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Supplementary Tables 
Supplementary Table S1. Characteristics of included 26 studies. 

Study Country 

Number of women with both anal and 
cervical HPV16 results 

Number of women with both anal and 
cervical cytopathological resultsa 

HIV-negative 
women WWH Overall HIV-negative 

women WWH Overall 

Duan et al (2021) [1] China 0 409 409 0 409 409 

Morhason‑Bello et al (2021) [2] Nigeria 291 7 298 0 0 0 

Rodrigues et al (2019) [3] Brazil 112 41 153 0 0 0 

de Pokomandy et al (2017) [4] Canada 0 149 149 0 136 136 

Dube Mandishora et al (2017) [5] Zimbabwe  74 69 143 0 0 0 

Wei et al (2018) [6]b China 2281 0 2281 0 0 0 

Heard et al (2016) [7] France 0 311 311 0 141 141 

Menezes et al (2016) [8] India 0 46 46 0 0 0 

Ortiz et al (2016) [9] Puerto Rico 535 0 535 0 0 0 

Cambou et al (2015) [10] Brazil 0 457 457 0 456 456 

Ramautarsing et al (2015) [11] Thailand 0 90 90 0 84 84 

Tso et al (2015) [12] Brazil 0 42 42 0 42 42 

Godbole et al (2014) [13] India 0 97 97 0 0 0 

Kojic et al (2014) [14] USA; Brazil; South Africa 0 287 287 0 0 0 

Moscicki et al (2014) [15] USA 88 1 89 0 0 0 

Remis et al (2013) [16] Canada 291 126 417 0 0 0 

Hernandez et al (2013) [17]b USA 187 0 187 0 0 0 

Hessol et al (2013) [18] USA 150 386 536 137 330 467 

Mullins et al (2013) [19] USA 103 188 291 0 0 0 

Ortiz et al (2013) [20]  Puerto Rico 99 0 99 0 0 0 
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Study Country 

Number of women with both anal and 
cervical HPV16 results 

Number of women with both anal and 
cervical cytopathological resultsa 

HIV-negative 
women WWH Overall HIV-negative 

women WWH Overall 

Castro et al (2012) [21]b Costa Rica 2107 0 2107 0 0 0 

Kojic et al (2011) [22] USA 0 152 152 0 130 130 

Goncalves et al (2008) [23] Brazil 0 102 102 0 0 0 

Hernandez et al (2005) [24]b USA 1582 0 1582 0 0 0 

Moscicki et al (2003) [25] USA 0 188 188 0 0 0 

Palefsky et al (2001) [26] USA 0 129 129 0 124 124 

Overall   7900 3277 11177 137 1852 1989 

Abbreviation: HPV, human papillomavirus; WWH, women with HIV.  
aOnly including studies that tested all 13 high-risk HPV types.  
bThese studies were deemed to be the population-based studies for which women were assumed to be HIV-negative, even in the absence of such information 
at an individual level, as we did before [27].
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Supplementary Figures 
Supplementary Figure S1. Study identification. 

5757 records identified from database search
4443 from Lin et al [27]: January 1986 – August 2018
1314 from September 2018 – September 2021

2343 articles for abstract screening

152 full-text articles were assessed for eligibility

119 articles excluded 
47 reporting duplicated population
38 with selection bias
22 with anal samples only
12 not using PCR-based test

33 eligible studies were invited to join the collaborative
pooled analysis

26 available studies with 11177 women included in
current pooled analysis

7 studies did not participate

3414 articles excluded 
2500 not reporting on women
914 duplicated

2191 articles excluded by screening of abstracts
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Supplementary Figure S2. Age-specific prevalence of anal and cervical non-16 HR-HPV infection in HIV-
negative women and women with HIV. Error bar=95% CI. Significant PRs relative to the reference group are 
shown in bold. Abbreviation: PR, prevalence ratio; HR-HPV, high-risk human papillomavirus. 

 

15-24
(N=2413)

25-34
(N=2942)

35-44
(N=1160)

45-54
(N=1089)

≥55
(N=296)

0

2

4

6

8

10

Age (years)

+
39
��
�S

re
va

le
nc

e 
(%

)

Anus (n, %)
PR (95%CI)

Cervix (n,%)
PR (95%CI)

   43 (1.8%)               55 (1.9%)              11 (0.9%)                8 (0.7%)              3 (1.0%)
        Ref.             1.02 (0.72-1.45)   0.70 (0.40-1.21)    0.70 (0.40-1.25)   0.57 (0.20-1.64)

   81 (3.4%)                69 (2.3%)            18 (1.6%)               6 (0.6%)                6 (2.0%)
         Ref.              0.77 (0.59-1.02)   0.64 (0.42-0.97)    0.43 (0.25-0.73)   0.67 (0.33-1.35)

1.86 (1.29-2.67)   1.25 (0.88-1.77)   1.36 (0.82-2.34)     0.90 (0.55-1.46)   1.77 (0.56-5.56)
Cervix vs anus

PR (95%CI)

A

15-24
(N=2310)

25-34
(N=2942)

35-44
(N=1160)

45-54
(N=1089)

≥55
(N=296)

0

2

4

6

8

10

Age (years)

+
39
��
�S

re
va

le
nc

e 
(%

)

Anus (n, %)
PR (95%CI)

Cervix (n,%)
PR (95%CI)

   40 (1.7%)               57 (1.9%)              5 (0.4%)               4 (0.4%)                   2 (0.7%)
        Ref.             1.00 (0.61-1.61)    0.56 (0.25-1.28)     0.62 (0.27-1.42)     0.54 (0.13-2.33)

   70 (3.0%)               69 (2.3%)             14 (1.2%)              6 (0.6%)                    2 (0.7%)
         Ref.            0.74 (0.51-1.07)    0.63 (0.37-1.09)     0.41 (0.21-0.83)     0.29 (0.07-1.16)

1.81 (1.18-2.77)  1.24 (0.84-1.82)    2.46 (0.98-6.17)     1.50 (0.42-5.33)     1.00 (0.14-7.20)
Cervix vs anus

PR (95%CI)

C

15-24
(N=2310)

25-34
(N=2942)

35-44
(N=1160)

45-54
(N=1089)

≥55
(N=296)

0

2

4

6

8

10

Age (years)

+
39
��
�S

re
va

le
nc

e 
(%

)

Anus (n, %)
PR (95%CI)

Cervix (n,%)
PR (95%CI)

   13 (0.6%)               20 (0.7%)                4 (0.3%)                3 (0.3%)               1 (0.3%)
        Ref.              1.13 (0.57-2.23)     0.70 (0.25-2.01)     0.62 (0.20-1.95)    0.62 (0.09-4.29)

   23 (1.0%)               29 (1.0%)                8 (0.7%)                 6 (0.6%)              1 (0.3%) 
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   18 (3.6%)        56 (7.7%)               70 (6.1%)              46 (6.7%)              14 (6.7%)
        Ref.             1.57 (0.82-3.05)      1.30 (0.68-2.51)    1.32 (0.67-2.62)     1.43 (0.65-3.18)

   27 (5.4%)               33 (4.5%)               50 (4.3%)              29 (4.2%)               7 (3.4%)
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   6 (5.0%)                  31 (4.3%)             57 (4.9%)             42 (6.1%)             14 (6.7%)
        Ref.               1.00 (0.43-2.33)    1.12 (0.49-2.56)    1.26 (0.54-2.94)   0.92 (0.33-2.55)

   4 (3.3%)                  24 (3.3%)              47 (4.1%)            40 (5.8%)              10 (4.8%)
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   5 (4.1%)                 29 (4.0%)               39 (3.4%)            24 (3.5%)               15 (7.2%)
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         Ref.            0.73 (0.34-1.54)      0.75 (0.37-1.53)      0.79 (0.37-1.68)    1.31 (0.57-3.02)

3.01 (1.41-6.42)  0.60 (0.36-0.99)      0.60 (0.39-0.92)      0.56 (0.35-0.90)    1.18 (0.54-2.59)
Cervix vs anus

PR (95%CI)

L

HIV-negative women Women with HIV



 7 

 

15-24
(N=2413)

25-34
(N=2942)

35-44
(N=1160)

45-54
(N=1089)

≥55
(N=296)

0

2

4

6

8

10

Age (years)

+
39
��
�S

re
va

le
nc

e 
(%

)

Anus (n, %)
PR (95%CI)

Cervix (n,%)
PR (95%CI)

   76 (3.1%)               90 (3.1%)              17 (1.5%)              3 (0.3%)               6 (2.0%)
        Ref.              0.89 (0.62-1.27)    0.83 (0.50-1.37)    0.31 (0.13-0.72)   0.82 (0.35-1.95)
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         Ref.             0.55 (0.40-0.75)    0.25 (0.13-0.47)   0.19 (0.09-0.42)   0.22 (0.06-0.74)

1.73 (1.28-2.34)   0.92 (0.67-1.25)   0.60 (0.29-1.27)    1.60 (0.43-6.04)   0.52 (0.14-1.91)
Cervix vs anus

PR (95%CI)

M

15-24
(N=2413)

25-34
(N=2942)

35-44
(N=1160)

45-54
(N=1089)

≥55
(N=296)

0

2

4

6

8

10

Age (years)

+
39
��
�S

re
va

le
nc

e 
(%

)

Anus (n, %)
PR (95%CI)

Cervix (n,%)
PR (95%CI)

   86 (3.6%)              94 (3.2%)               30 (2.6%)              13 (1.2%)             1 (0.3%)
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   20 (4.0%)                43 (5.9%)              59 (5.1%)             60 (8.7%)            19 (9.1%)
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   20 (4.0%)                36 (5.0%)              50 (4.3%)             36 (5.2%)            16 (7.7%)
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Supplementary Figure S3. Age-specific prevalence of anal and cervical 2v-, 4v-, and 9v-HPV infection in HIV-
negative women and women with HIV. Error bar=95% CI. Significant PRs relative to the reference group are 
shown in bold. Abbreviations: HPV, human papillomavirus; 2v-HPV: HPV16 and 18; 4v-HPV: HPV6, 11, 16, 
and 18; 9v-HPV: HPV6, 11, 16, 18, 31, 33, 45, 52, and 58; PR, prevalence ratio. 
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Supplementary Figure S4. Percentage of women with HIV according to current CD4 and age group.  
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Supplementary Figure S5. Combination of cervical and anal non-HPV16 prevalence in HIV-negative women 
and women with HIV, according to age group. *Concurrent cervical HPV infection in all women with anal HPV 
infection. 
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15 (0.6%)              20 (0.7%)                 4 (0.3%)                 0 (0.0%)              0 (0.0%)
15 (0.6%)              14 (0.4%)                 5 (0.4%)                 1 (0.1%)              1 (0.3%)

Concurrency*     15/30 (50%)          20/34 (59%)             4/9 (44%)               0/1 (0%)              0/1 (0%)
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5 (4.1%)                9 (1.2%)                19 (1.6%)              23 (3.3%)               11 (5.3%)
3 (2.5%)                7 (1.0%)                10 (0.9%)              5 (0.7%)                 1 (0.5%)
0 (0.0%)                25 (3.4%)              38 (3.3%)              21 (3.0%)               2 (1.0%)
3/3 (100%)            7/32 (22%)           10/48 (21%)           5/26 (19%)             1/3 (33%)
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21 (4.2%)              14 (1.9%)               16 (1.4%)             10 (1.4%)               4 (1.9%)
2 (0.4%)                 6 (0.8%)                17 (1.5%)              2 (0.3%)                1 (0.5%)
9 (1.8%)                 20 (2.8%)               34 (2.9%)             31 (4.5%)              8 (3.8%)
2/11 (18%)               6/26 (23%)             17/51 (33%)          2/33 (6%)              1/9 (11%)
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24 (4.8%)              12 (1.7%)               22 (1.9%)              13 (1.9%)               7 (3.4%)
2 (0.4%)                8 (1.1%)                13 (1.1%)               11 (1.6%)               6 (2.9%)
7 (1.4%)                27 (3.7%)               45 (3.9%)              33 (4.8%)               5 (2.4%)

2/9 (22%)              8/35 (23%)             13/58 (22%)          11/44 (25%)            6/11 (55%)
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Both sites
Anus only

Cervix only 89 (3.7%)              51 (1.7%)                5 (0.4%)               5 (0.5%)                2 (0.7%)
39 (1.6%)              32 (1.1%)                5 (0.4%)               0 (0.0%)                1 (0.3%)
37 (1.5%)              58 (2.0%)               12 (1.0%)              3 (0.3%)                5 (1.7%)

Concurrency*     39/76 (51%)          32/90 (36%)            5/16 (31%)           0/3 (0%)                1/6 (17%)

M

0

2

4

6

8

+
39
��
�S
UH
YD
OH
QF
H�
��
�

15-24
(N=2413)

25-34
(N=2942)

35-44
(N=1160)

45-54
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(N=296)

Both sites
Anus only

Cervix only 96 (4.0%)               94 (3.2%)               24 (2.1%)              21 (1.9%)              3 (1.0%)
53 (2.2%)               43 (1.5%)               12 (1.0%)              5 (0.5%)                0 (0.0%)
33 (1.4%)               51 (1.7%)               18 (1.6%)              8 (0.7%)                1 (0.3%)

Concurrency*     53/86 (62%)           43/94 (46%)           12/30 (40%)          5/13 (39%)            0/1 (0%)
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Both sites

Anus only

Cervix only 45 (1.9%)              43 (1.5%)                3 (0.3%)                6 (0.6%)                0 (0.0%)
23 (1.0%)              23 (0.8%)                1 (0.1%)                1 (0.1%)                0 (0.0%)
21 (0.9%)              28 (1.0%)                7 (0.6%)                 0 (0.0%)               1 (0.3%)

Concurrency*     23/44 (52%)          23/51 (45%)            1/8 (13%)               1/1 (100%)            0/1 (0%)
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(N=208)

17 (3.4%)              19 (2.6%)                30 (2.6%)             26 (3.8%)              11 (5.3%)
4 (0.8%)                17 (2.3%)                16 (1.4%)             10 (1.4%)              7 (3.4%)
15 (3.0%)              26 (3.6%)                47 (4.1%)             50 (7.2%)              10 (4.8%)
4/19 (21%)            17/43 (40%)            16/63 (25%)        10/60 (17%)           7/17 (41%)
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53 (10.7%)               30 (4.1%)               33 (2.9%)             30 (4.3%)               9 (4.3%)
5 (1.0%)                 11 (1.5%)                23 (2.0%)             21 (3.0%)               2 (1.0%)
9 (1.8%)                 33 (4.5%)                63 (5.5%)             38 (5.5%)              11 (5.3%)
5/16 (31%)             11/44 (25%)            23/86 (27%)         21/59 (36%)           2/13 (15%)

P

0

5

10

15

20

+
39
��
�S
UH
YD
OH
QF
H�
��
�

15-24
(N=497)

25-34
(N=727)

35-44
(N=1154)

45-54
(N=691)

35 (7.0%)              14 (1.9%)               34 (2.9%)             19 (2.7%)                8 (3.8%)
5 (1.0%)                13 (1.8%)               14 (1.2%)             10 (1.4%)                3 (1.4%)
4 (0.8%)                 25 (3.4%)               40 (3.5%)             30 (4.3%)               11 (5.3%)

≥55
(N=208)

5/9 (56%)              13/38 (34%)           14/54 (26%)         10/40 (25%)            3/14 (21%)
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25-34
(N=2942)
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45-54
(N=1089)

≥55
(N=296)

Both sites

Anus only

Cervix only 55 (2.3%)               53 (1.8%)              15 (1.3%)              14 (1.3%)                5 (1.7%)
20 (0.8%)               24 (0.8%)               3 (0.3%)                1 (0.1%)                 2 (0.7%)
18 (0.7%)               21 (0.7%)              10 (0.9%)               4 (0.4%)                 0 (0.0%)

Concurrency*     20/38 (53%)           22/45 (53%)           3/13 (23%)            1/5 (20%)                2/2 (100%)
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(N=296)

Both sites

Anus only

Cervix only 48 (2.1%)              34 (1.2%)                7 (0.6%)                5 (0.5%)               0 (0.0%)
32 (1.4%)              14 (0.5%)                3 (0.3%)                1 (0.1%)               0 (0.0%)
13 (0.6%)              15 (0.5%)                4 (0.3%)                2 (0.2%)               0 (0.0%)

Concurrency*    32/45 (71%)          14/29 (48%)            3/7 (43%)              1/3 (33%)             0/0 (..)
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Both sites

Anus only

Cervix only 14 (0.9%)              13 (0.8%)                9 (0.8%)                4 (0.4%)                3 (1.0%)

15 (1.0%)               7 (0.4%)                 6 (0.5%)                0 (0%)                   1 (0�3%)

6 (0.4%)                 6 (0.4%)                 8 (0.7%)                7 (0.6%)                3 (1.0%)
Concurrency*   15/21 (71%)           7/13 (54%)              6/14 (43%)            0/7 (0%)                1/4 (25%)
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(N=208)

56 (11.3%)             36 (5.0%)               58 (5.0%)              36 (5.2%)             18 (8.7%)
20 (4.0%)               16 (2.2%)               31 (2.7%)              10 (1.4%)              7 (3.4%)
10 (2.0%)                 36 (5.0%)               59 (5.1%)              46 (6.7%)             13 (6.2%)

20/30 (67%)           16/52 (31%)           31/90 (34%)          10/56 (18%)          7/20 (35%)
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2 (1.7%)               21 (2.9%)               28 (2.4%)             16 (2.3%)                4 (1.9%)
3 (2.5%)               8 (1.1%)                 11 (1.0%)              10 (1.4%)               4 (1.9%)
8 (6.6%)               12 (1.7%)               33 (2.9%)              20 (2.9%)               9 (4.3%)

3/11 (27%)            8/20 (40%)            11/44 (25%)          10/30 (33%)           4/13 (30%)
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5 (4.1%)               11 (1.5%)                22 (1.9%)             12 (1.7%)               8 (3.8%)
2 (1.7%)               11 (1.5%)                16 (1.4%)             4 (0.6%)                 3 (1.4%)
5 (4.1%)               36 (5.0%)                49 (4.2%)             42 (6.1%)               10 (4.8%)

2/7 (29%)             11/47 (23%)            16/65 (25%)         4/46 (0%)               3/13 (23%)
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