1) antigens, also recalculated
to reflect the eight phenotype combinations relative to the total sample. Similarly to the
RH1 distribution, the O KEL1— phenotype was the most common (58.7%), followed by A
KEL1— (26.6%), B KEL1— (8.6%), and AB KEL1— (1.8%). In contrast, the KEL1-positive
phenotypes were infrequent, with O KEL1+ (2.6%), A KEL1+ (1.2%), B KEL1+ (0.4%), and
AB KEL1+ (0.1%).

Table 3. Distribution of Kell phenotype within ABO blood groups.

Phenotype n % of Total
OKEL1—- 34,843 58.72

O KEL1+ 1518 2.56

A KEL1- 15,793 26.62

A KEL1+ 713 1.20

B KEL1— 5120 8.63

B KEL1+ 232 0.39
AB KEL1— 1047 1.77
AB KEL1+ 52 0.09

Total 59,318 100

These results reinforce the predominance of KEL1-negative phenotypes (>95%) in
all ABO groups and emphasize the low but clinically relevant presence of Kell-positive
donors in the studied population. Together, the recalculated data provide a more detailed
overview of the combined antigenic profiles, enhancing the capacity to predict transfusion
compatibility and identify rare phenotypes within the regional donor pool.
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To conclude this section, the relationship between the RH1 and Kell antigens in the
sampled data was analyzed. The relationship between these samples is shown in Table 4.
The data indicates that RH1 positive and KEL1-positive donors comprised 4.01% of the
total sample, while RH1 negative and KEL1-positive donors accounted for 0.22%. Thus, the
total number of positive KEL1 antigens reached 4.23%. The percentage of negative KEL1
antigens was 95.77%, both RH1+ and RH1—.

Table 4. Distribution of Kell phenotype within RH1 groups.

Rh Group KEL1+ KEL1— Total % Total
RH1+ 2384 (4.01%) 53,653 (90.46%) 56,037 (94.47%) 94.47%
RH1- 131 (0.22%) 3150 (5.31%) 3281 (5.53%) 5.53%
Total 2515 (4.24%) 56,803 (95.76%) 59,318 (100%) 100.00%

3.4. Kell Antigen Prevalence by Sex and Age

Later, we examined the prevalence of KEL1+ and KEL1— antigens by sex in the
samples collected during 2024. Figure 2 shows that out of the total samples collected, only
4.24% are KEL1+, which corresponds to 2515 samples. When broken down by sex, 1223
K-positive donors came from men, while 1292 came from female donors (Figure 2). It
is important to note that, to determine the frequency of the K antigen, an anti-K (KEL1)
reagent was used; therefore, our study did not include the typing of the k antigen (Cellano)
and it was not possible to discriminate between the KEL1+, KEL2+ and KEL1—, KEL2+
phenotypes within the K— group.

2515
— 95.76
100 = Total Kell+

40— I Kell+
= Kell-

:2‘!— d 1223 1292
14 48.6% 51.4%

0- T

Porcentage (%)
N
o

Figure 2. Prevalence of K antigen (KEL1) by sex. (A) The figure shows the distribution of the positive
and negative Kell phenotypes in 59,318 blood donors tested during 2024. In total, 4.24% of the
samples were Kell positive (n = 2515). (B) Of these, 1292 were women (4.11% of the total females)
and 1223 were men (4.38% of the total males). The negative Kell phenotype predominated widely in
both sexes, exceeding 95%. These results demonstrate a relatively even distribution of the K antigen
(KEL1) between men and women, with no clinically relevant differences.

Subsequently, the results of this analysis are shown in Table 5. In the female population,
4.1% were Kell-positive while 95.9% were Kell-negative. In the male population, the
prevalence of Kell-positive was 4.38%, and 95.62% were Kell-negative.

Table 5. Kell prevalence by sex.

Sex KEL1+ KEL1— Total
Female 1292 (4.11%) 30,139 (95.89%) 31,431 (52.99%)

Male 1223 (4.38%) 26,664 (95.62%) 27,887 (47.01%)

Total 2515 (4.24%) 56,803 (95.77%) 59,318 (100%)

Table 5 presents the distribution of the Kell phenotype among 59,318 blood donors,
categorized by gender. In the female cohort (n = 31,431), 1292 individuals were KEL1-
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positive antigen (4.11%), while 30,139 were KEL1-negative (95.89%). Among the male cohort
(n =27,887), 1223 individuals tested KEL1-positive (4.38%), and 26,664 were KEL1-negative
(95.62%). Overall, 2515 samples (4.24%) were KEL1-positive, whereas 56,803 (95.77%) were
KEL1-negative. These findings indicate a consistent distribution of the Kell phenotype across
genders, with no statistically significant differences observed in its prevalence.

Finally, Table 6 presents the distribution of Kell phenotypes among 59,318 blood
donors, categorized by age groups. The age group of 27-52 years exhibited the highest
proportion of Kell-positive donors (n = 1572; 62.5%), followed by the 17-26 years group
(n = 615; 24.5%), and the age group of 53 years and above (n = 328; 13.0%). The Kell-
negative phenotype was predominantly observed across all age ranges (>95%). Overall,
2515 samples (4.24%) tested positive for Kell, confirming the low prevalence of the antigen
within the study population and indicating that the majority of positive cases originate
from donors in middle adulthood.

Table 6. Kell prevalence by age group.

o,
Age Group KEL1+ KEL1— Total % of Total

Donors

17-26 615 (24.5%) 14,534 (25.58%) 15,149 (25.54%) 25.54%
27-52 1572 (62.5%) 35,094 (61.78%) 36,666 (61.81%) 61.81%
>53 328 (13.0%) 7175 (12.64%) 7503 (12.65%) 12.65%

Total 2515 (100.0%) 56,803 (100.0%) 59,318 (100.0%) 100.00%

4. Discussion

This study used data from 59,318 blood donors collected by the Concepcién Blood
Center in 2024. It helped determine the phenotypic frequency of the ABO, RH1, and Kell
blood group system in a large cohort of southern Chilean blood donors. In our study, we
found that the distribution of ABO blood group components was dominated by phenotype
O, comprising 61.3% of the samples. This was followed by phenotype A at 27.8%, pheno-
type B at 9%, and phenotype AB at 1.9%. This amount matches the report by the Public
Health Institute, which indicates that the distribution of the O phenotype in the Chilean
population is 59.89% [13] and other Latin American populations [14,15]. These results differ
from those reported in studies conducted in other Latin American regions, such as Ecuador,
where the O phenotype accounted for 75.46% [16], and in Bolivia, it reached 73% [17] of the
samples analyzed, respectively. A study conducted in Mexico suggests that the differences
in blood group distribution across regions could be partly explained by variations in ethnic
makeup, including the proportion of indigenous populations [18].

A recent multicenter study conducted in Lima, Peru, involving 20,141 blood donors, re-
ported that the majority of donors were men (69.5%), with a predominance in the 29-38-year
age group (30.9%). Most donors were of Peruvian nationality (97.9%), while among foreign
donors Venezuelans were the most frequent (1.5%). Regarding blood group distribution,
the O Rh+ phenotype was by far the most common, representing 79% of the donors [19].
This genetic diversity should be taken into account when designing transfusion strategies
and blood donation campaigns, as it directly impacts the availability and compatibility of
blood components [19].

Regarding the RH1 system, the analyzed sample showed that the majority of the
population is RH1 positive (94.47%), which is important information for transfusion plan-
ning and preventing alloimmunization. These findings are consistent with data from the
Public Health Institute, which states that at the national level, the RH1 positive phenotype
accounts for 94.4% of the country’s population [13]. This finding supports the stability of
the RH1 system distribution in the population of the south-central region of the country,
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despite demographic and geographic diversity. In the Latin American context, our findings
also align with other regional studies. For example, a study conducted in Mexico shows that
the prevalence was 95.6% among a large donor cohort [15]. Similarly, studies conducted
in Quito, Ecuador, and La Paz, Bolivia, report that 97.93% and 97.61% of the evaluated
samples were Rh positive, respectively [16,17]. The low frequency of RH1 negative patients,
although consistent, creates challenges in transfusion management because this group
needs careful planning to ensure compatible units for RH1 negative individuals, especially
women of childbearing age, where preventing anti-D alloimmunization is vital.

To enhance the historical and demographic context of our findings, we conducted a
comparison between the observed phenotype frequencies and those documented within
Indigenous and European-descendant populations. Research involving Aymara and Huil-
liche groups has reported a predominance of group O and RH1-positive phenotypes,
aligning with Amerindian genetic heritage [20,21]. In contrast, European reference popula-
tions, especially those from Spain and the Basque Country, exhibit higher proportions of
group A and a slight rise in Kell positivity, reflecting typical European genetic traits [15,22].
These contrasts correspond with genomic evidence suggesting that the Chilean population,
particularly in the southern regions, possesses a substantial Amerindian component, mir-
roring historical admixture between Indigenous peoples and European settlers [23]. In this
context, the antigenic landscape observed in our study not only provides valuable informa-
tion for transfusion safety but also serves as biological evidence of Chile’s demographic
and historical identity.

Finally, we found that out of 59,318 samples analyzed, 2515 were positive for the
KEL1 antigen, which is a prevalence of 4.24%. Studies in the Chilean population show
similar results in the frequency of KEL1-positive samples for the KEL1 antigen: 4% [24] and
4% [25]. A study conducted on a sample of 120 individuals from rural communities in the
Coquimbo region reported a positive frequency of 2.47% for the Kell antigen [26]. According
to the authors, this trend might result from racial mixing caused by colonization [26].
Studies in other regions of the Americas show that in Argentina the frequency of KEL1-
positive samples positive for the KEL1 antigen is 6.21% [27], in Mexico it reaches 2% [28].
Interestingly, studies from other regions around the world show that the prevalence of the
positive KEL1-positive antigen varies among different ethnic groups. A study conducted
in Riyadh found that 14% of the samples from the Arab population tested positive for the
KEL1 antigen [22].

With regard to the Kell system, its infrequent occurrence yet significant clinical rel-
evance highlights the necessity for systematic antigen screening within blood banks. Al-
though an initial analysis examined Kell phenotype frequencies by sex and age, these
comparisons were subsequently omitted, as no biological or historical evidence has been re-
ported to substantiate such differences within healthy donor populations. The Kell antigen
(KEL1) is encoded on chromosome 7 (7q33), independent of sex-linked inheritance, and its
expression remains consistent across various demographic groups [1,29]. Therefore, the
discussion of the Kell system in this study centers on its clinical and population significance.
The Kell-negative phenotype was predominant in our cohort, aligning with the pattern
observed in other populations globally, where K+ frequencies generally range from 2% to
9% [15,22]. Beyond transfusion compatibility, these frequencies can be examined through
the perspective of population genetics. As described earlier, indigenous population of
Chile populations such as the Aymara and Huilliche exhibit a pronounced prevalence of O
and RH1+ phenotypes, accompanied by notably low frequencies of Kell positivity, which
reflects the strong Amerindian genetic heritage [20,21], while populations of European
descent—especially those from Spain and the Basque Country—show higher frequencies
of group A and a slightly increased prevalence of Kell-positive phenotypes [30,31].
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From a clinical perspective, the Kell system remains recognized as one of the most
immunogenic non-ABO antigens, with anti-K antibodies linked to severe cases of hemolytic
disease of the fetus and newborn (HDFN). The successful implementation of preventive
policies—such as the Netherlands’ comprehensive K-matched transfusion protocol for
women under the age of 45—has led to a measurable decrease in anti-K alloimmunization
rates and the occurrence of HDFN [32]. Within this framework, our findings emphasize
the importance of incorporating routine Kell antigen typing into blood bank screening
protocols nationwide in Chile, with a particular focus on prioritizing Kell-negative units
for women of childbearing age and patients with prior alloimmunization.

Similarly, considering the implications of the Kell system for women of reproductive
age, it is also crucial to address the obstetric aspect of immunohematologic risk. Current
clinical guidelines highlight that routine prenatal screening for irregular red cell antibodies—
especially anti-D and anti-K—is essential for preventing hemolytic disease of the fetus and
newborn (HDFN). According to the British Society for Haematology, all pregnant women
should undergo ABO/RH1 typing and red-cell antibody screening at their first visit and
again at 28 weeks because of the high risk associated with clinically significant antibodies
like anti-D and anti-K [32,33]. Mechanistic and clinical studies also demonstrate that anti-K
can suppress fetal erythropoiesis—rather than merely causing hemolysis—resulting in
severe fetal anemia even at low titers [34]. Furthermore, national policy evaluations have
shown that implementing K-matched transfusion strategies for women of reproductive age
significantly reduces the incidence of anti-K-mediated HDFN [35]. Based on this evidence,
our results highlight the need to strengthen antenatal antibody screening programs in Chile
and to prioritize K-negative red blood cell units for pregnant women or those who might
become pregnant.

5. Conclusions

This study provides the most comprehensive characterization to date of the pheno-
typic distribution of blood group antigens ABO, RH1, and Kell blood in southern Chile,
encompassing over 59,000 blood donors. The predominance of group O and RH1-positive
phenotypes reflects the strong Amerindian genetic contribution that historically shaped
Chile’s population structure. In contrast, the low frequency of Kell-positive phenotypes
(4.24%) aligns with regional data and supports the notion of limited European admixture
in southern regions. These findings not only offer valuable insights into the biological
diversity of Chile’s population but also have direct implications for transfusion safety.
Given the high immunogenic potential of Kell antigens, systematic Kell typing should be
integrated into donor screening—especially for women of reproductive age—to prevent
alloimmunization and hemolytic disease of the fetus and newborn. The observed antigenic
distribution also provides a foundation for improving transfusion protocols, optimizing
inventory management, and anticipating regional blood compatibility needs. In a broader
context, our data contribute to understanding the intersection between population genetics,
clinical transfusion practice, and historical ancestry in Chile and South America.

Therefore, we recommend that blood banks in Chile update their Good Practice Guide-
lines to include (1) systematic Kell antigen screening in all donors; (2) targeted recruitment of
Kell-negative donors, particularly for women of childbearing age; and (3) implementation of
regular irregular antibody screening programs for both donors and recipients.

In addition to transfusion-related concerns, our findings highlight the need to
strengthen antenatal immunohematologic screening in Chile. Considering the high clinical
significance of anti-D and anti-K antibodies in hemolytic disease of the fetus and newborn,
routine ABO/RH1 typing and red-cell antibody screening during pregnancy—along with
prioritizing Kell-negative red blood cell units for women of reproductive age—should be
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adopted into national protocols. Incorporating these measures into obstetric care would
help lower alloimmunization rates and enhance maternal-fetal safety, aligning Chilean
practices with international standards.
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