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Abstract
Background—Individuals with more copies of CCL3L1 (CCR5 ligand) than their population
median have been found to be less susceptible to HIV infection. We investigated whether maternal
or infant CCL3L1 gene copy numbers are associated with perinatal HIV transmission when single-
dose nevirapine is given for prevention.

Method—A nested case–control study was undertaken combining data from four cohorts including
849 HIV-infected mothers and their infants followed prospectively in Johannesburg, South Africa.
Access to antiretroviral drugs for the prevention of perinatal transmission differed across the cohorts.
Maternal and infant CCL3L1 gene copy numbers per diploid genome (pdg) were determined by real-
time polymerase chain reaction for 79 out of 83 transmitting pairs (~10% transmission rate) and 235
randomly selected non-transmitting pairs.

Results—Higher numbers of infant, but not maternal, CCL3L1 gene copies were associated with
reduced HIV transmission (P=0.004) overall, but the association was attenuated if mothers took
single-dose nevirapine or if the maternal viral load was low. Maternal nevirapine was also associated
with reduced spontaneously released CCL3 (P=0.007) and phytohemagglutinin-stimulated CCL3
(P=0.005) production in cord blood mononuclear cells from uninfected infants.

Conclusion—We observed a strong association between higher infant CCL3L1 gene copies and
reduced susceptibility to HIV in the absence of maternal nevirapine. We also observed a reduction
in newborn CCL3 production with nevirapine exposure. Taken together, we hypothesize that
nevirapine may have direct or indirect effects that partly modify the role of the CCR5 ligand CCL3
in HIV transmission, obscuring the relationship between this genetic marker and perinatal HIV
transmission.
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Introduction
Genome duplication is a key mechanism in human evolution and genetic adaptation. As
segmental duplications overrepresent genes involved in immunity, duplications are thought to
benefit host immunity [1]. Direct phenotypic evidence is, however, limited.

CC chemokine ligand 3 like 1 (CCL3L1) provides an excellent example of the benefits of gene
duplication [2,3]. CCL3L1 gene duplication increases the production of CCL3L1 protein
(formerly known as macrophage inhibitory protein 1 alpha; MIP-1α) [2-4], a potent ligand for
CC chemokine receptor 5 (CCR5) and a major HIV-suppressive CC chemokine [4]. In a large
study, wide variability was found in the average number of CCL3L1 gene copies across
populations, with African individuals having significantly greater numbers than non-African
individuals [3]. The study further demonstrated that adults and children with higher numbers
of CCL3L1 copies relative to their population average were at lower risk of HIV infection
[3].

The association between CCL3L1 gene copies and perinatal HIV transmission was confirmed
in a study of infants born to HIV-infected mothers in South Africa [5]. Independent
confirmation of epidemiological associations is essential because associations can arise by
chance given the extreme heterogeneity of the human genome. In the case of perinatal HIV
transmission, it is also necessary to investigate the influence of antiretroviral drugs commonly
given to prevent transmission. Antiretroviral drugs are effective, but imperfect, interventions
to prevent transmission. Therefore, complementary interventions are needed to eliminate
perinatal transmission [6]. Here we investigated whether infants’ and mothers’ CCL3L1 gene
copy numbers are associated with perinatal HIV infection in the presence and absence of the
maternal dose of single-dose nevirapine, one of the most widely used interventions in sub-
Saharan Africa to prevent mother-to-child HIV transmission [7].

Methods
Study design

A nested case–control study was undertaken combining data from four cohorts including 849
HIV-infected mothers and their infants followed prospectively at two hospitals in
Johannesburg, South Africa. HIV-infected mothers with HIV-infected children (transmitting
cases) were compared with HIV-infected mothers with uninfected children (non-transmitting
controls). Within the four cohorts, 83 infants acquired HIV (transmission rate 10%). The
CCL3L1 gene copy number was determined by real-time polymerase chain reaction (PCR) for
mothers and infants from 79 out of 83 transmitting pairs. For comparison, 235 non-transmitting
pairs matched by cohort were randomly selected as controls.

Study populations
The use of antiretroviral drugs for the prevention of mother-to-child transmission (PMTCT)
differed across the cohorts (summarized in Table 1). In cohort 1, undertaken at Chris Hani
Baragwanath Hospital, women were recruited postpartum before discharge after delivery as
part of screening for a trial of postexposure prophylaxis [8]. HIV-positive women who had not
accessed HIV testing antenatally were identified through a postpartum voluntary counselling
and testing service that had been set up for the trial. These women had received no antiretroviral
drugs before delivery. Their infants received either zidovudine or nevirapine as postexposure
prophylaxis. A smaller number of postpartum HIV-positive women who had received single-
dose nevirapine as part of a demonstration PMTCT project were also enrolled [9]. Cord blood
was collected from all deliveries, and if the woman enrolled the cord blood was retained for
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research, otherwise it was discarded. Blood was drawn from mothers and infants at enrolment.
Infants were scheduled for follow-up at 6 weeks and, if still breast-feeding, for continued
follow-up until at least 4 weeks after all breastfeeding had stopped. Infant samples were tested
for HIV-1 DNA by PCR to determine their infection status.

Cohort 2, also at this site but later, recruited postpartum drug-naive HIV-positive women who
had not accessed antenatal PMTCT services as well as HIV-positive women who received
single-dose nevirapine now as part of routine services. Infants of mothers who had received
no antiretroviral drugs before delivery received nevirapine postexposure prophylaxis. As
above, blood was drawn from mothers and infants at enrolment soon after birth, before
discharge and at 6 weeks postpartum. Cohort 3 included maternal and infant samples from an
earlier trial at the site of short courses of zidovudine and lamivudine versus placebo for the
prevention of vertical transmission [10] some of whom were co-enrolled in this study of
immunogenetic factors and transmission [11].

Cohort 4 was assembled at Coronation Hospital from among HIV-positive women who were
already enrolled in PMTCT services. Women were recruited at 6 weeks postpartum, at which
time blood was drawn from mothers and infants. Women either received single-dose nevirapine
or triple-drug combination treatment regimens.

All women signed informed consent for participation in this study of immunogenetic factors,
which was approved by the institutional review boards of the investigators, as well as consent
for other trials or services in which they may have been co-enrolled, if required.

Clinical information
The child’s infection status was determined by HIV-1 DNA PCR tests. If the 6-week sample
was positive, the birth sample was tested if available (birth samples were not available for
cohort 4). If the birth sample was positive, the child was presumed to have acquired HIV
intrauterine. If the birth sample was negative, the child was presumed to have acquired HIV
intrapartum or during the early postpartum period if breast-fed. Children with positive PCR
results were recalled for confirmatory tests. Maternal CD4 cell counts were performed, and
stored plasma samples collected at 6 weeks postpartum were tested for HIV-1 RNA levels
using the Roche Amplicor RNA Monitor assay version 1.5 (Roche Diagnostic Systems, Inc.,
Branchburg, New Jersey, USA) with a lower detection limit of 400 HIV-1 RNA copies/ml.
Other clinical data on mothers and children were collected at enrolment.

CCL3L1 gene copy number determinations
Genomic DNA was extracted from peripheral blood mononuclear cells using the Qiagen
QIAamp DNA minikit (Qiagen Inc., Valencia, California, USA). A real-time PCR was
developed to test for CCL3L1 gene copy numbers per diploid genome (pdg) using betaglobin
and CCL3 as controls. The following primers and probes were synthesized (DNA Synthesis
Laboratory, Department of Molecular and Cellular Biology, University of Cape Town, South
Africa): β-globin gene upstream 5′–ggcaaccctaaggtgaaggc–3′, β-globin gene downstream 5′–
ggtgagccaggccatcacta–3′, β-globin gene probe 5′–catggcaagaaagtgctcggtgcct–3′; CCL3L1
gene upstream 5′–tctccacagcttcctaaccaaga–3′, CCL3 and CCL3L1 genes downstream 5′–
ctggacccactcctcactgg–3′, CCL3L1 gene probe 5′–aggccggcaggtctgtgctga–3′ [12]. The CCL3
gene upstream 5′–tctccacagcttcctaaccaagc–3′ and CCL3 gene probe 5′–
aagccggcaggtctgtgctga–3′ were designed and synthesized. All probes were labeled with 5′ 6-
carboxyfluorescein (FAM) and a 3′ 6-carboxytetramethylrhodamine (TAMRA) quencher.

Real-time PCR was performed using an ABI PRISM 7500 (Applied Biosystems, Nieuwerkerk,
Netherlands) according to the protocol supplied. For each sample, the β-globin, CCL3 and
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CCL3L1 genes were amplified in duplicate, using approximately 20 ng genomic DNA per
sample. The CCL3 gene copy number was confirmed at two copies pdg for each sample,
calculated using the relative quantification method and using β-globin (present at two copies
pdg) as the endogenous control. CCL3 was used as the endogenous control to calculate the
CCL3L1 copy number, using the relative quantification method against a known copy control.
Samples giving a result of a single CCL3L1 gene copy pdg were confirmed by sequencing to
ensure homozygosity.

Measurement of CCL3, CCL4, and CCL5 production
A subset of cord blood samples collected from cohort 1 was tested for CCL3, CCL4, and CCL5
production. Samples were tested from 45 non-transmitting pairs in which the mother had
received no antiretroviral drugs before delivery, from 20 non-transmitting pairs in which the
mother received single-dose nevirapine and from 20 HIV-seronegative women as controls.
Infant cord blood mononuclear cells (CBMC) were isolated by centrifugation on Histopaque
Ficoll. Contaminating erythrocytes were lysed using a solution of 0.15 mol ammonium
chloride, 10 mmol potassium bicarbonate, and 1 mmol sodium ethylenediamine tetraacetic
acid (pH 7.0). After isolation, the number of viable CBMC was determined by trypan blue
exclusion, and the cells were resuspended at 3×106 cells/ml in RPMI containing 1% L-
glutamine. CBMC were (a) unstimulated or (b) stimulated with phytohemagglutinin at a final
concentration of 12.5 μg/ ml. Human serum (10%) was then added to each well. After 24 h
incubation at 37°C in a moist, 5% carbon dioxide atmosphere, culture supernatants were
harvested and stored at −70°C. Supernatants were tested for CCL3, CCL4 and CCL5
production using Quantikine enzyme-linked immunosorbent assay kits (R&D Systems,
Minneapolis, Minnesota, USA), according to the manufacturer’s instructions.

Statistical analysis
Mantel–Haenszel chi-square tests were used to test for differences in proportions between
groups; and t-tests and Kruskall–Wallis tests were used to compare normal and non-normal
continuous variables, respectively. Spearman rank correlation coefficients were used to
describe bivariate relationships. Multiple logistic regression was used for multivariable
analysis using SAS 9.1 (SAS Institute Inc., Cary, North Carolina, USA).

Results
Study population

The transmission rate among infants whose mothers received single-dose nevirapine was 8.5%
(49/576). The rate among infants who received only postexposure prophylaxis but whose
mothers received no antiretroviral drugs was 11.9% (24/201) and among infants whose mothers
received triple combination therapy was 4.9% (2/41).

Within the case–control population, transmitting mothers had higher plasma viral loads and
lower CD4 cell counts than non-transmitting mothers (Table 2), consistent with known risk
factors for transmission. Associations between risk factors and transmission were similar
within the case–control population to those observed within the combined cohorts overall (data
not shown), except that prematurity and low birth weight were significant risk factors for
infection in the whole cohort.

CCL3L1 gene copies and transmission
Infant, but not maternal, CCL3L1 gene copies were significantly associated with perinatal HIV
transmission (Table 3). Higher CCL3L1 copies were more frequent among uninfected
compared with infected infants (31 versus 20% with more than five copies pdg), whereas lower
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CCL3L1 copies were less frequent among uninfected compared with infected infants (20 versus
33% with less than four copies pdg; P=0.009). There was a slight, non-significant trend towards
higher maternal CCL3L1 copies among non-transmitting mothers, presumably because
maternal and infant CCL3L1 copy numbers were correlated (rho 0.371; P<0.0001).

Uninfected infants were more likely than infected infants to have more CCL3L1 copies than
their mothers (35 versus 22% among uninfected compared with infected infants, respectively,
P=0.03) but were equally as likely to have fewer copies than their mothers (44 versus 41%
among uninfected compared with infected infants, P=0.61). The absolute infant copy number
rather than the infant-relative-to-mother number was associated with reduced transmission.
The infant minus mother difference was in the expected direction (less transmission with higher
infant-relative-to-mother number) but was not significant (P=0.326).

Maternal CCL3L1 copies were correlated with maternal viral load (rho −0.14; P=0.017), but
differences in maternal viral load did not explain the association between infant CCL3L1 gene
copies and transmission. After adjustment for maternal CCL3L1 copies, viral load, and CD4
cell count, there continued to be a significant association between higher numbers of infant
CCL3L1 gene copies (continuous scale) and a lower risk of HIV transmission (odds ratio 0.75,
95% confidence interval 0.59–0.95; P=0.018).

Influence of antiretroviral drugs and maternal viral load
We examined whether the association between infant CCL3L1 copies and transmission was
consistent across the cohorts, and found that it was strongest within the cohorts with the fewest
mothers taking single-dose nevirapine. We therefore examined the CCL3L1–transmission
relationship separately among those pairs in which the mother had taken nevirapine before
delivery and those pairs in which the mother had taken no antiretroviral drugs, excluding those
with other combinations.

The influence of infant CCL3L1 copies on transmission was attenuated if mothers received
single-dose nevirapine (n=139), and was strongest if mothers received no antiretroviral drugs
(n=144; Table 4).

We then examined CCL3L1–transmission relationships stratifying by maternal viral load,
ignoring maternal drug regimens. The association was attenuated if mothers had low viral loads
and was strongest if mothers had high viral loads. Combining 165 mothers with viral loads
greater than 10 000 copies/ml, there was a significant association between infant CCL3L1
copies and transmission: 32.0 versus 12.2% of infected compared with uninfected infants had
CCL3L1 copies of three pdg or less, and 16.0 versus 28.7% of infected compared with
uninfected infants had CCL3L1 copies greater than five pdg (P=0.006). There was no trend in
this direction among 118 mothers with viral loads less than 10 000 copies/ml (P=0.78).

Stratifying by both maternal viral load and maternal drug exposure, the association between
infant CCL3L1 gene copies and transmission was strongest if maternal viral loads were high
and there was no exposure to maternal nevirapine (Table 4).

The ratio of intrapartum to intrauterine transmission was higher in the absence of maternal
antiretroviral drugs. Among infected infants whose mothers did not receive antiretroviral drugs,
73.9% (17/23) had infections attributable to the intrapartum period (excluding those with
unknown timing) compared with 46.2% (12/26) whose mothers received nevirapine (P=0.049).
When the association between infant CCL3L1 copies was examined for intrauterine and
intrapartum transmission separately, the association remained significant for intrapartum
transmission with high maternal viral loads and in the absence of antiretroviral drugs.
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Breastfeeding was rare or of short duration and no infection could be clearly attributable to the
postnatal period.

CCL3, CCL4 and CCL5 production in cord blood mononuclear cells
Within cohort 1, CCL3, CCL4 and CCL5 production was measured in infant CBMC from 20
uninfected infants born to HIV-infected mothers who received single-dose nevirapine, 45
uninfected infants born to HIV-infected mothers who received no antiretroviral drugs before
delivery, and 20 control uninfected infants born to uninfected mothers. Spontaneously released
CCL3 (P=0.007) and phytohemagglutinin-stimulated CCL3 (P=0.005) was reduced for HIV-
exposed, uninfected infants whose mothers took nevirapine compared with those whose
mothers received no antiretroviral drugs. Maternal nevirapine use appeared to ‘normalize’
CCL3 levels because levels among nevirapine-exposed infants born to HIV-infected mothers
were similar to levels among infants of HIV-negative mothers (controls); whereas levels among
drug-unexposed infants born to HIV-positive mothers were higher than levels among controls
(Fig. 1). Spontaneously released CCL4 (P=0.01) and phytohemagglutinin-stimulated CCL4
(P=0.01) followed the same pattern, being lower with nevirapine exposure, and higher with
HIVexposure in the absence of nevirapine compared with controls.

In contrast, CCL5 followed a different pattern: no association with drug exposure and, for
spontaneously released CCL5, levels were lower among HIV-exposed uninfected infants than
among controls. It should be noted that levels of CCL5 were more than 10-fold lower than
levels of CCL3. Maternal viral loads did not differ between the nevirapine-exposed (median
9240 HIV-1-RNA copies/ml) and unexposed (median 15 050 HIV-1-RNA copies/ml) HIV-
infected mothers (P=0.66), and maternal viral load was not correlated with infant chemokine
production in CBMC.

Discussion
Our results support the original observation [3] of a dose-dependent relationship between
duplication of the CCL3L1 gene and perinatal HIV transmission. Within this southern African
black population, the average number of CCL3L1 gene copies was four to five copies/pdg.
Infants with fewer copies were more likely to acquire HIV infection from their mothers; infants
with more copies were less susceptible to infection. Infant genotype was pertinent; maternal
genotype did not explain the association.

Most vertical transmission is thought to occur with virus that requires the CCR5 co-receptor
for cell entry [13,14]. It is well established that CCL3L1 gene duplications increase CCL3
protein production [2,3], which is a major ligand for CCR5. We have previously reported that
CCL3 production at birth is increased among infants born to HIV-infected mothers compared
with unexposed infants born to uninfected mothers [5]. Furthermore, those infants who acquire
HIV infection intrapartum fail to produce as much CCL3 at birth (median phytohemagglutinin-
stimulated CCL3 production in CBMC 79 432 ng/ml) than those infants of HIV-infected
mothers who escape infection (median 114 185 ng/ml, P=0.001) [5]. Blocking of CCR5 may
not, however, be the sole mechanism responsible for reduced transmission because in our
previous data the increased production of CCL4 (another ligand of CCR5) did not compensate
for deficits in CCL3 [5]. Other biological functions specific to CCL3 may be pertinent,
including its support for the development of effective adaptive immunity [12]. We also
observed that ‘not all CCL3L1 copies are created equal’ with respect to protein production, as
the copy number alone did not entirely explain differences in CCL3 production between infants
who became infected and those who did not [5]. These findings demonstrate greater complexity
in the expression and function of host CCL3 gene products and that additional genetic or other
determinants need to be identified that identify individuals at greater risk of acquiring HIV
infection [15].
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Intriguingly, we observed that the association between CCL3L1 gene duplication and perinatal
HIV transmission was attenuated if mothers received nevirapine. The attenuation of this
otherwise strong association occurred in the same population in which we observed that
nevirapine consumed by the mother at the onset of labor reduced the spontaneous and
phytohemagglutinin-stimulated cellular production of CCL3 and CCL4 in newborn
mononuclear cells.

One explanation for these related findings might be that, through a reduction in viral replication
in the mother, nevirapine reduced both the stimulus for elevated CCL3 production and the viral
exposure needed for infection. Consistent with this explanation, we observed that the
association between CCL3L1 duplication and transmission was strongest with high maternal
viral loads. In other words, a genotype that predicts a more effective response to viral exposure
is no longer necessary. This explanation is not entirely satisfactory, however, because viral
suppressive effects of single-dose nevirapine are only partial [16]. Although the correlation
between maternal viral load and transmission is strong, there is no clear threshold at which
transmission always or never occurs [17].

Nevirapine may also have altered the timing of vertical transmission. It is generally thought
that nevirapine preferentially reduces transmission occurring during delivery (intrapartum)
with fewer, if any, effects on earlier transmission occurring during pregnancy (intrauterine)
[6]. Our data supported a change in the ratio of intrapartum to intrauterine infection with
maternal nevirapine. If the CCL3L1 genotype only affects intrapartum transmission, then the
change in ratio might explain our findings. We were not able to test all infants at birth to
determine the timing of transmission, and are thus unable to confirm or refute this. Nevirapine
may also cross the placenta and influence intrauterine transmission if, for example, its efficacy
is partly a result of preventing the establishment of infection.

Alternatively, nevirapine may have immunomodulatory effects that operate independently or
in combination with a reduction in viral load and changes in the timing of transmission.
Immunomodulatory effects of nevirapine, and of other antiretroviral drugs used for the
prevention of perinatal transmission, have been described [18]. These include increases in
markers of activation (neopterin and soluble L-selectin) [9], reductions in HIV-specific cellular
immune responses [11], and lower levels of neutrophils, lymphocytes, and hemoglobin
concentrations [19-21]. A limitation of our study is that we only investigated nevirapine, but
whether similar attenuations of genotype–transmission relationships are observed with other
antiretroviral drugs will be important to investigate. No modifying effect of zidovudine
prophylaxis was mentioned in the original study among Argentinean children [3] but detailed
analysis is not presented.

Maternal nevirapine reduced CCL3 and CCL4 production among exposed-uninfected infants.
The capacity to produce CCL3 and CCL4 is greater in infants than in adults (whether HIV
infected or not) consistent with the expected skewing of immune responsiveness in early life
towards stronger innate compared with adaptive immunity [5,22]. HIV-exposed infants,
however, have higher levels than unexposed infants, thus the reductions seen with nevirapine,
in effect ‘normalize’ these levels. Although greater production of CCL3 was associated with
less transmission in our data, because maternal nevirapine is known to reduce HIV transmission
[7], we do not hypothesize that the reductions in neonatal CCL3 levels increase vulnerability
to HIV. Rather, nevirapine renders redundant a protective genotype possibly by providing
protection against transmission through different mechanisms. HIV-infected women who did
not receive nevirapine were women who had not accessed antenatal care early enough or at
facilities with well functioning prevention programmes. These women did not differ from
women who received single-dose nevirapine in terms of viral load (the most powerful predictor
of transmission risk), and maternal viral loads did not explain the differences in infant CC
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chemokine production at birth. All infants received postexposure prophylaxis (mostly with
nevirapine). We thus observed a strong association between more infant CCL3L1 copies and
lower transmission in the presence of only infant drug exposure, but not when there is both
maternal and infant exposure.

In contrast to CCL3 and CCL4, defective production of CCL5 by cord blood cells, compared
with adult peripheral blood mononuclear cells, has previously been reported [23]. In our study,
CCL5 was not affected by nevirapine exposure. Nor was it elevated in HIV-exposed uninfected
infants, and production levels were at the low end of detectable concentrations. Although CCL5
may be relevant to other routes of HIV transmission, it may not be important for HIV
transmission in the context of the maturing neonatal immune system.

Our results have important implications for future studies of mother-to-child HIV transmission.
First, for ethical reasons, it is unlikely in the future to find contexts in which vertical
transmission can be studied in the absence of antiretroviral drugs. It appears, however, that
some antiretroviral drugs currently used for prevention may obscure genotype–transmission
relationships. Second, a vaccine to prevent breastfeeding HIV transmission would be extremely
beneficial for settings in which avoiding all breastfeeding is neither safe nor acceptable. It is
likely that studies of infant vaccines will include antiretroviral drugs given at least over the
perinatal period. If these drugs influence CCL3 production, they may affect the
immunogenicity of vaccines that rely on appropriate support from this component of innate
immunity. For these reasons, it is important that the indirect consequences of antiretroviral
drugs used for the prevention of perinatal HIV transmission be investigated further.
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Fig. 1. Spontaneously released (unstimulated) and phytohemagglutinin-stimulated CCL3, CCL4,
and CCL5 in cord blood mononuclear cells among 20 infants born to uninfected mothers (controls),
and among 45 infants born to HIV-infected mothers who either received no antiretroviral drugs
before delivery or 20 who received single-dose nevirapine before delivery
Data are presented as medians (horizontal bar), 25th and 75th percentiles (boxes), 10th and
90th percentiles (bars), outliers (dots) and extremes (stars). Significant differences between
groups are indicated. ART, Antiretroviral therapy; PHA, phytohemagglutinin; sd-NVP, single-
dose nevirapine.
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Table 3
Infant and maternal CCL3L1 gene copies per diploid genome among transmitting and nontransmitting mother-
child pairs

Transmitting Non-transmitting P value

Infant CCL3L1 gene copies pdg
Total N (%) 79 235
1 1 (1.27) 3 (1.28)
2 8 (10.13) 2 (0.85)
3 17 (21.52) 41 (17.45) 0.004a
4 22 (27.85) 61 (25.96)
5 15 (18.99) 55 (23.40)
6 11 (13.92) 42 (17.87)
7 4 (5.06) 21 (8.94)
8 0 0 8 (3.40)
9 1 (1.27) 1 (0.43)
10 1 (0.43)
Mean (std) 4.24 (1.54) 4.81 (1.49)
Median (IQR) 4 (3 to 5) 5 (4 to 6) 0.003b
Maternal CCL3L1 gene copies pdg
Total N (%) 79 235
1 1 (0.43) 0
2 13 (5.53) 1 (1.27)
3 25 (10.64) 15 (18.99) 0.11*
4 54 (22.98) 24 (31.65)
5 59 (25.11) 16 (20.25)
6 44 (18.72) 13 (17.72)
7 22 (9.36) 7 (8.86)
8 11 (4.68) 0
9 5 (2.13) 1 (1.27)
10 1 (0.43) 0
Mean (std) 4.67 (1.36) 5.00 (1.63)
Median (IQR) 4 (4 to 6) 5 (4 to 6) 0.09†

IQR, Interquartile range; pdg, per diploid genome.

a
P value from Mantel–Haenszel chi-square test.

b
P value from Kruskall–Wallis test.
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