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Abstract

Introduction Cervical cancer is the fourth most diagnosed cancer among women globally, with much of the burden
being carried by women in limited-resource settings often worsened by the high prevalence of HIV. Furthermore,

the COVID-19 pandemic disrupted organized screening efforts and HIV management regimens worldwide, and

the impact of these disruptions have not been examined in these settings. The purpose of this paper is to describe
whether uptake of cervical cancer screening and HIV management changed before, during, and since the COVID-19
pandemic in North-Central Nigeria.

Methods Longitudinal healthcare administration data for women who obtained care between January 2018

and December 2021 were abstracted from the AIDS Prevention Initiative Nigeria (APIN) clinic at Jos University
Teaching Hospital. Patient demographics, pap smear outcomes, and HIV management indicators such as viral load
and treatment regimen were abstracted and assessed using descriptive and regression analyses. All analyses were
conducted comparing two years prior to the COVID-19 pandemic, the four quarters in 2020, and the year following
COVID-19 restrictions.

Results We included 2304 women in the study, most of whom were between 44 and 47 years of age, were married,
and had completed secondary education. About 85% of women were treated with first line highly active retroviral
therapy (HAART). Additionally, 84% of women screened using pap smear had normal results. The average age of
women who sought care at APIN was significantly lower in Quarter 3, 2020 (p=0.015) compared to the other periods
examined in this study. Conversely, the average viral load for women who sought care during that period was
significantly higher in adjusted models (p <0.0001). Finally, we determined that the average viral load at each clinic
visit was significantly associated with the period in which women sought care.

Conclusions Overall, we found that COVID-19 pandemic mitigation efforts significantly influenced women'’s ability
to obtain cervical cancer screening and routine HIV management at APIN clinic. This study buttresses the challenges
in accessing routine and preventive care during the COVID-19 pandemic, especially in low-resource settings. Further
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research is needed to determine how these disruptions to care may influence long-term health in this and similar

at-risk populations.

Keywords HIV management, HAART adherence, Pap smear, COVID-19, Cervical cancer screening

Introduction

Cervical cancer is one of the most commonly- diagnosed
cancers among women worldwide [1]. Recent global
estimates suggest that the incidence of cervical cancer
is 13.1 per 100,000 women, with a mortality rate of 6.9
per 100,000 in 2018 [1]. A significant proportion of cer-
vical cancer incidence and mortality is among women
living in low-and-middle-income countries (LMICs) [1,
2]. In Nigeria, the most populous country in sub-Saha-
ran Africa, cervical cancer is the second most common
cancer among women, with an incidence rate of 18.4 per
100,000 women and mortality rate of 13.2 per 100,000
women in 2020 [3]. In Nigeria, as with other LMICs,
research suggests that the incidence and mortality due
to cervical cancer has increased over time due to lack of
access to primary prevention in the form of HPV vacci-
nation, and limited access to and uptake of cervical can-
cer screening including visual inspection with acetic acid,
pap smear, and/or HPV DNA testing [1, 4].

HPV DNA testing has become the global standard
of care for cervical cancer screening in high-income
countries (HIC) for its superiority to cytology-based
approaches to screening [4]. However, due to the eco-
nomic and health system challenges this approach would
present in low-resource settings, the World Health Orga-
nization (WHO) recommendations still support the use
of pap smear as the gold standard for cervical cancer
screening in low-resource settings [4, 5]. The implemen-
tation of pap smear has challenges in LMICs because of
the limited number of health centers that have cytopa-
thologist and other resources for pap cytology testing,
interpretation, and reporting of results to women after
a completed screening [2, 6, 7]. Though some of these
challenges have been addressed through the use of alter-
native screening options such as visual inspection with
acetic acid or Lugol’s iodine in rural settings and primary
healthcare centers in many LMIC communities, many
behavioral, social, and cultural barriers persist that hin-
der women from accessing screening [3, 7, 8].

Furthermore, many LMICs have a high prevalence
of HIV, an important risk factor for cervical cancer [1].
In 2022, there were an estimated 39 million people liv-
ing with HIV globally, including 1.3 million new cases of
HIV infection, with 46% of those new cases being among
women. Estimates also indicate that of the 39 million peo-
ple, approximately 25 million people are living in Africa
[9, 10]. Nigeria has the second highest number of people
living with HIV in the world with an estimated 2 million
people living with HIV [11]. In spite of this high disease

prevalence, awareness about HIV ranges between 9% and
89% depending on geographical region, age, income, and
level of education among other factors [12—14]. UNAIDS
estimate that in 2020, 90% of people living with HIV in
Nigeria knew their status and 86% of them are receiv-
ing antiretrovial therapies (ARTs) [15]. Knowledge about
cervical cancer screening and uptake of screening where
available, on the other hand, has remained poor in the
general population and among women living with HIV
prior to the COVID-19 pandemic [3, 16, 17]. Poor uptake
of screening among women living with HIV is cause for
concern since their risk of cervical cancer is 6-times that
of women uninfected by HIV [18]. This suggests that
though steps have been taken at healthcare institutions
to address some of the barriers to screening uptake that
women living with HIV face to accessing screening, many
of those barriers persist.

The COVID-19 pandemic brought notable disrup-
tions to the management of chronic diseases globally.
The cancer care continuum, and prevention and control
programs in the United States and globally experienced
disruptions due to nation-wide lockdowns imposed to
reduce the spread of the virus and were among the most
effective public health measures instituted by govern-
ments worldwide [2, 6, 19]. While these lockdowns,
work-from-home practices and other efforts were highly
effective for those living in high-income countries
(HICs), the impact of this practice on cancer prevention
and control in the US is not fully understood. A recent
study found that cervical cancer screening in the United
States dropped by 94% following COVID-19 lockdowns
and remained below 35% even after restrictions were
lifted [6]. Researchers also found that patients missed
important cancer prevention benchmarks such as diag-
nostic procedures and chemotherapy appointments, to
prevent exposure to COVID-19 [19, 20]. The impact that
the COVID-19 pandemic had on access to routine HIV
care globally also remains unclear, though researchers
have posited that since these two diseases have dispro-
portionately affected underserved communities, action is
needed in order to prevent exacerbating pre-existing dis-
parities in outcomes associated with HIV infection and
the COVID-19 pandemic [21].

In low-resource settings, studies evaluating the impact
of COVID-19 pandemic and the ensuing lockdowns on
the cancer care continuum are scarce, with one study
reporting changes in cancer treatment but not screening
[22]. This gap in research is partially due to the lack of
representative population-based cancer registries and a
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limited availability to describe trends in cervical cancer
screening [23]. Though studies have been conducted to
examine the impact of the pandemic on routine HIV care
in LMICs, findings from these studies vary significantly
by population and health system [24, 25]. The observed
heterogeneity in the literature on the impact of the
COVID-19 pandemic serve as a reminders that commu-
nities in LMICs vary meaningfully from each other in and
that there is a need to understand how community-level
HIV and cervical cancer burden interact with the health
system and policy implications of COVID-19 pandemic
lockdowns so that healthcare providers in each commu-
nity are equipped with knowledge of barriers to care that
their patients face in emergency situations.

In Nigeria, the lockdowns were instituted nation-wide,
limiting access to food, transportation, houses of faith,
and work, and the lack of adequate telecommunication
infrastructure limited access to tele-work opportunities.
For healthcare professionals who needed to physically be
present at work, limited availability of personal protective
equipment (PPE) reduced the services healthcare provid-
ers could offer to patients, created additional barriers in
access to healthcare facilities including routine HIV care,
access to highly active antiretroviral therapies (HAART),
and cervical cancer screening. The goal of the present
analysis, therefore, is to assess the use of cervical cancer
screening and routine HIV management before, during,
and after the lockdowns in response to the COVID-19
pandemic at a tertiary healthcare facility in North-Cen-
tral Nigeria.

Methods

We conducted a secondary analysis using data from the
AIDS Prevention Initiative Nigeria (APIN) clinic at Jos
University Teaching Hospital between January 2018 and
December 2021. Various services that cater specifically
to people living with HIV are available at no direct cost
to the patients receiving care within APIN including HIV
counseling, laboratory services including viral load and
CD4 count monitoring, tuberculosis (TB) screening and
treatment, pharmacy drug pickups, sexually transmitted
infection (STI) screening, and cervical cancer screening
offered through Operation Stop Cervical Cancer (OSCC).
OSCC began opportunistic screening and treatment for
cervical precancer in 2006 through support provided by
Exxon Mobil, Texas, USA, through the African Organi-
zation for Research and Training in Cancer (AORTIC)
[26]. OSCC also provides access to contraceptive services
upon request.

All the departments within APIN maintain detailed
physical and electronic medical records for all patients
who are enrolled in routine care at APIN including demo-
graphic characteristics (age, religion, state of residence,
marital status), clinical factors pertaining to adherence to
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HIV treatment (viral load, CD4 counts, missed appoint-
ments), risk factors (previous sexually transmitted infec-
tions, HIV status, parity, oral contraceptive use), and
clinical outcomes (outcomes of pap smear) of women
who were screened at the clinic, and other relevant out-
comes. Women received all necessary HIV care services
at APIN during a routine clinic day and were referred for
cervical cancer screening by a healthcare provider or self-
referral. We included data for all women living with HIV
who were screened for cervical cancer between January
2018 and December 2021. As our primary outcomes of
interest were adherence to HIV care and cervical cancer
screening access, men and people who were not infected
with HIV were excluded from these analyses. Addition-
ally, women with HIV viral load above 100,000 copies per
mL of blood were excluded from the analyses as this viral
load was greater than two standard deviations above the
mean.

A de-identified dataset was created of records from
women living with HIV who were screened for cervical
cancer between January 2018 and December 2021. The
database included demographics, clinical, HIV manage-
ment, history of STI, and pap smear outcomes. The pri-
mary analyses were conducted on all women meeting the
inclusion criteria of these analyses. Data were categorized
as follows: women screened in 2018 and 2019 (classified
as the pre-COVID pandemic period), women screened
between January and March 2020 (Quarter 1 2020),
women screened between April and June 2020 (Quarter
2 2020), women screened between July and September
2020 (Quarter 3 2020), women screened between Octo-
ber and December 2020 (Quarter 4 2020), and finally
women screened during 2021 (post-COVID pandemic
period). Descriptive analyses were conducted using the
six groups described above; means and standard devia-
tions were used for continuous variables, and analyses of
variance for categorical variables. Statistical significance
was set at p<0.05 for descriptive analyses. Data for these
analyses were aggregated and analyzed in 2020 using
STATA v.16 [Stata Corp, College Station, TX].

APIN maintains longitudinal records of all patients
using a unique patient identifier, that we were able to
assess the impact of COVID-19 pandemic mitigation
efforts on patient access to routine HIV management
and cervical cancer screening cross-sectionally and lon-
gitudinally. We used the cross-sectional approach to
identify the number of women who obtained care (pap
smear and HIV management) at APIN before, during,
and after COVID-19 pandemic mitigation efforts. All eli-
gible women were included in these analyses. However,
to obtain a cross-sectional sample of these data, we iden-
tified the “first” visit for each woman who obtained care
between 2018 and 2021 as indicated by the earliest date
at which each woman was seen at APIN. A dataset was
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Table 1 Descriptive statistics of women who obtained care at AIDS Prevention Initiative of Nigeria (APIN) between 2018 and 2021

(N=2,304)
2018-2019 2020 2020 2020 2020 2021
Pre-COVID Quarter 1 Quarter 2 Quarter 3 Quarter 4 Post-COVID
Restrictions January April - June July - September October Restrictions
- March - December
Mean % Standard Deviation
Age (in years) 467179 46.7+8.9 453%83 443+8.1 473x7.7 471187
Viral Load (copies per mL blood)? 1076+1203.0  484+1972  3541+17659  22074+411989.5 188.1+16904  4883+51344
N (%)
Education
No Formal Education 131(37.2) 22 48 (13.6) 133(37.8)
Primary 218 (41.8) 36 (7.0) 13( 76 (1 175 (33.5)
(Grade 1-8)
Secondary 300 (40.8) 45 (6.1) 8(1.1) 33 (4.5) 85(11.6) 264 (35.9)
(Grade 9-12)
Tertiary 253(37.6) 37(5.5) 8(1.2) 22 (33) 99 (14.7) 254 (37.7)
(Higher Education)
Marital Status
Single 195 (39.2) 25(5.0) 5(1.0 18 (3.6) 67 (13.5) 188 (37.8)
Separated 20 (34.5) 8(13.8) 0(0) 3(5.2) 9(15.5) 18 (31.0)
Married 462 (39.6) 81(7.0) 16 (14) 42 (3.6) 154 (13.2) 411 (35.3)
Divorced 43 (36.4) 9(7.6) 3(25) 2(1.7) 15(12.7) 46 (39.0)
Widowed 182 (41.2) 17 (3.9) 4(0.9) 13(29) 63 (14.3) 163 (36.9)
Antiretroviral Regimen Line
First Line 773 (39.6) 117 (6.0) 22(1.1) 65 (3.3) 277 (14.2) 699 (35.8)
Second Line 129 (39.3) 23(7.0) 6(1.8) 13 31(9.5) 126 (38.4)
Third Line ®
Pap Smear Outcome
Normal 755 (36.2) 130 (6.2) 30(1.4) 91 (4.4) 319(15.3) 762 (36.5)
Low-grade Abnormalities 126 (41.6) 24 (7.9) 0 5(1.7) 68 (22.4) 80 (26.4)
(ASC-US, LSIL, AC-US)
High-grade Abnormalities 9(10.5) 3(3.5) 0 0 17 (19.8) 57 (66.3)

(AGUS, HSIL, HSIL, suspect invasion)

2 HIV Viral load recorded above 100,000 copies per mL of blood were excluded from all analyses

b Insufficient sample size to display data

Table 2 Linear regression model illustrating mean difference in age of women who sought care at APIN by COVID period

N M+SE Unadjusted B8 (95% Cl) p-value
Pre-COVID (2018-2019) 902 46.7+0.26 Reference
2020 Quarter 1 (January — March) 140 46.7+0.74 0.02 (-1.43,1.49) 097
2020 Quarter 2 (April - June) 28 4531158 -1.45 (-4.55, 1.64) 0.35
2020 Quarter 3 (July — September) 78 443+0.97 -2.37 (-4.28,-0.46) 0.015
2020 Quarter 4 (October — December) 208 473+0.54 0.63 (-043,1.69) 0.24
2021 Post COVID Restrictions 826 47.110.39 0.37(-0.40, 1.14) 035

created which included demographic and clinical data
for each woman on the earliest date she obtained care
between 2018 and 2021. The primary analysis assessed
two questions; first, how many women obtained routine
care for HIV and cervical cancer screening before, dur-
ing, and after COVID-19 mitigation efforts were insti-
tuted, and second, to describe how demographic factors
such as age, level of education, marital status of women,
and pap smear use during these periods changed. The

analysis results displayed in Tables 1, 2 and 3 were con-
ducted using the cross-sectional dataset.

Previous literature suggests that people living with
HIV in this region may have increased use of health-
care services. To account for this, we also examined
these data longitudinally to assess whether the relevant
patient outcomes changed significantly among women
who were able to obtain care multiple times between
2018 and 2021. To achieve this, we compiled a second
dataset consisting of data from every visit for all women
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Table 3 Linear regression model illustrating mean difference in HIV viral load for women who sought care at APIN by COVID period

N M+SE Unadjusted B p-value Adjusted B2 p-value
(95% CI) (95% CI)
Pre-COVID Restrictions 891 107.3£40.3 Reference
2020 Quarter 1 138 48.2+£359.5 -59.2 0.86 -58.2 0.87
(January — March) (-764.1,645.7) (-762.1,645.5)
2020 Quarter 2 27 354.1+767.6 2464 0.74 1954 0.79
(April = June) (-1258.9,1751.7) (-1307.9, 1696.6)
2020 Quarter 3 77 22074+466.8 2099.8 <0.0001 2029.8 <0.0001
(July = September) (1184.5,3015.1) (1114.8,2944.9)
2020 Quarter 4 303 188.1+£261.3 804 0.75 95.8 0.71
(October — December) (-432.0,593.0) (-415.9,607.6)
2021 Post COVID Restrictions 819 488.31£190.2 380.7 0.04 390.2 0.04
(7.6,753.7) (17.72,762.7)

2 Adjusted for current age

who obtained care between 2018 and 2021. Using linear
regression models, we sought to describe how, if at all,
COVID-19 pandemic mitigation efforts impacted patient
adherence to HIV management regimens as measured by
changes in HIV viral load across the periods previously
described. To account for potential confounding between
more severe illness and greater number of clinic visits,
we stratified these analyses by number of clinic visits,
enabling us to identify changes in HIV viral load over the
periods in question, stratified by frequency of clinic visits
which serves as a proxy for disease severity. The analy-
sis results displayed in Table 4 were conducted using the
longitudinal dataset. In all analyses, recorded viral loads
over 100,000 copies/mL of blood were excluded from the
analyses as outliers which significantly influenced analy-
sis results.

Results

Table 1 displays the demographic and clinical character-
istics of the 2304 women included in these analyses by
the periods described above. On average, women were
between 44 and 47 years old, married, and had com-
pleted at least secondary school education. Most women
included in this study were being treated with first-line
antiretroviral therapy (85.5%), with average recorded
viral load ranging from 107.6 to 2207.4 copies per mL
of blood, with the lowest average viral load observed in
women obtaining care before the COVID-19 pandemic
and the highest average viral loads being observed in
women obtaining care between July and September 2020.
We observed a significant decrease in the number of
women who were screened for cervical cancer between
April and September 2020. The proportions of normal
pap smears between the period prior to the COVID-19
pandemic restrictions and the period after those restric-
tions were similar (36.2% vs. 36.5%). However, the pro-
portion of high-grade abnormalities detected in the
period after the COVID-19 pandemic restrictions was

significantly higher than the period prior to COVID-19
restrictions (66.3% vs. 10.5%).

We found that the number of women who were able
to obtain routine care for HIV decreased in 2020, with
the fewest number of women obtaining care between
April and September 2020 (Table 1). A similar trend
was observed pertaining to the number of women who
were able to receive pap smear, where screening uptake
decreased in 2020, with the most notable decrease being
between April and September of 2020 (Table 1).

Level of education and marital status were not related
to obtaining care across the six periods assessed in this
study (data not shown), but age was associated with
obtaining care. Specifically, the average age for women
who were seen for routine care for HIV between Janu-
ary and September 2020 decreased significantly com-
pared to the average age of women who obtained care
before the COVID-19 pandemic, as is shown in Table 2.
Compared to women seeking care at APIN before the
COVID-19 pandemic restrictions, women who received
care between July and September 2020 were on average
two years younger than women who were seen at APIN
before the pandemic (p=0.01, see Table 2).

Concerning changes in patient HIV viral load, we iden-
tified that compared to the average viral load of women
who obtained care at APIN before the COVID-19 pan-
demic, women who obtained care between July and
September 2020 and in 2021 had significantly higher
average viral loads, with 107.3 vs. 2207.4 copies/mL of
blood (p<0.0001) and 107.3 vs. 488.3 copies/mL of blood
(p=0.04), respectively, as displayed in Table 3.

As shown in Table 4, we classified women as hav-
ing one or more visits to APIN before COVID-19 pan-
demic mitigation efforts were put in place, in each
quarter of 2020, and in 2021. We identified that 76.7%
of women were seen at APIN between 2018 and 2021.
Among these women who had one visit between 2018
and 2021, we observed an increasing trend in average
viral load with the peak detected among women who
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Table 4 Linear regression models comparing mean differences in HIV viral load by COVID period and number of visits between 2018

and 2021

N M+SE Unadjusted 8 p-value Adjusted B ? p-value

(95% CI) (95% Cl)

Women who had 1 Visit 1747
Pre-COVID Restrictions 517 6571224 Reference
2020 Quarter 1 98 5594228 -9.82 0.98 -15.0 097
(January — March) (-861.7,842.0) (-865.6,835.6)
2020 Quarter 2 23 412443990 3467 0.68 3134 0.70
(April = June) (-1301.0,1994.3) (-1331.3,1959.0)
2020 Quarter 3 68 24983115450 24325 <0.0001 2375 <0.0001
(July — September) (1435.1,3429.9) (1379.0,3372.7)
2020 Quarter 4 281 2052+104.7 139.5 0.63 168 0.56
(October — December) (-433.4,712.6) (-403.9,741.6)
2021 Post COVID 760 4181+£161.8 352.3 011 389.9 0.08
Restrictions (-88.5,793.1) (-51.3,831.0)
Women who had 2 Visits 456
Pre-COVID Restrictions 240 2255+1409 Reference
2020 Quarter 1 60 245+7.7 -201.0 0.72 -220.2 0.70
(January — March) (-1340.4,938.4) (-1353.9,913.5)
2020 Quarter 2 8 409.0+£362.6 183.5 0.89 265.6 0.85
(April = June) (-2653.5,3020.6) (-2557.3,3088.6)
2020 Quarter 3 28 3254217 -192.9 0.81 -90.6 0.91
(July = September) (-1769.4,1383.4) (-1661.2,1479.9)
2020 Quarter 4 104 13.2%20 -212.2 0.65 -140.1 0.76
(October — December) (-1138.9,714.5) (-1063.9,783.7)
2021 Post COVID 16 5088.5+£5046.9 4863.0 <0.0001 4883.9 <0.0001
Restrictions (2824.8,6901.3) (2855.6,6912.2)
Women who had 3 Visits 64
Pre-COVID Restrictions 9 333+£220 Reference
2020 Quarter 1 18 15.9+£3.1 -174 0.81 -20.7 0.78
(January — March) (-162.4,127.6) (-169.3,127.9)
2020 Quarter 2 4 18.8+88 -14.5 0.89 -224 0.84
(April = June) (-228.0,198.9) (-242.8,198.1)
2020 Quarter 3 6 227.7+209.9 194.3 042 189.2 0.05
(July — September) (7.1,381.5) (-3.5,381.8)
2020 Quarter 4 27 4381266 104 0.87 12.77 0.85
(October — December) (-126.3,147.2) (-126.7,152.2)

2 Adjusted for age and level of education

were treated between July and September 2020. These
patients had significantly higher average viral load com-
pared to women who obtained care before the COVID-
19 pandemic, with 65.7 vs. 2498.3 copies/mL of blood
for each group, respectively (p<0.0001). We observed a
second peak in the average viral load among women who
obtained care after COVID-19 pandemic restrictions, but
that increase was not statistically significant (p=0.11).
Finally, we observed decreased average viral load
among the women who obtained care twice between
January and March 2020 (p=0.72) followed by increased
average viral load for the women who obtained care twice
in the following quarter (p=0.89) compared to women
who obtained care before the COVID-19 pandemic.
This increase was followed by two quarters in which

the average viral load decreased, though both changes
were not significant compared to women who obtained
care before the COVID-19 pandemic. However, among
women who obtained care twice in 2021, we observed
a significant increase in average viral load compared to
women who obtained care before the COVID-19 pan-
demic, with the average viral load of 5088 copies/mL of
blood (<0.0001). The average viral load among women
who obtained care three times within the study period
did not vary significantly in 2020 or in 2021 compared to
the pre-COVID pandemic period. However, we observed
increased average viral load for women who obtained
care three times between July and September (p=0.42).
We observed a similar trend among women who
obtained care four times during the study period, where
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trends suggest a non-significant increase in average viral
load compared to the period before the COVID-19 pan-
demic, but these women remained virally suppressed
regardless of the period in which they sought care (data
not shown).

Discussion

Overall, we found that COVID-19 pandemic lockdowns
had a significant impact on women’s ability to obtain rou-
tine cervical cancer screening and HIV management at
APIN in Jos University Teaching Hospital. On average,
younger women received care between April and Sep-
tember 2020, the periods immediately following COVID-
19 pandemic lockdowns, as compared to the period
before lockdowns began. We have also shown that cervi-
cal cancer screening uptake decreased significantly dur-
ing these periods. Finally, we have shown that on average,
patient viral load at clinic visits increased between April
and September 2020 and then again in 2021, with the
greatest increases in average viral load being observed
among women who obtained care once between July and
September, and women who obtained care twice in 2021.

As mentioned above, women who sought care in the
periods immediately following the COVID-19 pandemic
restrictions were on average younger than women who
sought care before the COVID-19 pandemic restrictions.
One possible explanation for this finding is that much of
the early public health messaging emphasized that older
individuals were at increased risk for COVID-19 infec-
tion. As such it is possible that younger women perceived
that their risk for infection was lower and were more
likely to seek routine care. One study conducted to assess
risk perception in ten countries found that perceived
lower risk of COVID-19 infection influenced their active
engagement in local COVID-19 pandemic mitigation
efforts [27]. To our knowledge, this is the first study con-
ducted in a low resource setting that shows trends similar
to those discussed in HICs.

Next, we learned that changes in patient viral load in
our study sample depended on the period at which viral
load was measured. More specifically, patients who had
the first viral load assessed in the pre-COVID period had
on average, lower viral load for the remainder of the study
period while patients who had the first viral load assessed
between July and September 2020 on average had higher
viral loads for the remainder of the study period. While
the literature around this finding in this setting is sparse,
this finding seems to point to the impacts of delays in
accessing HIV care because of COVID-19 pandemic
lockdowns. In Nigeria, as in many parts of the world in
March 2020, nationwide lockdowns were instituted and
enforced to minimize the spread of COVID-19. How-
ever, in Nigeria, unlike most places in the world, this brief
lockdown period was followed by a period in which the
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initial restrictions were scaled back to allow people to
purchase food and attend to their businesses. This period
also allowed patients to go to healthcare centers to obtain
necessary care. To be in alignment with WHO require-
ments of social distancing, the APIN clinic significantly
limited the number of patients who could be seen on the
days when it was open, per local government regulations.

These institutional, national, and global COVID-19
pandemic mitigation policies may be a significant con-
tributing factor to delays in patient care that resulted in
the increased average viral load observed in this study.
Studies examining the influence of the COVID-19 pan-
demic on HIV care in northeastern Nigeria, Ethiopia,
and South Africa observed similar trends, providing sup-
porting evidence to suggest that lockdown efforts nega-
tively impacted initiation of and adherence to HIV care
[24, 25, 28]. Interestingly, the study from South Africa,
which examined HIV care at public and private health-
care centers, showed that patients seeking care at public
healthcare centers may have experienced greater disrup-
tions to care than those seeking care at private health-
care centers [24]. This observed interruption in accessing
ARTs is estimated to be a significant contributor to HIV-
related deaths in high burden areas [29]. Additionally, the
increase in viral load among women with HIV has impli-
cations in advancing cervical carcinogenesis and devel-
opment of invasive cervical cancer [17].

Furthermore, we found that the number of clinic visits,
and the period in which those visits fell also significantly
influenced patient viral load. It is expected that increased
access to care, as measured by number of clinic visits
within the study period, would lead to better HIV man-
agement outcomes using viral load as a surrogate marker.
However, our study findings highlight that the benefit of
increased access to care was attenuated by the COVID-
19 pandemic mitigation efforts, with various COVID-19
periods showcasing statistically and clinically significant
higher viral loads among patients who were able to obtain
care more than once within that period. This finding is
difficult to explain given how quickly policies and guide-
lines regarding COVID-19 pandemic mitigation changed
in the months following global lockdowns in March
2020. However, one possible explanation is that delays in
accessing ARTs early in the pandemic period led to drug
resistance in some HIV treatment regimens, which is a
consequence observed in other contexts, leading to an
increased need for follow-up care that we observed [28,
30]. Regardless, this finding highlights a gap in our under-
standing of barriers within health systems and sociopo-
litical landscapes that influence patient access to care,
further exacerbated by the COVID-19 pandemic. The
literature examining interactions between COVID-19
infection and HIV infection and progression are incon-
clusive, with some studies failing to demonstrate the HIV
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infection increases susceptibility to COVID-19 and oth-
ers illustrating the opposite [31, 32]. Further research is
needed to examine whether co-infection with COVID-19
and HIV would influence HIV viral load.

Strengths and limitations

This study has many notable strengths. First, the data
collected during healthcare administration at APIN
had very limited missing data, enabling us to conduct
analyses cross-sectionally and longitudinally to compare
patient outcomes before and after the COVID-19 pan-
demic. Additionally, this study adds to existing literature
that illustrates specific interruptions to HIV care and cer-
vical cancer screening due to the COVID-19 pandemic.
However, the limitation on external validity to popula-
tions outside the study setting is duly acknowledged. All
patients represented in this database are women living
with HIV, thus the interpretations of these findings are
limited to this population. However, we believe that these
findings maybe applicable to similar low-resource set-
tings that serve people living with HIV.

Conclusions

The novelty of the COVID-19 pandemic and the varia-
tions in the policy measures and recommendations that
were taken to mitigate the spread of SARS-CoV-2 poten-
tially posed additional barriers to HIV care and cervi-
cal cancer screening uptake in North-Central Nigeria.
This added difficulty in obtaining care may have had dire
consequences in Nigeria because of the high prevalence
of HIV infection, and on UNAIDS 95-95-95 targets for
minimizing the burden of HIV globally [33]. Addition-
ally, HIV infection presents an important risk factor for
cervical cancer and requires consistent monitoring and
management to minimize the progression and mortal-
ity due to cervical cancer. These findings contribute to
the literature concerning the effect that the COVID-19
pandemic had on access to routine care in low-resource
settings, particularly in Nigeria. We have illustrated
here that uptake of pap smear reduced significantly after
April 2020 and did not return to baseline levels even in
2021, post-COVID restrictions. We have also illustrated
that uptake of routine HIV care also decreased signifi-
cantly in April 2020, resulting in increased average viral
load for women who obtained care from July 2020 and
onward compared to baseline. These findings highlight
the impact of disruptions to routine HIV care and cer-
vical cancer screening, enabling healthcare providers to
be better equipped to care for women living with HIV in
future emergency situations. Future research is needed
to explore how the delays in access to HIV management
may have impacted cervical cancer progression among
women in this and similar settings.
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