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Control lymphocyte subsets: Can one coun-
try’s values serve for another’s?

To the Editor:
Reliable interpretation of abnormal immunity depends on an

understanding of what constitutes ‘‘normal.’’ We and others have
reported that lymphocyte patterns are affected by ethnicity, sex,
and environmental factors.1-3 Differing exposure to infectious
agents, such as malaria, tuberculosis, and cytomegalovirus, could
underlie differences in lymphocyte subset patterns in contrasting
settings.4-6 In this study we analyzed combined data from 3
studies of healthy children from Thailand,1 Malawi,2 and the
United States 3 who had used similar standard flow cytometric
methods and markers, thus allowing assessment of immune het-
erogeneity across settings with differences in ethnicity and infec-
tious disease exposure.

We used lymphocyte subset data from healthy children aged
0 to 15 years enrolled in our previously published studies1-3;
additional Thai subjects less than 2 years of age were recruited
to allow comparisons with the youngest children. Exclusion
criteria were febrile illness, clinical infection at screening,
concomitant medical illnesses potentially resulting in abnormal
immunity, or abnormal growth (defined as <3rd or >97th per-
centiles of the country’s growth chart for Thai and US children
or a weight-for-height z score <70% for Malawian children).
Rapid HIV diagnostic kits were used with PCR to confirm
discordant results. Statistical analyses were performed in a
manner similar to previous publications (details are shown in
the Methods section in this article’s Online Repository at
www.jacionline.org).1-3

Of 1399 children enrolled (Thailand, n 5 281; Malawi, n 5
397; and the United States, n 5 721), approximately 50% were
male (see Table E1 in this article’s Online Repository at www.
jacionline.org), and approximately 50% were between 0 and 2
years of age. The Thai and Malawian cohorts were ethnically ho-
mogenous; the US cohort had a mix of African American (53%),
Hispanic (29%), and Euro-Caucasian (17%) subjects.
The following lymphocyte subpopulations were identified
as percentages of the lymphocyte gate in all 3 cohorts: T cells
(CD31),CD41Tcells (CD31CD41),CD81Tcells (CD31CD81),
B cells (CD191), and Bmemory cells (CD191CD271). Fig 1 com-
pares cell counts of total T cells, CD41 T cells, and CD81 Tand B
cells by age and country. Graphs representing other cells and
percentages are provided online (see Figs E1 and E2 in this article’s
Online Repository at www.jacionline.org).

Thai children had higher total T-cell counts compared with
the US and Malawian cohorts aged 6 months to 4 years and 0 to
24 months, respectively. Malawian children aged 0 to 5 months
had lower total T-cell counts compared with US children.
Compared with the US and Thai cohorts, Malawian children
aged 0 to 11 and 0 to 17 months, respectively, had lower T-cell
percentages.

Thai children aged 6 to 11 months had higher CD41 T-cell
counts but a lower percentage of CD41 T cells compared
with US children of the same age group. Compared with US
children, Malawian children had lower CD41 T-cell counts
from 0 to 5 months of age and greater CD41 T-cell counts
from 8 to 15 years of age, whereas CD41 T-cell percentages
were lower from 0 to 17 months of age but greater from 8 to
11 years of age. Compared with Thai children, CD41 T-cell
counts were lower in Malawian children aged 0 to 11 and 18
to 24 months of age but greater in those aged 5 to 7 and 12
to 15 years of age. Percentages of CD41 T cells were similarly
lower in Malawian children aged 0 to 12 months of age but
consistently higher than those seen in Thai children aged 2 to
15 years of age.

Higher CD81T-cell counts (birth to 4 years and 8-11 years) and
percentages (birth to 18 months and 2-7 years) were observed in
Thai compared with US children and also compared with Mala-
wian children for absolute counts from 0 to 17 months and 8 to
11 years and percentages from 0 to 5 months and 8 to 11 years.
These values were also higher among Malawian compared with
US children for certain age groups (6-17 months for absolute
CD81 T-cell counts and percentages and 2-4 years for percent-
ages only). B-cell and natural killer (NK) cell results are pre-
sented in the Results section in this article’s Online Repository
at www.jacionline.org.

In secondary analyses geometric mean ratios were predomi-
nantly consistent with the significance results from nonparametric
tests, with few apparent sex differences, although the power to
detect these differences was limited male (see Table E2 in this ar-
ticle’s Online Repository at www.jacionline.org).

This analysis of lymphocyte subsets of children from
countries within 3 different continents demonstrates a marked
heterogeneity in subset patterns of HIV-uninfected children, the
extent of which is most marked in children younger than 2
years. The differences in subset patterns might be driven by
several factors, including ethnicity, with participants from the 3
countries being of different ethnicities. Previous healthy control
studies in Asian and African subjects have reported smaller
proportions of CD41 T-cell subsets and larger proportions of
CD81 T-cell subsets in these populations compared with those
observed in populations in the developed world.2,7-10 However,
ethnic differences alone might not account for all subset differ-
ences because variations within specific ethnic groups have also
been reported.2,8,11,12 Environmental factors, particularly preva-
lent infectious diseases, might affect cellular phenotypic
patterns.13
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FIG 1. Box plots of total T-cell (A), CD41 T-cell (B), CD81 T-cell (C), and total B-cell counts (D) (box, 25th-75th
percentiles; line, median; whiskers, lowest and highest points within 1.5 3 the interquartile range) in chil-

dren by country cohort and age group. Pairwise comparisons between lymphocyte subset distributions

of children from each country were made in each age group by using a Mann-Whitney-Wilcoxon test,

and P values of less than .05 were considered significant. *Significant difference in the Malawian or Thai

(depending on the bar below the symbol) versus the US cohort. #Significant difference from the Malawian

cohort versus the Thai cohort. M, Malawian cohort; TH, Thai cohort; U, US cohort.
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The high median B-cell counts observed in Malawian children
in younger age groups, which have been reported in other African
cohorts,8,12 might be associated with malaria, which is prevalent
in Malawi but less common in Thailand and absent in the United
States. Children living in malaria-endemic areas are known to
exhibit expansion of atypical memory B cells, which are thought
to be driven by parasite antigens and could have beneficial
immune-modulating effects for the host.14 In contrast, Thailand
is a dengue-endemic area, with most Thai children being dengue
seropositive by 5 years of age,15 which could explain the pattern
of higher CD41 and CD81 T-cell and NK cell counts observed in
Thai children. As a likely confounding factor, participants in all 3
cohorts were screened for HIV, and those who were HIV seropos-
itive were not included in the analysis. It is also possible that the
prominent CD81 T cells and NK cells seen in Thai children could
result partly from air pollution.13 The cause underlying the diver-
sity between cohorts still remains speculative and deserves further
investigation. Limitations to this study include some differences
in the details of the flow cytometric methodologies used by the
3 countries and possible variation in the nutritional status of the
participants.

In conclusion, this study highlights that distinct patterns of
lymphocyte subsets exist between populations from different
countries with different ethnicities and exposed to different
environmental and nutritional factors. Therefore population-
specific healthy control subject reference ranges for different
lymphocyte subsets should be developed for the diagnosis and
monitoring of immunologic disorders.
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METHODS
Flow cytometric analyses are widely used for the diagnosis of primary

immune deficienciesE1 and, more recently, have been used more to facilitate

assessment of immunodeficiency in HIV infection and progression. CD4

counts and percentages are essential in the management of HIV infection

and initiation of antiretroviral therapy. CD4/CD8 ratios can be used to diag-

nosis HIV infection in HIV-exposed children less than 2 years of age instead

of molecular testing.E2-E4 This study compared lymphocyte subset data from

healthy children aged between 0 and 15 years recruited in previously pub-

lished studies.E5-E7

Lymphocyte subset data from a total of 1399 children (281 Thai children,

397 Malawian children, and 721 American children) aged between 0 and 2

years were collected and compared. Statistical analysis was conducted with

STATA 12 software (StataCorp, College Station, Tex). Consistent with our

previous work, categorical age groupings were made in 6-month intervals up

to 24 months of age and then in 3- or 4-year age bands from 2 to 7 years and 8

to 15 years of age, respectively. Pairwise comparisons between lymphocyte

subset count and percentage distributions of children from each country were

made in each age group by using a Mann-Whitney-Wilcoxon test. In a

secondary analysis log-transformed CD41 T-cell, CD81 T-cell, and B-cell

counts and percentages were used to calculate pairwise geometric mean ratios

within age bands and between countries, adjusting for sex. The proportion of

children who met 2006 World Health Organization HIV treatment guideline

CD4 count criteria for immune deficiencyE8,E9 were determined by using a

x2 test, using percentages for children 59 months of age or less, and counts

or percentages for those aged 5 to 15 years. No adjustments were made for

multiple comparisons; P values of less than .05 were considered significant.

RESULTS
Malawian children exhibited higher B-cell counts from 0 to 17

months of age (Fig 1, D) and from 0 to 11 months of age for per-
centages (Fig E1, D) than US children but had lower percentages
from 5 to 7 years of age. Thai children had lower B-cell counts
compared with American children from 5 to 7 years of age; in
addition, they had lower B-cell percentages from 12 months to
11 years of age. From 0 to 2 years of age, Malawian children
had higher B-cell percentages than Thai children and higher B-
cell counts from 12 to 18 months of age.

Thai children had higher NK cell counts (in 5 different age
groups) and percentages (in 5 different age groups) than
American children (Fig E2, A and B), but Malawian children
had higher NK cell counts and percentages compared with Amer-
ican children only in the 12- to 15-year age group. Relative toMa-
lawian children, NK cell counts were higher in Thai children aged
1 to 4 and 8 to 15 years, and NK percentages were higher in Thai
subjects aged greater than 12 months.

Compared with US children, Malawians from 0 to 18 months
and 2 to 4 years of age tended to have significantly lower CD4/
CD8 ratios (although the 8- to 11-year group had a significantly
higher ratio), whereas Thai children had lower CD4/CD8 ratios
than the US children for all age groups except aged 18 to 24
months (Fig E3). Although all study participants were HIV unin-
fected, a higher proportion of Malawian children less than 36
months of age and Thai children aged 12 to 35 months met
CD4 count immune deficiency criterion for HIV-infected children
than US children (Fig E4). This implies that in the Malawian and
Thai context it would not be appropriate or accurate to assume

that a low CD4 percentage alone, based on the World Health Or-
ganization criteria, is indicative of HIV infection.
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FIG E1. Box plots of total T-cell (A), CD41 T-cell (B), CD81 T-cell (C), and total B-cell (D) percentages in chil-

dren by country cohort and age group. Pairwise comparisons between lymphocyte subset distributions of

children from each country were made in each age group by using a Mann-Whitney-Wilcoxon test, and P

values of less than .05 were considered significant. *Significant difference in the Malawian or Thai versus

(depending on the bar below the symbol) the US cohort. #Significant difference from the Malawian cohort

versus the Thai cohort. M, Malawian cohort; TH, Thai cohort; U, US cohort.
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FIG E2. Box plots of NK cell counts and percentages in children by country cohort and age group. Statistical

analysis was done as for Fig E1. M, Malawian cohort; TH, Thai cohort; U, US cohort.

J ALLERGY CLIN IMMUNOL

VOLUME 134, NUMBER 3

LETTERS TO THE EDITOR 761.e3



FIG E3. CD4/CD8 cell ratios in children by country cohort and age group.

Statistical analysis was done as for Fig E1. M, Malawian cohort; TH, Thai
cohort; U, US cohort.
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FIG E4. Proportion of healthy children from each country meeting World

Health Organization 2006 treatment guideline case definitions for immune

deficiency: age 11 months or less, CD4 <35%; age 12 to 35 months, CD4

<30%; age 36 to 59 months, CD4 <25%; and age 5 years or greater, CD4

<500 cells/mm3. *P < .05 for the age group by using a x2 test.
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TABLE E1. Demographics of children in the Thai, Malawian, and American cohorts

Characteristic Thai cohort (n 5 281) Malawian cohort (n 5 397) US cohort (n 5 721)

Male sex, no. (%) 125 (44.48) 190 (47.86) 373 (51.73)

Age (y)*

Mean (SD) 5.1 (4.2) 3.9 (4.2) 3.5 (4.4)

Median (IQR) 4.3 (1.4, 8.3) 2.0 (0.9,5.5) 1.3 (0.4, 5.2)

Range (minimum-maximum) 0.0-15.2 0.1-15.9 0.0-15.9

Age group, no. (%)

0-5 mo 24 (8.54) 58 (14.61) 202 (28.02)

6-11 mo 25 (8.90) 51 (12.85) 113 (15.67)

12-17 mo 25 (8.90) 46 (11.59) 71 (9.85)

18-23 mo 26 (9.25) 45 (11.34) 36 (4.99)

2-4 y 54 (19.22) 89 (22.42) 76 (10.54)

5-7 y 52 (18.51) 36 (9.07) 77 (10.68)

8-11 y 52 (18.51) 42 (10.58) 89 (12.34)

12-15 y 23 (8.19) 30 (7.56) 57 (7.91)

Ethnicity 100% Thai 100% Black African 53% African American, 29% Hispanic,

17% Euro-Caucasian, 1% other

*Overall, Thai subjects were significantly older than those in the Malawian or US cohorts, and Malawian children were older than US children (P < .05 for all, pairwise Mann-

Whitney-Wilcoxon U tests).
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TABLE E2. Geometric mean ratios (95% CIs) for CD4, CD8, and B-cell counts and percentages

Age group Comparison GMR (95% CI) P value Comparison GMR (95% CI) P value Comparison GMR (95% CI) P value

CD4 cell count

0-5 mo US vs Thai 0.94 (0.79-1.11) .44 US vs Malawi 1.21 (1.08-1.37) .001 Malawi vs Thai 0.74 (0.62-0.89) .001

Female vs male 0.99 (0.89-1.1) .83 Female vs male 1.03 (0.93-1.14) .62 Female vs male 1.15 (0.98-1.36) .09

6-11 mo US vs Thai 0.73 (0.59-0.91) .005 US vs Malawi 1.09 (0.94-1.28) .25 Malawi vs Thai 0.66 (0.56-0.79) <.001
Female vs male 1.04 (0.87-1.23) .69 Female vs male 1.01 (0.87-1.17) .87 Female vs male 0.96 (0.8-1.13) .60

12-17 mo US vs Thai 0.86 (0.72-1.02) .09 US vs Malawi 1.04 (0.88-1.22) .65 Malawi vs Thai 0.81 (0.67-0.98) .03

Female vs male 1.11 (0.95-1.3) .20 Female vs male 1.26 (1.08-1.48) .004 Female vs male 1.26 (1.04-1.52) .02

18-23 mo US vs Thai 0.85 (0.71-1.02) .08 US vs Malawi 1.01 (0.86-1.19) .91 Malawi vs Thai 0.84 (0.73-0.97) .02

Female vs male 1.08 (0.9-1.29) .39 Female vs male 1.1 (0.93-1.3) .28 Female vs male 0.99 (0.85-1.14) .85

2-4 y US vs Thai 0.97 (0.83-1.13) .67 US vs Malawi 0.99 (0.88-1.12) .90 Malawi vs Thai 0.97 (0.86-1.11) .67

Female vs male 1.06 (0.91-1.23) .46 Female vs male 1.08 (0.96-1.23) .19 Female vs male 1.04 (0.92-1.18) .54

5-7 y US vs Thai 1.13 (1-1.28) .06 US vs Malawi 0.87 (0.75-1.01) .07 Malawi vs Thai 1.3 (1.13-1.5) <.001
Female vs male 1.11 (0.98-1.25) .10 Female vs male 1.17 (1.01-1.35) .03 Female vs male 1.13 (0.98-1.31) .08

8-11 y US vs Thai 0.98 (0.86-1.12) .78 US vs Malawi 0.88 (0.77-1) .04 Malawi vs Thai 1.11 (0.97-1.28) .13

Female vs male 1.04 (0.91-1.17) .58 Female vs male 0.94 (0.84-1.07) .35 Female vs male 1.14 (0.99-1.31) .07

12-15 y US vs Thai 1.03 (0.88-1.21) .73 US vs Malawi 0.91 (0.78-1.05) .20 Malawi vs Thai 1.15 (0.97-1.38) .11

Female vs male 1.11 (0.96-1.28) .17 Female vs male 1.28 (1.1-1.48) .001 Female vs male 1.22 (1.02-1.47) .03

CD4 percentage

0-5 mo US vs Thai 1.07 (0.97-1.18) .19 US vs Malawi 1.24 (1.16-1.33) <.001 Malawi vs Thai 0.86 (0.78-0.94) .002

Female vs male 0.97 (0.91-1.03) .29 Female vs male 0.98 (0.93-1.04) .61 Female vs male 0.99 (0.91-1.08) .83

6-11 mo US vs Thai 1.09 (0.99-1.2) .08 US vs Malawi 1.25 (1.16-1.34) <.001 Malawi vs Thai 0.87 (0.79-0.96) .006

Female vs male 1.06 (0.98-1.15) .13 Female vs male 1.05 (0.98-1.12) .20 Female vs male 1 (0.91-1.1) .97

12-17 mo US vs Thai 1.1 (0.99-1.22) .08 US vs Malawi 1.16 (1.05-1.27) .002 Malawi vs Thai 0.95 (0.85-1.06) .36

Female vs male 1.13 (1.03-1.25) .01 Female vs male 1.16 (1.05-1.27) .003 Female vs male 1.11 (0.99-1.25) .06

18-23 mo US vs Thai 1.07 (0.97-1.19) .18 US vs Malawi 1.05 (0.95-1.16) .31 Malawi vs Thai 1.02 (0.92-1.14) .68

Female vs male 1.14 (1.02-1.26) .02 Female vs male 1.09 (0.99-1.2) .08 Female vs male 1.17 (1.05-1.3) .006

2-4 y US vs Thai 1.11 (1.04-1.18) .002 US vs Malawi 1.01 (0.95-1.07) .76 Malawi vs Thai 1.09 (1.03-1.15) .004

Female vs male 1.03 (0.96-1.09) .45 Female vs male 1.04 (0.98-1.1) .16 Female vs male 0.99 (0.94-1.05) .74

5-7 y US vs Thai 1.12 (1.04-1.2) .003 US vs Malawi 0.95 (0.86-1.03) .21 Malawi vs Thai 1.18 (1.07-1.3) .001

Female vs male 1.13 (1.05-1.22) .001 Female vs male 1.11 (1.02-1.2) .02 Female vs male 1.08 (0.98-1.19) .10

8-11 y US vs Thai 1.11 (1.04-1.18) .003 US vs Malawi 0.92 (0.86-0.98) .009 Malawi vs Thai 1.21 (1.12-1.3) <.001

Female vs male 1.03 (0.97-1.1) .32 Female vs male 0.99 (0.93-1.06) .82 Female vs male 1.09 (1.01-1.18) .03

12-15 y US vs Thai 1.24 (1.14-1.35) <.001 US vs Malawi 1 (0.92-1.09) .99 Malawi vs Thai 1.25 (1.14-1.37) <.001
Female vs male 1.05 (0.97-1.14) .19 Female vs male 1.1 (1.01-1.19) .03 Female vs male 1.08 (0.98-1.19) .11

CD8 cell count

0-5 mo US vs Thai 0.73 (0.61-0.87) .001 US vs Malawi 0.93 (0.81-1.06) .26 Malawi vs Thai 0.75 (0.6-0.93) .009

Female vs male 0.99 (0.88-1.11) .81 Female vs male 1 (0.89-1.12) .97 Female vs male 1.17 (0.96-1.43) .12

6-11 mo US vs Thai 0.52 (0.41-0.65) <.001 US vs Malawi 0.69 (0.58-0.8) <.001 Malawi vs Thai 0.76 (0.61-0.94) .01

Female vs male 0.91 (0.75-1.1) .31 Female vs male 0.91 (0.78-1.05) .20 Female vs male 0.87 (0.7-1.07) .18

12-17 mo US vs Thai 0.63 (0.51-0.77) <.001 US vs Malawi 0.81 (0.68-0.96) .01 Malawi vs Thai 0.78 (0.62-0.96) .02

Female vs male 0.99 (0.83-1.19) .93 Female vs male 1 (0.84-1.18) .99 Female vs male 1 (0.81-1.24) .98

18-23 mo US vs Thai 0.71 (0.53-0.97) .031 US vs Malawi 0.87 (0.69-1.09) .23 Malawi vs Thai 0.81 (0.66-1.01) .06

Female vs male 0.83 (0.61-1.13) .23 Female vs male 0.96 (0.76-1.21) .71 Female vs male 0.76 (0.61-0.94) .01

2-4 y US vs Thai 0.8 (0.69-0.92) .002 US vs Malawi 0.89 (0.79-1.01) .07 Malawi vs Thai 0.89 (0.77-1.02) .08

Female vs male 1.06 (0.92-1.23) .39 Female vs male 1.04 (0.92-1.18) .51 Female vs male 1.05 (0.92-1.2) .44

5-7 y US vs Thai 0.9 (0.78-1.05) .17 US vs Malawi 0.89 (0.76-1.05) .17 Malawi vs Thai 1.01 (0.86-1.18) .91

Female vs male 0.98 (0.85-1.14) .81 Female vs male 1 (0.86-1.17) .97 Female vs male 0.95 (0.82-1.11) .55

8-11 y US vs Thai 0.85 (0.72-0.99) .04 US vs Malawi 1.03 (0.88-1.2) .71 Malawi vs Thai 0.82 (0.69-0.97) .02

Female vs male 1.02 (0.87-1.18) .84 Female vs male 0.96 (0.83-1.11) .55 Female vs male 1.01 (0.85-1.2) .90

12-15 y US vs Thai 0.84 (0.68-1.04) .11 US vs Malawi 0.96 (0.78-1.17) .66 Malawi vs Thai 0.9 (0.72-1.12) .35

Female vs male 1.18 (0.97-1.43) .09 Female vs male 1.33 (1.09-1.61) .005 Female vs male 1.19 (0.94-1.49) .15

CD8 percentage

0-5 mo US vs Thai 0.83 (0.73-0.94) .004 US vs Malawi 0.95 (0.87-1.03) .21 Malawi vs Thai 0.86 (0.75-0.99) .04

Female vs male 0.96 (0.89-1.04) .37 Female vs male 0.96 (0.89-1.03) .26 Female vs male 1.01 (0.89-1.14) .91

6-11 mo US vs Thai 0.77 (0.69-0.87) <.001 US vs Malawi 0.78 (0.71-0.87) <.001 Malawi vs Thai 0.99 (0.84-1.16) .88

Female vs male 0.93 (0.84-1.03) .14 Female vs male 0.94 (0.85-1.03) .18 Female vs male 0.91 (0.78-1.06) .22

12-17 mo US vs Thai 0.8 (0.71-0.91) .001 US vs Malawi 0.9 (0.8-1.01) .06 Malawi vs Thai 0.91 (0.79-1.05) .19

Female vs male 1.01 (0.91-1.14) .79 Female vs male 0.92 (0.82-1.02) .12 Female vs male 0.89 (0.77-1.02) .10

18-23 mo US vs Thai 0.9 (0.77-1.04) .16 US vs Malawi 0.9 (0.79-1.03) .12 Malawi vs Thai 0.99 (0.87-1.13) .89

Female vs male 0.87 (0.75-1.01) .07 Female vs male 0.95 (0.84-1.09) .49 Female vs male 0.9 (0.79-1.03) .11

2-4 y US vs Thai 0.91 (0.84-0.99) .03 US vs Malawi 0.91 (0.84-0.98) .01 Malawi vs Thai 0.99 (0.92-1.08) .86

Female vs male 1.03 (0.95-1.12) .45 Female vs male 1 (0.93-1.08) .96 Female vs male 1 (0.93-1.08) .94

5-7 y US vs Thai 0.89 (0.83-0.97) .007 US vs Malawi 0.97 (0.87-1.08) .54 Malawi vs Thai 0.91 (0.82-1.02) .09

Female vs male 1 (0.92-1.09) .97 Female vs male 0.95 (0.86-1.05) .31 Female vs male 0.91 (0.82-1.01) .08

(Continued)

J ALLERGY CLIN IMMUNOL

VOLUME 134, NUMBER 3

LETTERS TO THE EDITOR 761.e7



TABLE E2. (Continued )

Age group Comparison GMR (95% CI) P value Comparison GMR (95% CI) P value Comparison GMR (95% CI) P value

8-11 y US vs Thai 0.95 (0.88-1.04) .27 US vs Malawi 1.07 (0.98-1.17) .11 Malawi vs Thai 0.89 (0.81-0.97) .01

Female vs male 1.01 (0.93-1.1) .75 Female vs male 1 (0.92-1.09) .92 Female vs male 0.97 (0.88-1.06) .50

12-15 y US vs Thai 1.01 (0.88-1.16) .86 US vs Malawi 1.07 (0.94-1.21) .31 Malawi vs Thai 0.96 (0.84-1.09) .49

Female vs male 1.13 (1-1.28) .06 Female vs male 1.14 (1-1.29) .04 Female vs male 1.04 (0.91-1.19) .60

B-cell count

0-5 mo US vs Thai 0.8 (0.58-1.11) .18 US vs Malawi 0.65 (0.52-0.8) <.001 Malawi vs Thai 1.24 (0.96-1.6) .10

Female vs male 1.09 (0.89-1.35) .40 Female vs male 1.11 (0.92-1.33) .28 Female vs male 1.09 (0.86-1.38) .46

6-11 mo US vs Thai 0.73 (0.53-0.99) .04 US vs Malawi 0.72 (0.57-0.9) .004 Malawi vs Thai 1.02 (0.81-1.28) .86

Female vs male 0.91 (0.71-1.16) .45 Female vs male 0.93 (0.75-1.15) .51 Female vs male 1.07 (0.86-1.33) .55

12-17 mo US vs Thai 1.03 (0.84-1.27) .74 US vs Malawi 0.81 (0.67-0.98) .03 Malawi vs Thai 1.22 (0.96-1.56) .11

Female vs male 0.82 (0.68-0.98) .03 Female vs male 0.99 (0.81-1.19) .88 Female vs male 1.11 (0.87-1.41) .40

18-23 mo US vs Thai 0.9 (0.73-1.11) .34 US vs Malawi 0.86 (0.7-1.06) .15 Malawi vs Thai 1.05 (0.86-1.27) .64

Female vs male 1.01 (0.81-1.24) .96 Female vs male 0.98 (0.79-1.22) .87 Female vs male 0.84 (0.69-1.03) .09

2-4 y US vs Thai 1 (0.85-1.19) .97 US vs Malawi 1.07 (0.92-1.24) .40 Malawi vs Thai 0.94 (0.8-1.11) .47

Female vs male 1.07 (0.91-1.26) .43 Female vs male 1.04 (0.9-1.21) .58 Female vs male 1.09 (0.93-1.27) .30

5-7 y US vs Thai 1.2 (1.01-1.41) .03 US vs Malawi 1.1 (0.91-1.34) .34 Malawi vs Thai 1.1 (0.92-1.32) .28

Female vs male 0.95 (0.81-1.12) .55 Female vs male 0.99 (0.83-1.2) .96 Female vs male 1.05 (0.88-1.25) .59

8-11 y US vs Thai 1.03 (0.89-1.19) .73 US vs Malawi 1.05 (0.9-1.23) .52 Malawi vs Thai 0.97 (0.83-1.14) .72

Female vs male 0.96 (0.83-1.11) .57 Female vs male 0.91 (0.78-1.05) .19 Female vs male 0.99 (0.85-1.16) .93

12-15 y US vs Thai 0.74 (0.54-1.01) .06 US vs Malawi 0.85 (0.64-1.13) .25 Malawi vs Thai 0.86 (0.7-1.07) .17

Female vs male 0.92 (0.69-1.22) .55 Female vs male 0.98 (0.74-1.28) .87 Female vs male 1.21 (0.97-1.51) .10

B-cell percentage

0-5 mo US vs Thai 0.91 (0.7-1.18) .49 US vs Malawi 0.67 (0.56-0.79) <.001 US vs Malawi 1.41 (1.18-1.68) <.001

Female vs male 1.07 (0.91-1.26) .43 Female vs male 1.07 (0.92-1.24) .36 Female vs male 0.96 (0.82-1.12) .58

6-11 mo US vs Thai 1.08 (0.88-1.34) .46 US vs Malawi 0.82 (0.7-0.96) .01 US vs Malawi 1.33 (1.13-1.56) .001

Female vs male 0.93 (0.78-1.1) .40 Female vs male 0.96 (0.83-1.12) .62 Female vs male 1.12 (0.96-1.31) .16

12-17 mo US vs Thai 1.33 (1.16-1.52) <.001 US vs Malawi 0.91 (0.81-1.02) .10 US vs Malawi 1.43 (1.25-1.64) <.001
Female vs male 0.83 (0.74-0.94) .005 Female vs male 0.9 (0.8-1.01) .08 Female vs male 0.98 (0.86-1.12) .75

18-23 mo US vs Thai 1.14 (0.99-1.31) .07 US vs Malawi 0.93 (0.81-1.07) .28 US vs Malawi 1.23 (1.08-1.4) .002

Female vs male 1.06 (0.92-1.22) .43 Female vs male 0.93 (0.81-1.07) .31 Female vs male 0.95 (0.83-1.08) .39

2-4 y US vs Thai 1.15 (1.04-1.26) .005 US vs Malawi 1.09 (0.99-1.19) .07 US vs Malawi 1.06 (0.96-1.16) .27

Female vs male 1.04 (0.94-1.14) .46 Female vs male 1 (0.92-1.09) .98 Female vs male 1.04 (0.94-1.14) .46

5-7 y US vs Thai 1.19 (1.05-1.34) .006 US vs Malawi 1.19 (1.04-1.37) .01 US vs Malawi 1 (0.86-1.15) .97

Female vs male 0.97 (0.86-1.1) .62 Female vs male 0.94 (0.83-1.07) .36 Female vs male 1 (0.87-1.16) .95

8-11 y US vs Thai 1.16 (1.06-1.27) .002 US vs Malawi 1.1 (0.99-1.22) .07 US vs Malawi 1.05 (0.95-1.16) .31

Female vs male 0.96 (0.88-1.05) .33 Female vs male 0.95 (0.87-1.05) .34 Female vs male 0.95 (0.86-1.05) .34

12-15 y US vs Thai 0.89 (0.68-1.17) .41 US vs Malawi 0.94 (0.74-1.2) .61 US vs Malawi 0.92 (0.78-1.09) .35

Female vs male 0.88 (0.68-1.13) .31 Female vs male 0.84 (0.66-1.06) .14 Female vs male 1.06 (0.89-1.27) .49

Pairwise comparisons between country groups in each age group are shown, along with coefficients comparing female with male subjects.

GMR, Geometric mean ratio.
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