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Abstract

Background: Infection by the pandemic influenza A (H1N1)pdm09 virus results in significant pathology
disease in many cases in different populations worldwide. The natural killer (NK) cells are among the
major effectors important in early innate immune responses to viral infections, interacting with host cells
through their activating or inhibiting receptors.

Aim: The aim of this study was to analyze Killer Ig-Like Receptor (KIR) gene polymorphisms in critically
ill Macedonian patients with pandemic influenza A (H1N1)pdm09 infection.

Material and Methods: The studied sample consists of 63 critically ill Macedonian patients with
pandemic influenza A (H1N1)pdm09 infection. The population genetics analysis package, Arlequin, was
used for analysis of the data.

Results: We found that all 16 KIR genes were observed in the studied individuals and framework genes
(KIR3DL3, KIR3DP1, KIR2DL4, and KIR3DL2) were present in all individuals. The results of tested
linkage disequilibrium (LD) among KIR genes demonstrated that KIR genes present a wide range of
linkage disequilibrium. Comparison of KIR gene frequencies between critically ill H1N1/09 Macedonian
patients and healthy subjects reveals statistically significant difference for frequency of KIR2DL1 (F=1
in the patients group, and 0.94 in the control group, p=0.045).

Conclusion: We did not found any significant association of all 16 KIR genes or KIR genotypes with
critically ill (H1N1)pdm09 Macedonian patients, except for the KIR2DL1.

Introduction
Infection with influenza A virus resulted in

significant disease in many cases in different populations
worldwide. The rapid global spread of the novel swine
origin influenza virus A (H1N1)pdm09 and more than
620,000 cases reported worldwide as of the end of 2009
[1, 2], prompted the World Health Organization to raise
the pandemic alert to the highest level, officially declaring

pandemic [3]. An intriguing observation was that the
highest prevalence of significant pathology was reported
among youths and young adults [4-7]. It is known that
innate immune cells, such as the macrophages,
neutrophils, and DCs are efficient in clearing inûuenza
virus via phagocytosis or promotion of adaptive responses
[8-13]. In the recent years, the role of NK cells in
response to inûuenza infection has also been studied
extensively, and their involvement in the early control of
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inûuenza replication has been in the focus of many
research groups [14-21].

The last (H1N1)pdm09 influenza pandemic with
swine-origin compared to previous influenza pandemics,
appears to have a high infectivity rate but low
pathogenicity [22]. So far, despite the extensive research,
the host immune factors that might influence the
protection of some patients and significant disease in
others, have not been clearly established in humans.
One of the candidate host factors that might influence
the disease severity in the context of (H1N1)pdm09
Influenza infection is the killer immunoglobulin-like
receptor (KIR) gene repertoire.

The killer cell immunoglobulin-like receptors are
surface molecules found on subsets of lymphoid cells.
Most importantly, they influence the natural killer (NK)
cells activity in activating or inhibiting manner, depending
on the interaction of KIR with HLA molecules present on
the target host cells [23, 24]. The KIR locus contains a
family of polymorphic and highly homologous members
(14 genes and 2 pseudogenes), which can be activating
or inhibitory. Based on the gene content, the haplotypes
have been resolved into two broad sets, termed A and B
[25]. The different KIR haplotypes vary in the number
and type of genes present, but the genes KIR3DL3,
KIR3DP1, KIR2DL4 and KIR3DL2 are present on virtually
all haplotypes and have therefore been termed framework
genes [26]. Population studies performed over the last
two decades have revealed extensive diversity at the
KIR gene locus, which derives from both, its polygenic
and multi-allelic polymorphism, whereas on the basis of
gene content, haplotype B displays a much greater
variety of subtypes [27, 28].

Following the model of major histocompatibility
complex studies, disease association studies have
revealed associations of certain KIR genes and/or
genotypes with specific diseases. To date, these studies
have mainly targeted viral infections such as human
immunodeficiency virus infection, hepatitis C, but also
cancer, autoimmune, and inflammatory disorders [29-
32]. In general, activating genotypes generally appear to
be beneficial during viral infections, whereas they
increase the risk for susceptibility to autoimmunity [33].
In the present study, we evaluate the association of KIR
genes and genotypes with the outcome of human
(H1N1)pdm09 Influenza infection.

The aim of this study was to examine KIR gene
polymorphisms by determining the frequencies of 16
KIR genes and pseudogenes (KIR2DL1, KIR2DL2,

KIR2DL3, KIR2DL4, KIR2DL5, KIR3DL1, KIR3DL2,
KIR3DL3, KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS4,
KIR2DS5, KIR3DS1, KIR2DP1, and KIR3DP1) and KIR
genotypes in Macedonian patients with pandemic
influenza infection, and to compare the gene content
between patients with very severe disease including
fatalities and patients with less severe disease.

To our knowledge, this is the first study of the
diversity of KIR genes in patients with pandemic influenza
A (H1N1)pdm09 infection in the Republic of Macedonia
and among the few in the world.

Material and Methods
Population samples. The study included 63

unrelated patients (male 39 and female 25) with laboratory
PCR confirmation of Influenza (H1N1)pdm09 pandemic
flu hospitalized at the University Clinic of Infective
Diseases in Skopje, Republic of Macedonia, between
December 2009 and March 2010. Only consecutive
patients with severe disease course (with need of
ventilation support) were selected.

After signing of written consent, genomic DNA
was extracted from the peripheral blood leukocytes
using standard phenol/chloroform procedure, described
elsewhere [34], and stored in the Macedonian Human
DNA Bank (hDNAMKD) [35] until processing.

PCR amplification. For KIR genotyping,
commercially available PEL-FREEZ KIR genotyping
SSP kit (Dynal Biotech, Brown Deer, WI) was used. It is
a PCR-based method (using sequence-specific priming
approach) designed to detect the presence or absence
of 16 KIR genes and pseudogenes defined by the
International nomenclature committee of WHO [36, 37].
Briefly, locus specific primer sets, dispensed in a 96 well
thermal tray were used for amplification of genomic
DNA. After the amplification, the PCR products are
loaded and separated by electrophoresis onto a 2%
agarose gel stained with ethidium bromide, after which
the results are interpreted using a worksheet for the
specific amplification patterns. The presence of each
KIR gene was determined by the presence of a band of
DNA of the expected size.

All PCRs contained an internal positive control
consisting of an additional pair of primers specific for the
growth hormone (GH) gene and a negative control [38].
Individuals were determined negative for a particular
KIR gene when a band of expected size was absent in
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the presence of a band for the GH gene. We have used
external quality control consisting of cell lines from
Immunogenetics and Histocompatibility Worskshop
Conferences and Centre d’ Etude du Polymorphisme
Humain.

Statistical analysis. The occurrence of KIR
genes in individuals (frequency = F) was obtained by
direct counting. Gene frequencies (GF) were calculated
using the formula GF=1-√(1-F), being aware of the
limitation in its ability to detect KIR genes present at low
frequency. For analysis of the molecular polymorphism
of the locus studied, the Arlequin software version 3.0
(Genetics and Biometry Laboratory, University of Geneva,
Switzerland) [39] was used.

Linkage disequilibrium (LD) values for two locus
associations were calculated using 2×2 tables [40].
Because LD is not independent of allele frequencies,
normalized LD was calculated as described previously
[41, 42]. Comparisons of different genotypes for two
groups were tested by the χ2 test. Crude odds ratios
(OR) were calculated within 95% CI.

Results
KIR gene frequencies. The frequencies of the

16 KIR genes (14 genes and 2 pseudogenes) determined
in the 63 Macedonian (H1N1)pdm09 patients, is shown
in Table 1 along with the corresponding frequencies of
the 214 healthy Macedonian controls. All 16 KIR genes
were observed in both groups of the studied population
and framework genes (KIR3DL3, KIR3DP1, KIR2DL4,
and KIR3DL2) were present in all individuals.

Comparison of KIR gene frequencies between
critically ill (H1N1)pdm09 Macedonian patients and
healthy Macedonians reveals statistically significant
difference for KIR2DL1 (frequency of 1 in the patients
group, and 0.94 in the control group, p=0.045) (Table 1).

Linkage Disequilibrium. The classical linkage
disequilibrium coefficient (D), linkage disequilibrium
coefficient D standardized by the maximum value it can
take (Dmax), given the allele frequencies (D’), standardised
simple measure of linkage disequilibrium (r2), and
statistical significance (P) for KIR genes are shown in
Table 2. The genes present in all individuals (KIR2DL1,
KIR2DL4, KIR3DL2, KIR3DL3, KIR2DP1 and KIR3DP1)
were excluded from the analysis.

Pairs of KIR loci that displayed significant
(P<0.05) LD in critically ill Macedonian patients with
pandemic influenza A (H1N1)pdm09 infection are given
in Table 3. Positive LD was observed between pairs
KIR3DL1 and KIR2DS4, KIR2DL2 with KIR2DS2 and
KIR2DS3, KIR2DL5 and KIR3DS1, KIR3DS1 with
KIR2DS1 and KIR2DS5, KIR2DS1 and KIR2DS5, and
between KIR2DS2 with KIR2DS3. Negative LD was
found between KIR3DL1 and KIR2DS5, KIR2DL3 and
KIR2DS3, and KIR2DS4 and KIR2DS5. Other KIR genes
were not in significant LD.

Genotype frequencies. KIR groups, genotype
ID, KIR genotypes, number of individuals displaying
certain genotype, and the frequency of genotypes are
shown in Table 4.

If any of the genes 2DL2, 2DL5, 3DS1, 2DS1,
2DS2, 2DS3, or 2DS5 was present; the genotype was

Table 1: Comparison of the observed and estimated KIR gene frequencies for critically ill Macedonian patients with pandemic
influenza A (H1N1)pdm09 infection (N = 63) and healthy Macedonians (N=214).

N, number of individuals; F, observed frequency was obtained by direct counting; GF, gene frequencies were calculated using the formula GF=1-Ö(1-F); p, statistical significance; &, cannot
be calculated because expected <5, c2 test; OR, Odds ratio; CI, confidence interval.
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Table 2: LD analysis for KIR loci in critically ill Macedonian patients with pandemic influenza A (H1N1)pdm09 infection (N = 63) and
in healthy Macedonians (n=214).

aD, The classical linkage disequilibrium coefficient measuring deviation from random association between alleles at different loci; D’, the linkage disequilibrium coefficient D standardized by
the maximum value it can take (Dmax), given the allele frequencies; r2, another way to standardise the simple measure of linkage disequilibrium [42]; P, statistical significance. &, not calculated.

considered as B. If none of these were present, genotype
is considered as AA. We have not attempted to distinguish
between AB and BB genotypes and called any of this Bx.
KIR genotypes were numerated according to the
Allelefrequencies KIR Database [43]. Total of 29 different
KIR genotypes were found to be present in the studied
sample, based on the presence of 16 KIR genes. We
have found two AA genotypes, AA1 and AA180 with
frequencies of 0.127 and 0.016, respectively. The most
frequent genotypes in the Bx group were genotypes Bx2
(F=0.095), Bx5 (F=0.079) and Bx4 (F=0.064). One new
genotype of the Bx group was found and is being
referred to Allelefrequencies.net (Table 4).

There is not statistically significant difference in
distribution of AA and Bx KIR genotypes between
Macedonian patients with (H1N1)pdm09 infection with
severe course compared to healthy Macedonians
(P=0.207, OR=0.609, Wald 95% CI =0.280-1.324) (Table
5).

Discussion
Influenza A has been an important threat to

global public health and remains in the focus of clinical
diagnosis, treatment, and basic research [44, 45]. While
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hundreds of thousands of patients have been reported
during the last outbreak of the (H1N1)pdm09 virus, we
have witnessed that some subgroups of patients have a
poorer outcome – the Mexico outbreak suggested that
younger patients, especially those with co-morbidities
and morbidly increased BMI were more susceptible to
respiratory failure [4, 7].

Table 3: Pairs of KIR loci that displayed significant (p<0.05) LD
in critically ill Macedonian patients with pandemic influenza A
(H1N1)pdm09 infection (N = 63) and in healthy Macedonians
(n=214).

0, no significant LD; +, significant positive LD; -, significant negative LD; &, LD not calculated.

Table 4: KIR locus haplogroups, genotypes ID and genotype frequency of critically ill Macedonian patients with pandemic influenza
A (H1N1)pdm09 infection (N = 63) and corresponding frequencies in healthy Macedonians (n=214).

KIR Genotype [1=Positive, 0=negative]

Table 5: Comparison of AA and Bx KIR haplogroup frequencies
in critically ill Macedonian patients with pandemic influenza A
(H1N1)pdm09 infection (N = 63) and in healthy Macedonians
(n=214).

N, number of individuals displaying AA or Bx KIR genotype; F, frequency of KIR genotype; CI,
confidence interval.

We present the KIR genes distribution in
Macedonian critically ill patients infected with
(H1N1)pdm09. The studied group of patients and the
healthy control subjects belonging to the same,
Macedonian population used for comparison, showed
similar frequencies for most KIR genes. The only
statistically significant difference was noted for the
inhibiting KIR2DL1 gene, which was present in all patients
(F=1) and in 94% of the controls (P=0.045). Several
statistically significant differences were found between
the two populations when comparing the frequencies of
AA and Bx KIR genotypes, the most notable being for
Bx94, which was present in 3 patients, but not present at

much as four activating genes (KIR2DS3, KI2DS4,
KIR2DS5 and KIR3DS1) were present in higher
frequency (not statistically significant) in the critically ill

all in the control group (P=0.001). Two other genotypes
with significant differences in frequencies were Bx19
(P=0.012) and Bx63 (P=0.045), both more frequent in
the patients group. Comparable predominance of group
Bx genotypes has been observed in many different
populations, such as North Indians, Palestinians, South
Asians, Afro-Caribbeans and also, general Macedonian
population [46-49]. In a similar recent study analyzing
the KIR polymorphisms in patients infected with Ebola
virus [50], significantly higher frequencies of activating
KIR2DS1 and KIR2DS3 genes were found in the group
of fatally ill patients, when compared to the group of
survivors from the infection. This finding led the authors
to a conclusion that proposed overactivation of the NK
cells was responsible for their rapid depletion. Although
for the KIR2DS1 gene, we find “inverse” situation with
these gene being more frequent in the control group, we
still find this hypothesis tempting and possible, since as
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patients when compared to the healthy subjects. This
finding is in concordance with another recent study [51],
where predominance of activating KIR genes (KIR2DS5
and KIR3DS1) was noted in severely ill patients with
influenza (H1N1)pdm09 infection. It would be interesting
to take into account the allelic polymorphism, which
might allow different alleles to be expressed differentially
and thus influence ligand binding and consecutive
cytolysis [50]. Unfortunately, at present, we are not able
to perform this analysis.

The results of tested linkage disequilibrium
among KIR genes demonstrated that KIR genes present
a wide range of linkage disequilibrium. Again, we cannot
assume an absolute correlation between the KIR loci, as
we only detect a certain percentage of alleles at a locus.

In conclusion, we have determined the
distribution of KIR genes in patients with confirmed
(H1N1)pdm09 infection and compared it to healthy control
subjects, all living in Republic of Macedonia. While there
is evident predominance of KIR activating genes in the
group of patients with very severe disease, these
differences do not reach statistical significance. Our
results suggest that activating KIR genes might be a
predisposing factor for more severe viral disease and
are in agreement with earlier proposed theories [50, 51].
Our next step should be HLA genotyping of the samples
in order to explore the ligands for the KIRs in the critically
ill Macedonian patients with pandemic influenza A
(H1N1)pdm09 infection. Finally, KIR typing at allelic
level might be more helpful in elucidating the different
efficacy of NK cells and different disease course in virally
infected patients.
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