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Background: Ethnic differences have the potential to confound associations between HIV-1 subtype and immunologic progression.
We compared declines in CD4 cell counts during untreated infection for the most prevalent HIV-1 subtypes, focusing on distinguish-
ing between the effects of viral subtype and ethnicity.

Methods: We combined data from 4 European and 6 Canadian cohorts, selecting adults in the stable chronic phase of untreated HIV
infection. We estimated the change in square root CD4 cell count over time for subtypes and ethnicities using mixed models, adjust-
ing for covariates selected for their potential effect on initial CD4 cell count or its decline.

Results: Data from 9772 patients were analyzed, contributing 79 175 measurements of CD4 cell count and 24 157 person-years of
follow-up. Overall, there were no appreciable differences in CD4 cell count decline for viral subtypes A, CRFO1_AE, CRF02_AG, C
and G compared with viral subtype B; whereas the decline in CD4 cell count in patients of African ancestry was considerably slower
than in patients of other ethnicity. When ethnic groups were studied separately, there was evidence for slower declines in CD4 cell
count in viral subtypes C, and possibly A and G, compared with viral subtype B in patients of African ancestry but not among patients
of other ethnicities, suggesting an interaction between subtype and ethnicity.

Interpretation: Ethnicity is a major determinant of CD4 cell count decline; viral subtype differences may have existed but were small
compared with the effect of ethnicity and were most apparent in patients of African ancestry. In developing countries, slower CD4 cell
count declines among individuals of African descent may translate to a longer asymptomatic phase and increase the opportunity for
HIV transmission.

IV-1 has acquired extensive genetic diversity with 9

recognized subtypes (A-D, F-H, J and K) and

many circulating recombinant forms (CRFs).!?
Subtype B is the most studied because it is the predominant
virus in North America and Europe. Most (89%) HIV infec-
tions worldwide, however, originate from non-subtype-B
viruses, with subtypes C and A and recombinants CRFO1_AE
and CRF02_AG accounting for 73% of all HIV-1 infec-
tions.> Owing to patterns of immigration, a growing number
of HIV infections in developed countries are occurring in
migrant communities with HIV infection resulting from
viral subtypes other than subtype B,*’ with increasing trans-
mission of subtypes between ethnicities.® In Canada, the
other subtypes now account for about 15% of newly reported
HIV infections.”
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CD4 cell counts are both the primary prognostic marker
for HIV-related disease and the main indicator for starting
antiretroviral therapy. Worldwide use of antiretroviral therapy
is expanding, and it is important to understand whether differ-
ences in immunologic progression exist that might necessitate
subtype-specific monitoring and treatment guidelines. Sub-
type-specific estimates of CD4 cell count trajectories are also
essential for public health models used to predict the course of
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the HIV epidemic and are helpful for estimating what propor-
tion of persons born abroad acquire HIV infection in their
adopted country.?

HIV-1 diversity might affect immunologic progression
through differential interactions with the human host.”"* Deter-
mining subtype-specific effects on immunologic progression is
challenging:"* non—subtype-B viruses predominantly affect indi-
viduals of African descent, and several studies have suggested
that rates of decline in the CD4 cell count differ according to
ethnicity. Ethnic differences have the potental to confound any
association between viral subtype and immunologic progres-
sion.’*'” We conducted a Canadian and European collaborative
study to examine CD# cell count decline, according to the most
prevalent viral subtypes, in untreated patients who are in the sta-
ble chronic phase of HIV infection, and we focused on distin-
guishing between the effects of viral subtype and ethnicity.

Data collection
Ten cohorts or cohort collaborations were selected: 4 from
Europe and 6 from Canada (Table 1).!% The project was
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approved by the relevant scientific boards or steering commit-
tees. EuroSIDA omitted patients also enrolled in other con-
tributing cohorts. For each patient, we requested all available
CD4 cell counts in patients enrolled in the cohort until the
start of antiretroviral therapy, and the dates of any newly
acquired AIDS-defining illness or death.

Seven cohorts provided information on ethnicity using a
variety of classifications including race categories (e.g., black,
white, Asian and Aboriginal), country of origin or a combina-
tion of the two (Table 1); therefore, ethnicity was coded as
African ancestry, other ethnicity or unknown. French law
does not permit the ANRS CO3 Aquitaine cohort to collect
information on ethnicity or country of origin. Viral subtype
was determined by the REGA HIV-1 and HIV-2 automated
subtyping tool (version 2.0) based on HIV-1 pol sequences
during genotypic resistance testing or, in some earlier cases,
with the Subtype Analyzer tool.**

Our analysis was restricted to adults (age > 16 yr) enrolled
in the studies between January 1998 and June 2010 with a
known HIV-1 subtype and at least 2 CD# cell count measure-
ments within 1 year while they were naive to antiretroviral
therapy. We selected CD4 cell count measurements in patients

Table 1: Characteristics of cohorts included in this analysis
No. of patients contributing
Co-author CD4 cell counts
responsible

Cohort for data Unselected Selected Terminology used to assign ethnicity and region

Canadian'®®

Calgary J. Gill 79 62 Ethnicity (black, white, Aboriginal, Asian, other, missing)

Hamilton F. Smaill 30 7 Ethnicity (black, First Nations, white)

Country (no Caribbean countries for patients of African ancestry)

HOMER R. Hogg 1831 1112 Ethnicity (black, white, Asian, First Nations, hispanic, missing)

Montréal M. Klein 346 196 Country (patient assumed to be of African ancestry if country listed
is Burundi, Cameroon, Congo, Democratic Republic of the Congo,
Ethiopia, Gabon, Guinea, Ivory Coast, Morocco, Mali, Rwanda,
Senegal, South Africa, Chad or Zimbabwe, or the Caribbean
countries of Barbados, Dominican Republic, Haiti, Jamaica,
Martinique or Saint Lucia)

Ottawa C. Cooper 65 50 Country (patient assumed to be of African ancestry if the country
listed is Angola, Burundi, Congo, Ethiopia, Haiti, Rwanda, Somalia
or Zambia)

Toronto S. Walmsley 187 125 Ethnicity (black, white, Asian, south Asian, other, missing)
Country (Barbados, Cuba, Dominica, Grenada, Haiti, Jamaica,
Trinidad and Tobago listed)

European

Aquitaine® F. Dabis 442 348 Not available

EuroSIDA?! A. Cozzi-Lepri 349 267 Ethnicity (black, white, Asian, missing)

Country (no Caribbean countries for patients of African ancestry)

SHCS?* B. Ledergerber 2802 2087 Ethnicity (black, white, hispanic, asian, other, missing)

Region (Caribbean)

UK CHIC* C. Sabin 7551 5518 Ethnicity (black, white, Indian, other, missing)

Country (Barbados, Bermuda, Cuba, Jamaica, Saint Kitts and
Nevis listed)
Note: HOMER = HAART Observational Medical Evaluation and Research study, SHCS = Swiss HIV Cohort Study, UK CHIC = UK Collaborative HIV Cohort study.
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who were within a stable chronic phase of untreated HIV
infection. Various strategies have been used in studies of CD4
cell count decline to exclude measurements made in the acute
or late phases of infection.!®17:25:26 In this study, we omitted any
patient with a first AIDS event either before or within 3
months after their first CD4 cell count measurement; these
patients were likely to be late presenters. To avoid including
CD#4 cell count measurements made during acute infection, we
removed measurements within 6 months of documented sero-
conversion (known only for 15% of patients) and measure-
ments < 100 cells/uL at the beginning of a series; these mea-
surements may reflect the rapid CD#4 cell count decline that
occurs immediately after seroconversion before the immune
system responds to infection. To avoid including measure-
ments made in late-stage infection, we ended a patient’s series
when the first of 2 consecutive measurements fell below 100
cells/uL.. Consecutive measurements at both the beginning
and end of the series had to be at least 2 months and no more
than 12 months apart to avoid remeasurement (where a second
measurement was made to check a first) or measurement
prompted by clinical deterioration (where a patient lost to
follow-up returned because of poor health).

Statistical analysis
Patients were followed from the time of the first CD4 cell
count measurement in their series until the start of antiretro-

Patients meeting inclusion criteria
n =14 092

— Excluded n = 410

* Patients with HIV-1 subtype D, n = 114

 Patients with HIV-1 subtype F, n = 88

* Patients with other (uncommon) HIV-1 subtypes, n = 20
* Patients with other CRFs, n = 188

4

Patients with common HIV-1 subtypes
A, CRF01_AE, CRF02_AG, B, C or G*
n=13682

— Excluded n =3 910

* Patients who were late presenters, n = 964
« Patients with < 2 CD4 cell counts within a
stable phase of infection, n = 2946

A4

Patients with CD4 cell counts within
a stable chronic phase of untreated
infectiont
n=9772

— Excludedn =1 162

* Unknown ethnicity (includes all 348 [3.6%)] patients in the
Aquitaine cohort), n =1 093 (11%)

* No initial HIV RNA measurement, n = 66 (0.7%)

* Unknown ethnicity and no initial HIV RNA measurement, n = 3

Y

Patients included in analysis
n=28610

Figure 1: Selection of study cohort. *At least 100 patients available
per subtype with CD4 cell counts within the stable chronic phase of
untreated infection. fIncludes patients with ethnicity assigned based
on country of origin, n = 246 (2.5%) (Table 1).
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viral therapy, the last CD4 cell count measurement in their
series or death. In the main analysis, we compared CD4 cell
counts (square root transformed to stabilize the variance) over
time for the most common (at least 100 patients available)
HIV-1 subtypes (A, CRFOI_AE, CRF02_AG, B, C and G)
using a mixed linear regression model. This mixed model
included both patient-specific random intercepts and random
slopes over time to allow for heterogeneity in patients’ initial
CD4 cell counts and subsequent declines. In the main analy-
sis, models were adjusted for covariates selected because of
their potential effect on initial CD4 cell count (age, sex, eth-
nicity, initial HIV RNA, injection drug use as the likely mode
of transmission and cohort) or on CD4 cell count decline
(age, sex, ethnicity, initial HIV RNA and injection drug use as
the likely mode of transmission). In a descriptive analysis of
ethnic and subtype effects, we plotted random effects repre-
senting each patient’s estimated CD#4 cell count decline from
a mixed model without ethnicity or subtype slope parameters.
We also report CD#4 cell count intercept and slope estimates
for each subtype from mixed models fit to untransformed
data, because rates of CD#4 cell count decline are easier to
interpret on the original scale than on a square root scale.

We explored the results from our main analysis in a variety
of sensitivity analyses. First, the main analysis model was refit
to all CD#4 cell counts since January 1998 without further
selection (to include measurements made in both the acute
and advanced stages of infection). Second, separate mixed
models were fit for patients of African and other ethnicities.
Third, the main analysis model was fit as part of a joint model,
together with an exponential model for the time taken to start
antiretroviral therapy.”’” The joint model allows for informa-
tive censoring if the CD#4 cell count series are shorter for
some subtypes because patients with these subtypes start
therapy at higher CD#4 cell counts. Finally, we varied the
covariates and cohorts in the analysis because not all cohorts
were able to provide all covariates of interest.

Clinical events, such as time to a first AIDS-defining illness
and death before starting antiretroviral therapy, were summa-
rized according to viral subtype and ethnicity. No formal
analyses were conducted because of the small numbers of
events and the potential for bias due to unobserved events
before cohort enrolment.

We used SAS 9.2 (SAS Institute, Cary, North Carolina)
for all analyses.

A total of 14 092 patients met the inclusion criteria: 13 682
patients had one of the subtypes A, CRF01_AE, CRF02_AG,
B, C or G (Figure 1). After applying CD4 cell count selection
criteria, 9772 patients remained, contributing 79 175 CD4
cell count measurements and 24 157 person-years of follow-
up with a median of 6 CD4 cell count measurements per
patient (interquartile range [IQR] 3-11). For most patients,
CD#4 cell count measurements were censored either by the
patient starting antiretroviral therapy (37%) or by irregular
measurement at the end of the series (33%), but 144 patients



(1.5%) reached a CD4 cell count of < 100 cells/ul. without
starting antiretroviral therapy, and 22 patients (0.2%) died.
Subtype B accounted for most of the HIV-1 infections
(81.2%) followed by subtypes C (8.4%), A (3.6%), CRF02_AG
(3.6%), CRFO1_AE (2.0%) and G (1.1%) (Table 2). The
demographic and clinical characteristics of the other viral sub-
types were similar, with the exception of CRFO1_AE. Non—
subtype-B infections were found principally among patients of
African ancestry, whereas subtype B and CRF01_AE infec-
tions were found among those of other ancestries. Both initial
CD#4 cell counts and initial HIV RNA were higher in patients
with HIV-1 infections caused by subtypes CRFO1_AE or B.
For the main analysis, we omitted 1162 patients because
either their ethnicity or initial HIV RNA was unknown
(Figure 1). Patients of unknown ethnicity had characteristics
similar to those of other ethnicities (Table 3). In the main
analysis, patients of African ancestry had an appreciably
slower rate of CD4 cell count decline compared with
patients of other ethnicities (Table 4). Differences between
viral subtypes, however, were minor compared with the dif-
ference between the 2 ethnic categories. Subtype differences
became apparent when the main analysis model was fit to
unselected CD#4 cell counts, with appreciably slower declines
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in cell counts in patients with viral subtypes A, C and
CRF02_AG compared with patients with viral subtype B. If
ethnicity was ignored in an analysis of selected CD4 cell
counts, then these 3 subtypes appeared to have slower
declines than patients with viral subtype B. In our descrip-
tive analysis of ethnicity and viral subtype effects, patients of
African ancestry had slower declines among all subtypes
compared with patients of other ethnicities (Figure 2),
including within subtype B (although no conclusion can be
drawn about subtype CRF01_AE). In an exploratory analysis
of patients with subtype B, patients of African ancestry from
Caribbean countries appeared to have a CD4 decline inter-
mediate between other patients of African ancestry and
patients of other ethnicities (Figure 3).

In sensitivity analyses, we fit separate models for patients
of African and other ethnicities (Table 4). The results from
these analyses suggest little difference between subtypes in
patients of other ethnicities, but patients of African ancestry
with viral subtype C and possibly subtypes A and G showed
slower declines compared with viral subtype B. Only viral
subtype CRF01_AG appeared to have a similar effect in both
ethnic groups. This amounts to an interaction between the
effects of subtype and ethnicity; however, we did not have

Table 2: Baseline characteristics of the study population by HIV-1 subtype: median or proportion of column total; numbers in
parentheses represent missing observations
HIV-1 subtype

Variable A CRFO1_AE CRFO1_AG B C G Total
Total cases 356 193 352 7937 822 112 9772
Age, yr, median 34 38 34 35 33 33 35
Sex, female 0.53 0.24 0.57 0.11 0.59 0.48 0.19
Likely mode of transmission

Heterosexual 0.70 0.58 0.74 0.10 0.71 0.71 0.21

Men who have sex with men 0.14 0.32 0.12 0.67 0.09 0.15 0.57

Injection drug use 0.06 0.03 0.00 0.12 0.02 0.08 0.11

Other or unknown 0.10 0.08 0.14 0.1 0.18 0.06 0.1
African ancestry 0.49 (20) 0.03 (13) 0.60 (52) 0.05 (973) 0.72 (30) 0.55(8)  0.15 (1096)
Hepatitis C co-infection 0.10 (43) 0.06 (18) 0.03 (22) 0.18(1094)  0.04 (172)  0.13(15)  0.16 (1364)
Hepatitis B co-infection 0.05 (42) 0.03 (19) 0.06 (31) 0.04 (1550)  0.04 (163)  0.02 (14) 0.04 (1819)
Calendar year of cohort enrolment

Before 2000 0.15 0.09 0.06 0.22 0.07 0.07 0.20

2000-2004 0.44 0.39 0.38 0.38 0.39 0.28 0.39

2005-2009 0.41 0.51 0.56 0.39 0.54 0.65 0.42
No. of CD4 cell count 6 6 5 6 5 5 6
measurements, median
CD4, cells/uL, median 420 450 440 470 400 420 460
CD4%, median 24 (73) 27 (32) 24 (42) 26 (901) 23 (143) 23 (17) 26 (1208)
CD8, cells/uL, median 910 (82) 900 (39) 860 (50) 930 (1125) 900 (177) 850 (18) 920 (1491)
HIV RNA, log copies/mL, median 4.1 (13) 4.2 (1) 4.1 (2) 4.4 (44) 4.0 (9) 41 4.3 (69)
Follow-up time, yr, median 1.59 1.78 1.40 175 1.39 1.51 1.69
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Table 3: Baseline characteristics of the study population by patient ethnicity: median or proportion of column total;
numbers in parentheses represent missing observations
African ancestry Other ethnicity Unknown ethnicity Total

Variable n=1303 n=7373 n =1096 n=9772
Age, yr, median 33 35 36 35
Sex, female 0.55 0.12 0.19 0.19
Likely mode of transmission

Heterosexual 0.68 0.14 0.13 0.21

Men who have sex with men 0.15 0.68 0.35 0.57

Injection drug use 0.01 0.1 0.17 0.11

Other or unknown 0.15 0.07 0.36 0.11
Hepatitis C co-infection 0.03 (201) 0.18 (810) 0.19 (353) 0.16 (1364)
Hepatitis B co-infection 0.06 (192) 0.04 (1078) 0.02 (549) 0.04 (1819)
Calendar year of cohort enrolment

Before 2000 0.09 0.21 0.22 0.20

2000-2004 0.40 0.38 0.43 0.39

2005-2009 0.51 0.41 0.35 0.42
No. of CD4 cell count measurements, median 5 6 5 6
CD4 cell count, cells/uL, median 400 470 470 460
CD4%, median 23 (225) 26 (932) 26 (51) 26 (1208)
CD8 cell count, cells/uL, median 880 (275) 940 (1163) 900 (53) 920 (1491)
HIV RNA, log copies/mL, median 4.0 (10) 4.4 (56) 4.5 (3) 4.3 (69)
Follow-up time, yr, median 1.42 1.76 1.56 1.69

Table 4: Change over time in square root CD4 cell count by HIV-1 subtype and patient ethnicity

Slope estimate (95% ClI)

Selected CD4 cell counts*®

Unselected CD4 cell
countst

All patients included in analysis

Only patients of
African ancestry
included in analysis

Only patients of other
ethnicity included in
analysis

All patients included in
analysis

Mixed modelt

With ethnicity Without ethnicity

With ethnicity

Change per year: patients of other ethnicity with viral subtype B

123 (-127t0-119)  -121 (-1.25t0-1.17)

Viral subtype

A 0.06 (-0.13to 0.25) 0.21 (0.02 to 0.39)

AE -0.03 (-0.26 to 0.21) —-0.05 (-0.28 to 0.19)

AG 0.17 (-0.04 t0 0.39) 0.34 (0.13t0 0.55)

c 0.11 (-0.04 t0 0.27) 0.32 (0.19 to 0.46)

G 0.02 (-0.32t0 0.36) 0.19 (-0.14 t0 0.52)
African ancestry 0.37 (0.251t0 0.50)

-0.88 (~1.03 t0 -0.73)

0.22 (=0.04 t0 0.49)
32 (-8.6102.2)§
0.26 (~0.02 to 0.54)
0.32 (0.12100.52)

0.46 (0.06 to 0.86)

-123 (-1.27 to -1.19)

Difference in change per year compared with the change in patients of other ethnicity with viral subtype B

0.03 (-0.22 to 0.28

-0.04 (-0.28 t0 0.20
0.24

-0.02

(- )
(- )
(~0.08 to 0.55)
(-0.24 10 0.20)
(- )

-0.42 (-0.92 to 0.09

-135 (-1.40 to -1.31)

0.30 (0.10 to 0.49)
(-0.23 10 0.28)
(0.00 to 0.46)

)

(0.15 t0 0.47

0.03
0.23
0.31
0.00 (-0.37 to 0.36)
0.44 (0.31100.57)

Note: Cl = confidence interval.

1Al CD4 cell counts for patients aged 16 years and older after January 1998.

*Patients aged 16 years or older after January 1998 with CD4 cell counts likely to be within the stable phase of chronic untreated HIV infection.

}Mixed model with a random intercept and random slope for each patient. All cohorts except Aquitaine. With intercepts for cohort and with both intercepts and slopes for
age, sex, ethnicity, initial HIV RNA, and injection drug use as the likely mode of transmission.
§Few patients of African ancestry had viral subtype AE; therefore, this point estimate is unreliable.
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Figure 2: Estimated CD4 cell count slope decline for each patient. Random effects representing each patient's CD4 cell count decline
(compared with the average) estimated in a mixed model without ethnicity or subtype slope parameters but adjusted for covariates. All
cohorts are included in the model except Aquitaine. Grey shading = patients of African ancestry, white shading = patients of other
ethnicities, + = mean.
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Figure 3: Estimated decline in CD4 cell count slope for each patient with viral subtype B. Random effects represnting each patient’s
CD4 cell count decline (compared with the average) estimated in a mixed model without ethnicity or subtype slope parameters but
adjusted for covariates. All cohorts are represented in the model except Aquitaine; however, the only patients shown in this plot
have HIV subtype B. Grey shading = patients of African ancestry, white shading = patients of other ethnicities, + = mean.
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sufficient data to estimate this interaction in a single model.
Our data suggest that there is little variation between viral
subtypes in both initial CD4 cell count and its decline in
patients of other ethnicities (Table 5). Model parameters
imply that it would take a reference patient of African ances-
try with viral subtype C 1.2 years to reach a threshold of 350
cells/pLL and 9.3 years to reach a threshold of 200 cells/pL,
whereas a reference patient of another ethnicity with viral
subtype B would take 2.5 years to reach a threshold of 350
cells/pLL and 6.2 years to reach a threshold of 200 cells/pL
(footnote to Table 5). Figure 4 shows the estimated average
CD#4 cell count decline over 5 years in patients of African
ancestry with viral subtype C and in patients of other ethnici-
ties with viral subtype B.

Estimates of CD#4 cell count decline did not change appre-
ciably in a joint model (Table 6). In the longitudinal compo-
nent of the joint model, lower initial CD4 cell count and
more rapid decline were associated with older age, female sex,
injection drug use as the likely mode of transmission and
higher initial HIV RNA. In the time-to-event component of
the joint model, earlier antiretroviral therapy was associated
with older age, female sex, higher initial HIV RNA, more
recent calendar time and African ancestry. There was no evi-
dence from this model that viral subtype and ethnicity slope

estimates were biased by informative censoring because of
early antiretroviral therapy.

In other sensitivity analyses, we added a time-dependent
CD8 cell count (not available from the EuroSIDA cohort); we
replaced injection drug use as the likely mode of transmission
with covariates for hepatitis C and chronic hepatitis B virus
co-infection (not available from the HAART Observational
Medical Evaluation and Research Study (HOMER) cohorrt).
Subtype and ethnicity slope estimates were not materially
different in these analyses.

We report clinical outcomes using unselected CD4 cell
count series (Table 7) because selected series were often cen-
sored by irregular measurement. There were no appreciable dif-
ferences between viral subtypes and ethnicities in either the pro-
portion of patients starting antiretroviral therapy or the median
CD4 cell count when starting. However, the median time taken
to start antiretroviral therapy was shorter among patients of
African ancestry (0.51 v. 1.27 yr; Table 7), consistent with their
lower initial CD4 cell count (400 v. 470 cells/pL; Table 3).
Within each viral subtype, no more than 14% of patients had an
AIDS-defining illness, and 1% of patients died during a median
follow-up at around 2 years. There was no obvious relation
between the number of these clinical events and the rate of CD4
cell count decline by either viral subtype or ethnicity.

Table 5: Initial CD4 cell count and change over time by HIV-1 subtype

CD4 cell count, cells/uL

HIV-1 infection subtype

Initial* (95% CI)

Change per yeart (95% Cl)

Mixed model for patients of African ancestry

B 477 (447 to 507) -35 (-42t0-28)
A 392 (353 to 430) —23 (-35t0-12)
AE 348 (173 to 523)% —146 (-386 to 95)F
AG 398 (361 to 435) —23 (-35to0—11)
C 395 (366 to 425) -19 (27 to—-11)
G 413 (361 to 465) —-13 (-31t05)
Mixed model for patients of other ethnicities

B 492 (469 to 516) —49 (=51 to —47)
A 480 (441 to 519) —49 (-59 to —38)
AE 484 (447 t0 522) —-50 (—60 to —40)
AG 505 (462 to 548) —41 (-54t0-27)
o] 489 (454 to 524) 52 (-62 to —43)
G 468 (406 to 530) —60 (-82to—38)

would take 6.2 yr.

Note: Separate mixed models were fit to the original CD4 cell counts for patients of African ancestry and other ethnicities,
with a random intercept and random slope for each patient. Cl = confidence interval.

*Covariate adjustment implies a reference patient treated in a Canadian cohort who is male, 35 years old, not infected
through injection drug use and with an initial HIV RNA measurement of 4 log 10 copies.

tFor example, these estimates imply that a reference patient of African ancestry with viral subtype C and a CD4 cell count
of 395 cells/uL would take, on average, 2.4 yr to reach a CD4 cell count below 350 cells/uL ((395 — 350)/19), whereas a
reference patient of another ethnicity with viral subtype B and a CD4 cell count of 492 cells/uL would take, on average, 2.9
yr to reach this threshold ((492 — 350)/49). Applying the mixed models for square root CD4 cell count to the first of these
two patients, it would take 1.2 yr for the first patient to reach a threshold of 350 cells/uL, whereas the second patient would
take 2.5 yr. However, the first patient would take 9.3 yr to reach a threshold of 200 cells/uL, whereas the second patient

tFew patients of African ancestry had viral subtype AE, therefore, these point estimates are unreliable.
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Main findings

The study explores the effects of both viral subtype and ethnic-
ity on CD4 cell count decline in untreated patients during the
chronic phase of HIV infection."* We focused on the chronic
phase because it is the longest period of untreated HIV infec-
tion. We were able to compare all of the predominant sub-
types directly with one another. Indeed, the proportions of
viral subtypes studied (other than B) mirrored their propor-
tions in the worldwide HIV epidemic.’ We found that ethnic-
ity is the major determinant of CD4 cell count decline; viral
subtype differences may exist but were small compared with
the effect of ethnicity and were most apparent in patients of
African ancestry. Patients of African ancestry had slower rates
of CD4 cell count decline overall. Although the viral subtypes
other than B, with the exception of CRFO1_AE, appeared to
be associated with slower CD#4 cell count decline in models
that did not include a slope for African ancestry, these effects
were greatly attenuated once this slope was included. Further-
more, in plots of CD4 cell count decline by viral subtype and
ethnicity, patients of African ancestry had slower rates of CD4
cell count decline within each viral subtype, including within
viral subtype B. Together these results suggest that differences
between viral subtypes are small compared with the broader
effect of ethnicity on immunologic progression. Failure to
account for ethnicity in the evaluation of viral subtype effects
could potentially lead to erroneous conclusions.

OPEN

Strong associations between viral subtype and ethnicity
exist. Only 5% of patients with viral subtype B and 3% of those
with CRFO1_AE infection were of African ancestry compared
with more than 50% of those infected with other subtypes. We
therefore examined the effects of viral subtype in each ethnic
group separately. Among patients of other ethnicities, there was
little evidence for an effect of viral subtype on immunologic
progression. In contrast, patients of African ancestry with viral
subtype C (and possibly A, CRF02_AG and G) may have
slower rates of decline in cell count compared with patients of
African ancestry with viral subtype B. This suggests viral sub-
type may have different effects depending on ethnicity.

Explanation and comparisons with other studies

Indeed, biological differences between viral subtypes do exist
that might affect immunologic progression. For example,
coreceptor use varies among viral subtypes, with A and C pre-
dominantly using the coreceptor (RS5) that is associated with
slower disease progression, and viral subtype C has lower rep-
licative fitness when compared with other viral subtypes in
vitro.* Observational studies also support differences in dis-
ease progression among patients of African ancestry with
infections of differing viral subtype. For example, faster
immunologic progression has been reported in patients from
Uganda and Kenya with viral subtype D compared with viral
subtype A.?83% Co-evolution of HIV-1 subtypes and African
populations may reduce the virulence of more dominant viral
subtypes, such as subtype C, possibly leading to an interaction
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Figure 4: Estimated average CD4 cell count over 5 years. The average CD4 cell count estimated (A) in patients of African ancestry with viral
subtype C and (B) in patients of other ethnicities with viral subtype B. Estimates were made using separate mixed models: one for patients of
African ancestry and one for patients of other ethnicities and represent CD4 cell counts in a male patient with infection not transmitted by
injection drug use and with age and initial HIV RNA set at the median for that ethnicity and subtype. CD4 cell count trajectories are shown for a
10% sample of patients of African ancestry with viral subtype C and for a 1% sample of patients of other ethnicities with viral subtype B.
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between viral subtype and ethnicity.? In the absence of anti-
retroviral therapy, which is still the reality for most people
infected with HIV in Africa, our results suggest that a patient
of African ancestry with a non—subtype-B infection could take
considerably longer to reach a CD4 cell count of 200 cells/pL.

(9.3 v. 6.2 yr; Table 5), the level at which the risk of AIDS
increases, thus prolonging the asymptomatic period and
increasing the opportunity for HIV transmission.’!*? Because
of the small number of clinical events and deaths, we were not
able to determine if differences in CD4 cell count decline
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Table 6: Estimates for square root CD4 cell count decline using the main mixed model and for time to
initiation of antiretroviral therapy using an exponential accelerated failure time (AFT) model, as separate
models and as a joint model (patients from the Aquitaine cohort are excluded from all models)

Variable

Separate model estimate

(95% Cl)

Joint model estimate
(95% Cl)

Mixed model
Starting CD4 cell count, cells/uL*t
Reference patient*
Female
Injection drug uset
Age (per 10 yr)
Log,, HIV RNA (per log copy)
Cobhort (reference ROC)t

~0.20 (~0.49 to 0.08)

—1.16 (~1.50 to —0.82)
~0.19 (=0.29 to —0.08)
—1.51 (~1.62 to —1.40)

21.88 (21.47 to 22.29)
(

EuroSIDA 155 (0.881to0 2.21)
HOMER —0.77 (-1.32 10 —0.23)
SHCS 1.10 (0.66 to 1.55)
UK CHIC 0.82 (0.41 to 1.24)
Viral subtype (reference subtype B)
A —0.69 (-1.20to —0.18)
AE —0.24 (-0.88 t0 0.40)
AG —0.43 (-0.98 to 0.11)
C —0.78 (-1.18 to —0.38)
G§ —0.58 (-1.431t00.27)
African ancestry -1.57 (—1.91 to —1.23)

Rate of CD4 cell count decline, (cells/uL)/yrt
Reference patient*
Female
Injection drug uset
Age (per 10 yr)
Log,, HIV RNA (per log copy)
Subtype (reference subtype B)
A

AE
AG
C
G§
African ancestry
AFT model
Reference patient*
Female
Injection drug uset
Age (per 10 yr)
LOg1o HIV RNA
Cohort (reference ROC)t
EuroSIDA
HOMER
SHCS
UK CHIC
Calendar time (per 10 yr)
African ancestry
CD4 cell count (square root)

—1.23 (-1.27 to —1.19)
~0.08 (-0.19 t0 0.02)
—0.10 (~0.22 t0 0.02)
~0.09 (~0.13 to —0.05)
—0.28 (~0.32 to —0.23)

0.06 (~0.13 to 0.25)
~0.03 (0.26 t0 0.21)
0.17 (0.04 to 0.39)
0.1 (~0.04 t0 0.27)
0.02 (~0.32 t0 0.36)
0.37 (0.25 to 0.50)

1.60 (1.4 to 1.76)
—0.21 (0.31 to —0.11)

0.04 (~0.08 t0 0.17)
~0.07 (~0.11 to —0.03)
~0.37 (-0.41 10 —0.32)

0.01 (~0.24 to 0.26)
—0.14 (-0.35 10 0.07)
—0.10 (~0.28 t0 0.07)

0.54 (0.37t00.71)
~0.66 (~0.78 to —0.53)
—0.10 (-0.21 t0 0.02)

0.12_ (0.11100.13)

22.02 (21.60 to 22.43)
~0.24 (-0.51 t0 0.04)

—1.12 (-1.49 to —0.78)
~0.18(=0.29 to —0.07)
—1.51 (-1.62 to —1.40)

1.36 (0.69 to 2.03)
~0.98 (~1.53 to —0.43)
0.95 (0.50 to 1.39)
0.71 (0.29 to 1.13)

~0.63 (-1.12 to —0.14)
~0.20 (-0.81 to 0.40)
~0.39 (-0.91 to 0.13)
~0.71 (~1.10 to —0.33)

~1.60 (~1.94 to —1.25)

~1.29 (-1.34 to —1.25)
~0.13(~0.23 to —0.02)
—0.16 (~0.28 to —0.04)
—0.11 (~0.15 to —0.07)
~0.30 (~0.34 to —0.26)

0.08 (-0.10 t0 0.26)
—0.01 (-0.24 t0 0.21)
0.17 (~0.04 1o 0.38)
0.14 (0.0 to 0.29)

0.29 (0.17 o 0.42)

1.81 (1.62 to 2.00)
~0.26 (-0.38 to —0.15)
~0.05 (0.9 t0 0.10)
—0.11 (~0.15 to —0.06)
—0.54 (=0.60 to —0.48)

0.05(~0.23 to 0.33)
—0.10 (~0.34 t0 0.14)
~0.02(0.21 to 0.18)

0.62 (0.43t0 0.81)
~0.34 (~0.47 to —0.21)
~0.33 (-0.47 t0 —0.19)

0.02 (0.00 to 0.04)

Note: EuroSIDA is a prospective observational cohort study in 33 European countries and Israel and Argentina. HOMER = HAART
Observational Medical Evaluation and Research study, SHCS = Swiss HIV Cohort Study, UK CHIC = UK Collaborative HIV Cohort study.
*Covariate adjustment implies a reference patient treated in a Canadian cohort, male, 35 years old, not infected through injection drug use,

with a starting HIV RNA of 4 log 10 copies, infected with viral subtype B and not of African ancestry.

1The most likely mode of HIV transmission.

}Rest of Canada (ROC; Calgary, Hamilton, Montréal, Ottawa and Toronto cohorts).

§A joint model including patients with viral subtype G gave implausible parameter estimates.
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would translate into different risks of AIDS or mortality for
people of different ethnicities.

Several previous studies in both incident**** and preva-
lent*!®!7 cohorts have shown that African ancestry is associ-
ated with slower rates of CD#4 cell count decline, but with
one exception,* have not included viral subtype and ethnicity
in the same analysis.'"* Yet, it remains unclear how ethnicity
could affect the underlying pathogenesis of HIV infection.**
Those patients classified as being of African ancestry in our
study came from a large number of African and Caribbean
countries, suggesting no single host characteristic is likely
to be responsible for differences in disease progression. Dif-
ferential patterns of migration and racial admixture in
Caribbean populations should reduce differences owing to
ethnicity; this was shown in an analysis where patients from
Haiti and patients from Canada (both sets of patients with
subtype B infection) had similar rates of CD4 cell count
decline, which were faster than the rate observed among
recent immigrants from Africa.*® In our study, patients with
subtype B infection from the Caribbean appeared to have
rates of CD#4 cell count decline intermediate to rates of CD4
cell count decline in patients with subtype B infection from
Africa and other countries.

Individuals of similar ethnicity do share genetic character-
istics that have been associated with HIV disease progression.
Examples include protective human leukocyte antigen haplo-
types, chemokine and chemokine receptor polymorphisms,
and mutational variants in genes involved in immune regula-
tion.’”’® It is also possible that ethnicity simply serves as a
marker for socioeconomic, cultural and environmental factors
that may influence immunologic progression.’! In our study,
patients of African ancestry were more likely to be female and
of child-bearing age, have lower initial CD4 cell counts and to
have started antiretroviral therapy sooner. However, our joint

OPEN

model showed no evidence of informative censoring owing to
early antiretroviral therapy. The healthy migrant effect is an
alternate explanation for differences between patients of Afri-
can ancestry and other ethnicities receiving health care in
developed countries,’” but this does not explain reported dif-
ferences in patients from Africa or the United States.!>163%%0
In our study, adjustment for time-updated CD8 cell count, a
crude marker of immune activation, or for hepatitis co-infection
did not affect estimates of differences in CD#4 cell count
decline. A healthy migrant effect implies that ethnic differ-
ences should be attenuated after adjusting for comorbidities.

Limitations

Our classification of ethnicity was rudimentary based on dif-
ferent classifications in each cohort or, for 2 cohorts, derived
from country of origin, and ethnicity was unknown for 11%
of patients. We also had insufficient patients of Asian ancestry
to pursue a separate study. Patients included in this study
were undergoing treatment in countries with publicly funded
health care, minimizing the potential effects of health care
access and quality on immunologic progression, but our
results might not be generalizable to resource-limited set-
tings. We did not have enough patients with other viral sub-
types linked to faster CD#4 cell count decline, such as viral
subtype D.?-3%% In addition, limited numbers of both viral
subtypes G and CRF01_AE in patients of African ancestry
means our estimates for these subtypes were imprecise. We
were not able to adjust for sociodemographic factors beyond
age and sex. Multiple-host, socioeconomic and environmental
factors are shared among individuals of common ancestry,
which may impact CD4 cell count decline. Single-cohort
studies are needed to see if ethnic differences within the same
viral subtype are attenuated with adjustment for specific
socioeconomic and environmental factors.

Table 7: Clinical outcomes in unselected CD4 cell counts (median or proportion) by viral subtype and patient ethnicity
Outcome
AIDS event Died before CD4 cell
before starting starting ART; Started ART during Time to count prior to
Total no. Follow-up ART; no. (%) no. (%) of follow-up; no. (%) of initiation initiation of

Characteristic of patients time, yr of patients patients patients of ART, yr ART, cells/uL
Subtype A 566 2.1 75(0.13) 5(0.01) 419 (0.74) 0.77 240
Subtype AE 274 2.0 38 (0.14) 0 (0.00) 203 (0.74) 0.90 220
Subtype AG 527 17 50 (0.09) 2(0.00) 368 (0.70) 0.49 240
Subtype B 10 787 2.3 1206 (0.11) 53 (0.00) 7 870 (0.73) 1.28 230
Subtype C 1351 17 187 (0.14) 4 (0.00) 933 (0.69) 0.46 210
Subtype G 177 1.6 14 (0.08) 1(0.01) 121 (0.68) 0.44 220
African ancestry 2086 1.8 275 (0.13) 6 (0.00) 1476 (0.71) 0.51 220
Other ethnicity 10 006 2.3 1159 (0.12) 54 (0.01) 7 062 (0.71) 1.27 230
Missing ethnicity 1590 2.1 136 (0.09) 5 (0.00) 1 376 (0.87) 1.16 230
Total 13 682 2.2 1570 (0.11) 65 (0.00) 9914 (0.72) 1.10 230
Note: ART = antiretroviral therapy.
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Conclusions and implications for practice and
future research

This large collaborative analysis with a broad representation
of the most common HIV-1 subtypes worldwide suggests that
ethnicity is more prognostic of immunologic progression
than viral subtype during untreated chronic HIV infection.
Although there is some evidence of differences in CD4 cell
count decline between viral subtypes, particularly in patients
of African ancestry, research to uncover the underlying biologic
or sociologic reasons for slower immunologic progression
among patients of African ancestry is warranted. Further
study of subtype-specific effects on immunologic progression
will require comparisons of different subtypes in ethnically
homogeneous populations.
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