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Abstract
Background
Persistent infection with high-risk human papillomavirus (hrHPV) is a critical step in cervical carcinogenesis. We report on type-specific hrHPV persistence, clearance and incidence among screen-positive Rwandan women living with HIV (WLWH).

Methods
This was a nested analysis from a large cervical cancer screening study of ~ 5000 Rwandan WLWH. Women who tested positive for hrHPV and/or visual inspection with acetic acid were referred to colposcopy. For a subset of women (n = 298) who were ≥ 6 months delayed in receiving colposcopy, we tested their screening and colposcopy visit specimens using the AmpFire HPV genotyping assay that tests 14 hrHPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) individually.

Results
The mean, median (interquartile range [IQR]) and range of time between the screening and colposcopy visits were 644, 650 (490–820.5) and 197–1161 days, respectively. Mean, median (IQR) and range of age at the screening visit were 38, 37 (34–43) and 30–54 years, respectively. Two-hundred eighty-three (95.0%) had CD4 count (cells per mm3) data available at baseline with mean, median (IQR) and range of 592, 513 (346–717) and 0–7290, respectively. Two-hundred thirty-five WLWH were positive for at least one hrHPV type at the screening visit, of whom 50.2% had at least one HPV type-specific infection persist; 37.2% of all HPV infections detected at the screening visit persisted. Compared to all other HPV types in aggregate, HPV16 (vs. non-HPV16 types) (47.7%, p = 0.03) and HPV33 (vs. non-HPV33 types) (56.7%, p = 0.03) were significantly more likely, and HPV39 (vs. non-HPV39 types) (6.7%, p = 0.01), HPV51 (vs. non-HPV51 types) (15.6%, p < 0.01), and HPV66 (vs. non-HPV66 types (17.9%, p = 0.04) were significantly less likely, to persist. Lower CD4 counts were associated with having any persistent hrHPV infection (ptrend = 0.04) and multiple persistent hrHPV infections (ptrend = 0.04).

Conclusion
There is a significant proportion of WLWH with persistent hrHPV infection, emphasizing the need to vaccinate them against HPV prior to becoming sexually active.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13027-021-00355-6.
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Introduction
Cervical cancer is the fourth most common cancer among women and the fourth leading cause of female cancer deaths worldwide with 570,000 new cases and 311,000 deaths occurring in 2018 [1]. Africa, especially Sub-Saharan Africa (SSA), bears the greatest burden of cervical cancer with incidence and mortality rates in Southern, Eastern and Western Africa 7–10 times those in North America, Australia/New Zealand and Western Asia [1]. This high burden of cervical cancer is in part due to the high prevalence of human immunodeficiency virus (HIV) infection and acquired immunodeficiency syndrome (AIDS). SSA is home to almost 70% of the nearly 38 million people living with HIV (PLWH) globally [2]. Women living with HIV (WLWH) bear an even greater burden of cervical cancer compared to their HIV-negative counterparts [3–5] and cervical cancer was included as an AIDS defining illness in 1993 [6].
Infection with high-risk human papillomavirus (hrHPV), the necessary cause of virtually all cervical cancer, is a very common sexually transmitted infection [7]. Most sexually active individuals acquire it at some point during their lifetime [7]. Vaccination against HPV infection is the most important primary prevention strategy for the prevention of cervical cancer. A recent study done in Sweden provided the first long awaited evidence that HPV vaccination reduces the incidence of invasive cervical cancer among females, with the greatest reductions observed in those who had been vaccinated when under the age of 17 years [8].
Recent reports indicate that 127 of 225 countries and territories globally have national HPV vaccination programs and that 41 additional countries and territories are set to introduce the vaccine by the end of 2023 [9]. The World Health Organization (WHO) recommends HPV vaccination for all women aged 9–14 years with 2 doses of either the Cervarix (2vHPV) with protection against HPV 16 and 18 or Gardasil (4vHPV) with protection against HPV 6, 11, 16 and 18 and with 3 doses for women beginning the series at 15 years and older and for those known to be immunocompromised and/or living with HIV [10]. As of late 2016, only Gardasil-9 (9vHPV) with protection against the same types as 4vHPV but with five additional high-risk types (HPV 31, 33, 45, 52 and 58) is being distributed in the United States (US) and is recommended as 2 doses for girls 11–12 years with catch up until 26 years. The recommendations were recently updated to include HPV vaccination to up to 45 years with shared clinical decision-making after risk assessment for both women and men [11].
Yet, many women have already been exposed to HPV, and HPV vaccination does not treat pre-existing HPV infections or related abnormalities. Most hrHPV infections clear/become undetectable within a year or two [12–15]. Persistent hrHPV infection is a critical step in cervical carcinogenesis [16]. hrHPV persistence for a year [17] or two [18] strongly predicts having or developing cervical precancer and cancer. Thus, factors that increase the likelihood of HPV persistence increase the risk of cervical precancer and cancer. WLWH, because of an impaired immune response, are more likely than HIV-negative women to have a persisting HPV infection [19–28]. Among WLWH, higher CD4 count [19, 27, 29–32], lower HIV viral load [30, 31, 33] and/or using antiretroviral therapy (ART) [21, 33, 34] are associated with an increased likelihood of HPV clearance.
There are few data on the natural history of type-specific hrHPV infection in SSA, especially among WLWH. Adler et al. found that 12-month HPV genotype-specific persistence was almost 8-fold more likely in young (aged 17–21 years) WLWH (31%) compared to young HIV-negative women (4%) [28]. A study of Nigerian women found WLWH to have higher prevalence, persistence, and presence of multiple HPV infections compared to HIV-negative women [35]. Another study found 18-month hrHPV persistence of 51.5% in WLWH from Burkina Faso (median age = 36 years) and 44.7% in WLWH from South Africa (median age = 34 years) [33]. One study conducted in Rwanda reported a 24-month hrHPV persistence of 56% in WLWH compared to 0% in HIV-negative women [22].
We recently reported that the prevalence of hrHPV prevalence among Rwandan WLWH has been decreasing over the past 12 years most likely due to improving HIV care and treatment over time with most women (over 95%) taking antiretroviral therapy (ART) [36]. That study also showed that the trend of hrHPV prevalence increases with decreasing CD4 cell count indicating the role of immunity in HPV prevalence and perhaps persistence and progression to precancer and cancer. Given the relationship of prevalence with persistence (Prevalence = Incidence x Duration [Persistence]), we investigated the short-term, type-specific hrHPV persistence among screen-positive Rwandan WLWH.
Methods
Study design, population and setting
We conducted a nested analysis from a large cervical cancer screening study of ~ 5000 Rwandan WLWH. The protocol of the parent study has been previously described in detail [37]. In brief, WLWH were screened for cervical cancer using different screening methods. Following a positive screening test (positive for hrHPV by the Xpert HPV test (Cepheid, Sunnyvale, CA, USA) and/or by visual inspection with acetic acid-VIA), women were referred for rigorous colposcopic evaluation, including a 4-quadrant microbiopsy/biopsy protocol and specimen collection for biomarker testing.
The study was approved by relevant ethics committees and all participants provided written informed consent.
Laboratory testing
A subset of women (n = 298) who were 6 to 38 months delayed in receiving colposcopy (77.0% hrHPV positive only, 15.9% VIA positive only, and 7.1% hrHPV and VIA positive). Their screening- and colposcopy-visit specimens were tested for hrHPV using both the Xpert HPV test and the AmpFire HPV genotyping assay, which tests for 15 HPV types, including 14 hrHPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) that are also detected by the Xpert assay.
The AmpFire HPV genotyping assay (Atila Biosystems Inc., Mountain View, CA, USA) is an isothermal nucleic acid amplification-based, real-time fluorescence detection of 15 HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, and 68) individually in 4 reaction tubes. Testing was done according to the manufacturer’s protocol. Briefly, an aliquot of the stored specimen in PreservCyt solution was pelleted by centrifugation, the supernatant decanted and pelleted cells suspended in lysis buffer. The cell suspension incubated for 10 min at 95 °C to lyse the cells. For each reaction, 2 μL of lysate was mixed with 12 μL of Reaction Mix and 11 μL of one of the four Reaction Mixes. The resulting four reaction tubes for every sample were incubated in Powergene 9600 fluorescence real-time polymerase chain reaction (PCR) system at 60o C with fluorescence from FAM/HEX/ROX/CY5 channels measured every minute.
After running for approximately one (1) hour, the amplification results were interpreted according to exponential curves developed during the process. If negative control showed no exponential curves and positive control showed exponential curves, this experiment run was valid. The next step was to examine the set of four tubes corresponding to a specimen. Multiplex HPV infections could result in multiple exponential curves for a specimen. If no exponential curve other than internal control (Hex channel in PM-3 tube) was present for a sample, this sample was negative. If there was no exponential amplification curve in any of four tubes or any fluorescence channels, the sample failed the test. A failed sample usually indicated not enough DNA in the sample and it was reprocessed [38].
The Xpert HPV assay is a qualitative, real-time PCR assay for the detection of hrHPV DNA. The Xpert HPV assay includes simultaneous detection of 14 hrHPV types, hydroxymethylbilane synthase (HMBS) and an internal Probe Check Control. The 14 targeted hrHPV types are detected in five fluorescent channels: (1) HPV16, (2) HPV18 and HPV45, (3) HPV31, 33, 35, 52 and 58, (4) HPV51 and HPV59 and (5) HPV39, 56, 66 and 68. HMBS (fluorescent channel 6) verifies specimen adequacy. Specimens were mixed and a 1 mL pre-aliquot was removed using a disposable pipette and placed in the testing cartridge per the manufacturer’s instructions. Unsatisfactory results due to insufficient cellular content were retested. If the second test was also unsatisfactory, the final result was being recorded as unsatisfactory [37].
HIV data including CD4 cell count, viral load results and ART data were extracted from the patient electronic medical records (OpenMRS) as indicated in the study protocol.
Statistical analysis
We compared baseline characteristics for women included in this analysis to those not included. Age and time between visits were categorized as quartiles, CD4 cell count was stratified by standard clinical categories and viral load was categorized as detectable vs. undetectable with < 200 copies/mL being undetectable according to Rwandan guidelines. We examined the outcomes (e.g., persistence, clearance, and incidence) of individual hrHPV infections as detected by AmpFire. Each woman contributed to multiple outcomes given that each woman could be infected with multiple hrHPV types. We categorized the women according to the following hierarchy to account for multiple HPV infections: persistence>clearance>incidence>negative. The relationship of various independent variables with persistence and clearance of hrHPV infection (the outcome variable) was tested using the Chi square and Fisher’s exact tests accordingly. The exact version of the McNemar’s Chi square test was used to compare persistence, incidence and clearance as well as those who remained negative for each of the 14 hrHPV types individually by the AmpFire assay. Finally, a logistic regression model was put together to test the association between the independent variables of known association and the outcome variable. Unadjusted or crude odds ratios (OR) and adjusted odds ratios (aOR) with their 95% confidence intervals (95% CI) were used as measures of association. P values < 0.05 were considered statistically significant.
Results
Descriptive statistics of the screen-positive women included in this analysis because of late colposcopy (n = 298) and those excluded from this analysis because they underwent colposcopy in < 6 months (n = 1116) are shown in Supplemental Table 1. Women included in this analysis were younger (p < 0.01), started having sex at an earlier age (p < 0.01), were more likely screen HPV positive (p = 0.01) but less likely to screen VIA positive (p < 0.01), and more likely to have a high-grade colposcopic impression (p < 0.01) compared to women excluded from this analysis.
Among the screen-positive women who did not undergo colposcopy for 6 months or more and included in this analysis, the mean, median (interquartile range [IQR]) and range of time between the screening and colposcopy visits were 644, 650 (490–820.5) and 197–1161 days, respectively. Mean, median (IQR) and range of age at the screening visit were 38, 37 (34–43), and 30–54 years, respectively. Two-hundred eighty-three (95.0%) had CD4 count data available at baseline, with mean, median (IQR) and range of 592, 513 (346–717) and 0–7290 per mm3, respectively. Table 1 shows additional participant characteristics for all 298 participants as well as a comparison of the 235 women who tested positive for one or more hrHPV type who cleared any hrHPV infection versus those who had at least one persistent hrHPV infection.
Table 1General participant characteristics and results by persistence vs. clearance of hrHPV by AmpFire


	Characteristic
	All Women
	Clearance
	Persistence
	p*

	n = 298
	n = 117
	n = 118

	n (%col)
	n (%col)
	n (%col)

	Age Group (Years)

	 30–33
	70 (23.5)
	31 (26.5)
	23 (19.5)
	0.19

	 34–36
	60 (20.1)
	25 (21.4)
	28 (23.7)

	 37–42
	82 (27.5)
	35 (29.9)
	28 (23.7)

	 43–54
	85 (28.5)
	26 (22.2)
	39 (33.0)

	 Missing
	1 (0.3)
	0 (0.0)
	0 (0.0)

	Age at Sexual Initiation (Years)

	  < 18
	180 (60.4)
	51 (43.6)
	42 (35.6)
	0.21

	  ≥ 18
	118 (39.6)
	66 (56.4)
	76 (64.4)

	Number of Sexual Partners (Lifetime)

	  ≤ 5
	245 (82.2)
	94 (80.3)
	98 (83.1)
	0.59

	  ≥ 6
	53 (17.8)
	23 (19.7)
	20 (16.9)

	Number of Sexual Partners (Last 6 Months)

	  ≤ 5
	285 (95.6)
	111 (94.8)
	113 (95.8)
	0.90

	  ≥ 6
	8 (2.7)
	3 (2.6)
	3 (2.5)

	 Missing
	5 (1.7)
	3 (2.6)
	2 (1.7)

	Number of Children

	  < 5
	230 (77.2)
	90 (76.9)
	92 (78.0)
	0.85

	  ≥ 5
	68 (22.8)
	27 (23.1)
	26 (22.0)

	CD4 (per mm3) (Screening Visit)

	  ≥ 500 (ref)
	146 (49.0)
	62 (53.0)
	49 (41.5)
	0.34

	 350–499
	64 (21.5)
	23 (19.7
	26 (22.0)

	 200–349
	48 (16.1)
	17 (14.5)
	22 (18.6)

	  < 200
	25 (8.4)
	8 (6.8)
	15 (12.7)

	 Missing
	15 (5.0)
	7 (6.0)
	6 (5.1)

	On Anti-Retrovirals

	 No
	3 (1.0)
	1 (0.9)
	2 (1.7)
	1.00

	 Yes
	293 (98.3)
	115 (99.3)
	115 (97.5)

	 Missing
	2 (0.7)
	1 (0.9)
	1 (0.9)

	HIV Viral Loada (Screening Visit)

	 Undetectable
	236 (79.2)
	91 (77.8)
	92 (80.0)
	0.04

	 Detectable
	28 (9.4)
	9 (7.7)
	18 (15.3)

	 Missing
	34 (11.4)
	17 (14.5)
	8 (6.8)

	Time between Screening and Colposcopy Visits (Days)

	 197–489
	72 (24.2)
	27 (23.1)
	40 (33.9)
	0.06

	 490–649
	73 (24.5)
	39 (33.3)
	22 (18.6)

	 650–820
	74 (24.8)
	22 (18.8)
	29 (24.6)

	 821–1161
	73 (24.5)
	25 (21.4)
	25 (21.9)

	 Missing
	6 (2.0)
	4 (3.4)
	2 (1.7)

	VIA Result (Screening Visit)

	 Negative
	228 (76.5)
	100 (85.5)
	104 (88.1)
	0.50

	 Positive
	68 (22.8)
	15 (12.8)
	14 (11.9)

	 Missing
	2 (0.7)
	2 (1.7)
	0 (0.0)

	Number of hrHPV Types (Screening Visit)

	 0
	63 (21.1)
	–
	–
	1.00

	 1
	133 (44.6)
	66 (56.4)
	67 (56.8)

	  ≥ 2
	102 (34.2)
	51 (43.6)
	51 (43.2)

	Colposcopic Impression

	 Low-Grade
	266 (89.3)
	111 (94.9)
	96 (81.4)
	< 0.01

	 High-Grade
	25 (8.4)
	1 (0.9)
	20 (17.0)

	 Missing
	7 (2.4)
	5 (4.3)
	2 (1.7)


*Fisher’s Exact to compare persistence vs. clearance
aViral load was categorized as detectable and undetectable according to the Rwanda guidelines where all viral load results of less than 200 viral copies/mL of blood



Table 2 shows the hrHPV genotyping results for the screening and colposcopy visits. Clearance of hrHPV types present at baseline was more common than incidence of new hrHPV types at follow-up for all hrHPV types although not statistically significant for the rarer hrHPV types. Of the 235 women who had a hrHPV type detected at baseline, 118 (50.2%) had at least one hrHPV persistent infection.
Table 2Overall and type-specific persistence, incidence and clearance hrHPV infections in 298 screen-positive WLWH


	hrHPV type
	Negative
N (%row)
	Incidence
N (%row)
	Clearance
N (%row)
	Persistence
N (%row)
	p*
	% Persistencea
	p‡

	Any
	43 (14.4)
	20 (6.7)
	117 (39.3)
	118 (39.6)
	< 0.01
	50.2
	n/a

	HPV16
	198 (66.4)
	14 (4.7)
	45 (15.1)
	41 (13.8)
	< 0.01
	47.7
	0.03

	HPV18
	262 (87.9)
	5 (1.7)
	16 (5.4)
	15 (5.0)
	0.03
	48.4
	0.18

	HPV31
	265 (89.0)
	5 (1.7)
	19 (6.4)
	9 (3.0)
	< 0.01
	32.1
	0.69

	HPV33
	263 (88.3)
	5 (1.7)
	13 (4.4)
	17 (5.7)
	0.09
	56.7
	0.03

	HPV35
	262 (87.9)
	6 (2.0)
	19 (6.4)
	11 (3.7)
	0.01
	36.7
	1.00

	HPV39
	277 (93.0)
	6 (2.0)
	14 (4.7)
	1 (0.3)
	0.12
	6.7
	0.01

	HPV45
	268 (89.9)
	5 (1.7)
	14 (4.7)
	11 (3.7)
	0.06
	44.0
	0.52

	HPV51
	261 (87.6)
	6 (2.0)
	27 (8.7)
	5 (1.7)
	< 0.01
	15.6
	< 0.01

	HPV52
	256 (85.9)
	12 (4.0)
	17 (5.7)
	13 (4.4)
	0.46
	43.3
	0.56

	HPV56
	258 (86.6)
	7 (2.4)
	25 (8.4)
	8 (2.7)
	< 0.01
	24.2
	0.13

	HPV58
	263 (88.3)
	6 (2.0)
	15 (5.0)
	14 (4.7)
	0.08
	48.3
	0.23

	HPV59
	282 (94.6)
	5 (1.7)
	8 (2.7)
	3 (1.0)
	0.58
	27.3
	0.75

	HPV66
	266 (89.3)
	4 (1.3)
	23 (7.7)
	5 (1.7)
	< 0.01
	17.9
	0.04

	HPV68
	283 (95.0)
	6 (2.0)
	7 (2.4)
	2 (0.7)
	1.00
	22.2
	0.49

	All HPV Infectionsb
	3664 (87.8)
	92 (2.3)
	262 (6.3)
	155 (3.6)
	< 0.01
	37.2
	n/a


aSummation of infection-level outcomes of all HPV types i.e., each woman can contribute 14 results for each individual high-risk HPV genotype
bAmong women who were hrHPV positive by AmpFire at the screening visit
*Exact version of the McNemar’s chi-square test; All persistence is type-specific and women can contribute to multiple outcomes since they may have multiple infections
‡vs. persistence for all other types except that type e.g., HPV16 vs. all other (non-HPV16) hrHPV types (exact version of a Pearson chi-square test))



The 235 WLWH had 417 hrHPV types detected at the screening visit (1.77 types per woman; 133 with one hrHPV type and 102 with two or more hrHPV types), of which 155 (37.2%) HPV types persisted to the colposcopy visit. Compared to all other HPV types in aggregate, HPV16 (vs. non-HPV16 types) (47.7%, p = 0.03) and HPV33 (vs. non-HPV33 types) (56.7%, p = 0.03) were significantly more likely to persist. Conversely, HPV39 (vs. non-HPV39 types) (6.7%, p = 0.01), HPV51 (vs. non-HPV51 types) (15.6%, p < 0.01), and HPV66 (vs. non-HPV66 types (17.9%, p = 0.04) were significantly less likely to persist.
Figure 1 shows the crude relationship of CD4 count with the likelihood of type-specific hrHPV persistence for the 222 WLWH for whom we had CD4 count data at the screening visit. Women in lower CD4 count categories had higher likelihood of any type-specific hrHPV persistence: 44.1% for those with CD4 ≥ 500/mm3 vs. 65.2% for those with CD4 < 200/mm3 (ptrend = 0.04). WLWH with lower CD4 counts were more likely to have multiple persistent hrHPV infections (ptrend = 0.01); among those who had any persistent hrHPV infection, WLWH with lower CD4 counts were marginally more likely to have multiple persistent hrHPV types (18.4% for WLWH with CD4 ≥ 500/mm3 vs. 46.7% for WLWH with CD4 < 200/mm3 (ptrend = 0.06). WLWH with lower CD4 counts were non-significantly more likely to have multiple hrHPV infections (ptrend = 0.13) and given multiple hrHPV infections, more likely to have multiple persistent hrHPV infection compared to women with higher CD4 counts.
[image: ../images/13027_2021_355_Fig1_HTML.png]
Fig. 1hrHPV type-specific persistence and number of hrHPV-persistent infections with baseline CD4 counts among baseline hrHPV-positive


Factors associated with hrHPV persistence are shown in Table 3. High-grade colposcopic impression (versus low-grade) at the follow-up (colposcopy) visit was most strongly associated with type-specific hrHPV persistence (aOR = 24.90, 95%CI = 3.08–201.22). Compared to WLWH aged 30–33 years at the screening visit, those aged 43–56 years were more likely to have type-specific hrHPV persistence (aOR = 2.26, 95%CI = 1.01–5.05). WLWH who came back for colposcopy in 490–649 days were less likely to have type-specific hrHPV persistence than WLWH who came back in 197–489 days (aOR = 0.35, 95%CI = 0.16–0.77) but longer interval times were not associated with the likelihood of type-specific hrHPV persistence. Finally, although there was no category of CD4 count that was associated with having a persistent type-specific hrHPV infection, there was a marginally significant trend of WLWH in lower CD4 count categories being increasingly likely to have type-specific hrHPV persistence (ptrend = 0.06).
Table 3Factors associated with persistence (vs. clearance) of any hrHPV (n = 235 hrHPV+ at the screening visit)


	 	N (%)
	OR
	95%CI
	aOR
	95%CI

	CD4 (per mm3) (Screening Visit)

	  ≥ 500 (ref)
	111 (47.2)
	1
	–
	1
	–

	 350–499
	49 (20.9
	1.43
	0.73–2.81
	1.46
	0.67–3.15

	 200–349
	39 (16.6)
	1.64
	0.78–3.42
	1.56
	0.69–3.51

	  < 200
	23 (9.8)
	2.37
	0.93–6.05
	2.48
	0.84–7.35

	 Missing
	13 (5.5)
	1.08
	0.34–3.44
	2.19
	0.57–8.41

	ptrenda=
	 	0.04
	0.06

	Detectable HIV Viral Load (Screening Visit)

	 No (ref)
	183 (77.9)
	1
	–
	1
	–

	 Yes
	27 (11.5)
	1.99
	0.84–4.63
	1.75
	0.67–4.57

	 Missing
	25 (10.6)
	0.47
	0.19–1.13
	0.34
	0.12–0.98

	Age Group (years) (Screening Visit)

	 30–33 (ref)
	54 (23.0)
	1
	–
	1
	–

	 34–36
	53 (22.6)
	1.5
	0.70–3.23
	1.74
	0.74–4.08

	 37–42
	63 (26.8)
	1.1
	0.52–2.25
	0.80
	0.34–1.83

	 43–54
	65 (27.7)
	2.0
	0.97–4.21
	2.26
	1.01–5.05

	ptrend=
	 	0.13
	0.17

	Follow-Up Time (Days)

	 197–490 (ref)
	66 (28.1)
	1
	–
	1
	–

	 490–649
	62 (26.4)
	0.38
	0.29–0.79
	0.35
	0.16–0.77

	 650–820
	49 (20.9)
	0.89
	0.43–1.86
	0.94
	0.41–2.14

	 821–1161
	52 (22.1)
	0.68
	0.32–1.41
	0.74
	0.33–1.67

	 Missing
	6 (2.6)
	0.34
	0.06–1.97
	0.61
	0.08–4.59

	ptrenda=
	 	0.68
	0.93

	Colposcopic Impression

	 low-grade (ref)
	207 (88.1)
	1
	–
	1
	–

	 high-grade
	21 (8.9)
	23.1
	3.0–175.52
	24.90
	3.08–201.22

	 Missing
	7 (3.0)
	0.86
	0.66–1.14
	0.33
	0.05–2.11

	Number of hrHPV Types Detected at the Screening Visit

	 1 (ref)
	133 (56.6)
	1
	–
	 	 
	  ≥ 2
	102 (43.4)
	0.99
	0.59–1.66
	 	 

amissing values excluded from tests of trend, OR unadjusted odds ratio, aOR adjusted odds ratio and 95%CI 95% confidence interval



Discussion
The prevalence of hrHPV infection among Rwandan WLWH has been decreasing over the past decade or so [36]. This phenomenon is most likely due to improving HIV care, treatment and management over time, including early initiation and extensive coverage (95%) of ART, which has led to improved health and immune status as reflected by higher CD4 counts [36].
However, little is known about the natural history of hrHPV infection in Rwandan WLWH, who are at increased risk of both hrHPV persistence and progression to precancer and cancer. The differences we found in the comparison of the group of screen-positive women included in this analysis with those who were not included indicate that the group included in this analysis is perhaps at increased risk of hrHPV persistence given that most of them had their first sexual intercourse at a younger age, most were hrHPV positive at baseline and most of them had high-grade lesions on colposcopy compared to the group that was not included in this analysis.
We found considerable hrHPV persistence (39.6%) and incidence (6.7%) among the 298 screen-positive Rwandan WLWH we retested for HPV after a median of 22 months of follow-up. These data provide additional evidence that WLWH are at high risk of hrHPV infection, persistence, and perhaps re-infection or reactivation. To our knowledge, this is the first study to report type-specific hrHPV persistence, incidence, and clearance among Rwandan WLWH. HPV persistence was highest for HPV16 (13.8%) followed by HPV33 (5.7%) and HPV18 (5.0%) and incidence was highest for HPV16 (4.7%) followed by HPV52 (4.0%). The second highest persistent and incident hrHPV types are both not included in the 4vHPV vaccine but rather in the 9vHPV vaccine hence the public health importance of introducing the 9vHPV vaccine in SSA in general and in Rwanda in particular. Women with higher CD4 cell counts were less likely to have a persistent hrHPV infection as well as multiple hrHPV infections most likely due to better immune responses resulting from improving HIV care and management as described above.
hrHPV persistence observed in this group of Rwandan WLWH was generally lower than among other study populations of mid-adult WLWH living in SSA: others have reported 24-month hrHPV persistence of 56% in Rwanda [22] and 18-month hrHPV persistence of 51.5% in Burkina Faso and 44.7% in South Africa [33]. A study in Nigeria reported a HPV clearance rate of 1.6% per month in WLWH or a 12-, 18-, 22-, and 24-month persistence of 81, 71, 65, and 62%, respectively [35].
Differences in HIV disease status (e.g., CD4 and HIV viral load) and care (ART use) may explain differences in the measurable HPV persistence among studies. A study done among WLWH of SSA origin found that sustained viral suppression and higher CD4 cell counts were associated with a significantly decreased persistence of hrHPV infection [30]. Likewise, the HPV genotyping tests used differ between studies and differences in testing analytic sensitivity might influence HPV persistence if one test is picking up lower HPV viral load infections that are more likely to clear than persist.
Differences in analytic sensitivity for individual HPV types may influence which types were found to be more persistent. For example, we found HPV16, 33, 18, 58 and 52 to be the most persistent (in order of highest proportion) but the study among Nigerian WLWH found HPV52, 35, 31, 51 and 16/18 to be the most persistent [35]. Finally, differences in age, as a proxy for how long the prevalent HPV infection was already present, might also introduce differences in the likelihood of persistence. For example, the study by Alder et al. found that in young adult women only 31% of HPV infections persisted for 12 months [28].
In our analysis, hrHPV persistence was strongly associated with high-grade colposcopic impression as an insensitive but specific proxy for high-grade cervical abnormalities. These data are consistent with short-term hrHPV persistence being a risk factor for cervical cancer [17, 18].
Our study has some limitations. We recruited WLWH only from the capital city of Rwanda, Kigali, who may not be representative of the entire country. Moreover, those who were included were higher risk than those excluded from the analysis. All participants included in our analysis were screen-positive (all positive for either hrHPV and/or VIA). WLWH who are at very high risk of hrHPV acquisition, persistence and incidence partly explaining the high persistence rates, although these are not very different from findings from other studies.
We were not able to have women come in for several visits in order to look at the differences in persistence, incidence and clearance over time. In addition, the definition of persistence proposed by Munoz et al. where persistence is to be based on incident infection with persistent infections being those lasting more than the median duration was not taken into account in our study [39]. Finally, we did not have histologic endpoints at the time of the study, which would provide confirmation of the cervical cancer risk associated with short-term hrHPV persistence.
Conclusions
In conclusion, we found a considerable proportion of Rwandan WLWH with persistent hrHPV infection. Women with lower CD4 cell counts were more likely to have persistent hrHPV infection, confirming the effect of immune status on HPV persistence. All seven hrHPV types in the prophylactic 9vHPV vaccine [40] were found to have considerable viral persistence, reinforcing the need to introduce this HPV vaccine for all women, especially for high-risk populations, mainly WLWH, prior to their becoming sexually active for the prevention of cervical and other HPV-related cancers.
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