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Abstract

Background: The COVID-19 pandemic was associated with reported disruptions to healthcare delivery
and malaria control activities in remote, malaria-endemic indigenous communities with limited access
to healthcare. Remote indigenous communities in the Peruvian Amazon may have been especially
vulnerable due to interruptions in malaria surveillance, diagnosis, and treatment. We investigated the
impact of the COVID-19 pandemic on malaria burden, healthcare access, and community perceptions
in hard-to-reach indigenous communities in the Amazonas region of Peru. In malaria-endemic regions,
these lessons are particularly important because future health emergencies may similarly affect
surveillance, diagnosis, prevention, and treatment activities, potentially reversing gains achieved

through malaria control programs.

Methods: A convergent parallel mixed-methods study was conducted in 2021 and 2022 across four
indigenous communities in the Rio Santiago district, Amazonas region, Peru. Quantitative data were
collected through cross-sectional malaria surveys, and qualitative data were obtained through semi-
structured interviews with inhabitants, community health workers, and local health personnel. Malaria
infections were detected by microscopy and confirmed by PCR. Factors associated with the occurrence
of malaria infection were studied based on a generalized estimating equation (GEE) approach applied
to clustered binary outcome data and accounting for repeated observations within participants across
study years. Qualitative data were analyzed thematically, and both components were integrated using

the Pillar Integration Process framework.

Results: A total of 514 participants were included. PCR-based malaria prevalence was 17.6% in 2021
and 26.09% in 2022. P. falciparum prevalence was particularly high in the Alianza Progreso community
(2021: 24.19%, 2022: 16.16%) compared to the other studied communities. Previous malaria infection
and chills were associated with PCR-confirmed malaria infection. Qualitative findings indicated that
COVID-19-related disruptions affected malaria control activities by interrupting diagnosis and

treatment availability, reducing community follow-up, and prioritizing COVID-19 response activities
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over malaria control. Participants also described fear of COVID-19, temporary migration to farm areas,

and reliance on herbal medicine during the pandemic.

Conclusions: The COVID-19 pandemic may have contributed to exacerbated pre-existing challenges
to malaria control in remote indigenous communities in the Peruvian Amazon. Strengthening malaria
surveillance, ensuring continuity of diagnosis and treatment, and improving healthcare access in

geographically isolated communities will be critical to supporting malaria elimination efforts in Peru.

Keywords: SARS-CoV-2; malaria; mixed-methods research; Amazon region; indigenous population;

healthcare access.
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Author summary

The COVID-19 pandemic disrupted essential health services worldwide, with potentially greater
consequences for remote malaria-endemic communities with limited healthcare access. Indigenous
populations in the Peruvian Amazon faced additional challenges due to interruptions in malaria

surveillance, diagnosis, treatment, and control activities.

We assessed the impact of the COVID-19 pandemic on malaria burden and healthcare access in four
remote indigenous communities in the Amazonas region of Peru by combining malaria screening with
interviews involving community members, community health workers, and healthcare personnel. Our
findings showed persistent malaria transmission during the pandemic period, particularly in
communities affected by Plasmodium falciparum. Participants reported reduced access to malaria
diagnosis and treatment, fewer community follow-up activities, fear of attending health facilities, and

changes in healthcare-seeking behaviors.

These findings highlight how health emergencies can intensify existing barriers in geographically
isolated populations and threaten malaria elimination efforts. Strengthening resilient health systems and
ensuring continuity of essential malaria services during future crises will be critical to protect vulnerable

communities in the Amazon region.
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85  Introduction
86  During the COVID-19 pandemic, major disruptions in healthcare delivery affected malaria control

87  programs worldwide, particularly in low- and middle-income countries. Between 2020 and 2021, global
88  malaria cases rose from 221 million to 241 million, and nearly 73% of malaria programs reported
89  operational disruptions, with 19% experiencing severe interruptions in malaria-related services (1, 2).
90  These disruptions contributed to an estimated 14 million additional malaria cases and 69,000 additional
91  deaths in 2020 compared with pre-pandemic levels (1). Lockdowns, mobility restrictions, reduced
92  access to healthcare, and fear of SARS-CoV-2 exposure further affected health-seeking behavior and

93  the continuity of malaria diagnosis and treatment (3-5).

94  In Peru, the COVID-19 pandemic has exacerbated longstanding socioeconomic inequalities and major
95  structural limitations in the healthcare system, particularly affecting remote and socially vulnerable
96  populations in the Amazon region (1-3). During the pandemic, healthcare resources and public health
97  priorities were largely redirected toward COVID-19 response activities, disrupting routine malaria
98 surveillance, diagnosis, treatment, and vector control interventions. These challenges were especially
99  pronounced in indigenous riverine communities, which are characterized by poor geographical
100  accessibility, limited access to healthcare facilities, and persistent difficulties in sustaining malaria

101 surveillance and control coverage (4).

102 Malaria transmission in Peru is concentrated in Amazonian regions, particularly Loreto, Amazonas, and
103 Junin, which together account for approximately 98% of all reported malaria cases nationally (5).
104  Transmission is highly heterogencous and often sustained by asymptomatic and submicroscopic
105  infections, complicating surveillance and elimination efforts in remote communities. Although
106  intensified malaria control interventions substantially reduced the malaria burden in Loreto between
107 2017 and 2020 (reducing from 53178 to 13385 reported cases), the Amazonas region presented a
108  particularly significant increase in reports during that period (increasing from 855 to 1553)(6, 7). Peru
109  experienced a resurgence of malaria cases after the COVID-19 pandemic, with the number of cases

110  rising from approximately 18,000 reported cases in 2019 to more than 27,000 in 2022 (8). This
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111 resurgence has been partially attributed to interruptions in malaria control activities during the pandemic

12 (9).

113 Inresponse to this epidemiological context, Peru launched a national malaria elimination plan in 2022,
114  aiming to eliminate malaria by 2030 in priority areas and by 2045 nationwide (10). However, major
115  challenges persist in remote indigenous communities, including limited access to healthcare, logistical
116  barriers to diagnosis and treatment, a high proportion of undetected infections, and a situation which is
117 further complicated by a limited understanding of how the COVID-19 pandemic may have affected
118  malaria control efforts, therefore posing new threats to elimination efforts in the future when confronted

119  with new emerging health threats (11, 12).

120  Although Amazonas was among the last regions in Peru to report COVID-19 cases, the virus rapidly
121 spread throughout the northern province of Condorcanqui, home to the Awajin and Wampis indigenous
122 populations. Interestingly, the mortality rate reported in Condorcanqui during 2020 (0.65%) was
123 substantially lower than those death rates observed in the Amazonas region (1.47%) and Peru overall
124 (3.7%)(11). Nevertheless, the broader consequences of the pandemic on healthcare access, disease

125  surveillance, and malaria transmission in these remote communities remain poorly understood.

126 Despite the public health relevance of these populations and the overlapping challenges posed by
127  malaria and COVID-19, no studies have simultaneously evaluated malaria burden, healthcare access,
128  and community perceptions during the pandemic in remote Indigenous Amazonian settings. This
129  knowledge gap limits the development of evidence-based strategies to strengthen malaria control and

130  elimination efforts in these vulnerable populations.

131 Experiences during the COVID-19 pandemic provide valuable lessons for strengthening preparedness
132 and response capacities for future public health emergencies and can reveal underlying weaknesses in
133 health systems, particularly in remote and underserved settings. Therefore, we conducted a convergent
134  parallel mixed-methods study in four hard-to-reach indigenous communities in the Rio Santiago district

135  of the Amazonas region in Peru. We combined cross-sectional malaria screening surveys with semi-
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136  structured interviews to investigate malaria prevalence, factors associated with infection, healthcare-
137  seeking behavior, and perceptions of malaria prevention and care during the pandemic. By integrating
138  epidemiological and qualitative evidence, we aimed to understand better how pandemic-related

139  disruptions may have affected malaria burden and continuity of care in remote indigenous communities.

140 Methods

141 Study area and population

142 The study was conducted in four communities in the Rio Santiago district, Condorcanqui province, in
143 the Amazonas region of Peru: Alianza Progreso (AP), Caterpiza (CZ), Chapiza (CH), and Nueva
144  Esperanza (NE), with data collected in October 2021 and between February and March 2022. The study
145  communities are located along the Rio Santiago River near the Ecuadorian border (Figure 1) and are

146  accessible from Nieva town, the capital of Rio Santiago, via river transport (>90 km).

147  The population is predominantly composed of the Awajin and Wampis indigenous groups living under
148  conditions of socioeconomic vulnerability, with no access to potable water, electricity, and limited
149  healthcare services. The Rio Santiago district encompasses approximately 60 indigenous communities
150  with a total population of 16,878 inhabitants and is located near the Ecuadorian border (13). Total
151  inhabitants per study community were AP with 224 inhabitants, CZ with 414 inhabitants, CH with 950

152  inhabitants, and NE with 227 inhabitants.

153  Among the four study communities, only CH and CZ have health posts. Therefore, residents of AP and
154  NE must travel by boat to access healthcare services in neighboring communities. In communities
155  without health posts, individuals with suspected malaria are initially evaluated by community health
156  workers (CHWs) trained by the Ministry of Health (MoH), who perform rapid diagnostic tests (RDTs)
157  and support malaria prevention activities. Blood smears are then transported to the nearest health post

158  for confirmation by light microscopy, the routine reference diagnostic method in the study area.

159  Treatment is administered according to the Peruvian national guidelines, based on Plasmodium species

160  identification and adjusted for patient age and weight (14).
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Figure 1. Location of the four study communities in the Rio Santiago district, Alianza Progreso (AP),
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Caterpiza (CZ) Chapiza (CH) and Nueva Esperanza (NE), in Condorcanqui province, Amazonas region,
Peru. The map was designed using QGIS Geographic Information System (Version 3.34.1), available

at https:/www.qgis.org. The data was visualized and placed in a spatial context using the

OpenStreetMap base layer, available at https://www.openstreetmap.org. Regarding rivers, the

geospatial information was obtained from the Peruvian national water authority (Autoridad Nacional

del Agua - ANA), publicly available at https://snirh.ana.gob.pe/ConsultalDE/.

Study design, sampling and data collection

A convergent parallel mixed-methods study with a cross-sectional design was conducted. Quantitative

and qualitative data were collected concurrently, analyzed independently, and then integrated using the
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173 Pillar Integration Process (PIP) framework (15), which synthesizes both components by listing,

174  matching, checking, and building pillars to generate a joint display of findings (Table 2).

175  Field activities were conducted in collaboration with personnel from the Direccion Regional de Salud
176 (DIRESA) Amazonas (the local MoH dependency). In both 2021 and 2022, participant recruitment,
177  sample collection, and data collection were conducted through active case detection (ACD).
178  Recruitment strategies differed between study years: in 2021, participants were recruited through door-
179  to-door household visits, whereas in 2022, recruitment was conducted through community-wide

180  announcements using communal loudspeakers.

181  For the quantitative component, participants provided written informed consent before completing a
182  structured questionnaire and undergoing malaria screening. Diagnostic samples included thick and thin
183  blood smears for microscopy, which were examined by trained personnel from DIRESA Amazonas for
184  routine malaria diagnosis and case management. Participants diagnosed with malaria received treatment
185  according to national guidelines (16). In addition, dried blood spots collected on Whatman filter paper
186  from all participants were transported to the Instituto de Investigacion en Enfermedades Tropicales,
187  Universidad Nacional Toribio Rodriguez de Mendoza (Amazonas, Peru), for molecular confirmation

188  and further analysis.

189  For the qualitative component, semi-structured interviews were conducted and audio-recorded in
190  February 2022. The semi-structured interviews explored perceptions and experiences related to malaria
191  prevention, healthcare access, and malaria care during the COVID-19 pandemic. Separate interview
192 guides in Spanish were developed for community members and healthcare personnel. Participants
193  included inhabitants, health personnel, and community health workers, recruited through convenience
194  sampling. This approach was considered appropriate given the remote location of the study settings, the
195  limited number of healthcare workers involved in malaria, and the logistical challenges associated with
196  accessing the community. Audio-recorded informed consent was obtained from all interviewees before

197  data collection. Recruitment continued until the data sufficiently addressed the study’s scope (17).
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198  Although Indigenous languages were the primary language spoken by participants in their communities,
199  all interviewees were bilingual and demonstrated sufficient fluency in Spanish to participate
200  comfortably in the interviews. Spanish was routinely used in healthcare interactions within the study
201  setting and was therefore selected as the interview language. Participants were offered the opportunity
202  to communicate in their preferred language; however, all interviews were conducted in Spanish, and
203  the use of an interpreter was not necessary. This approach minimized potential translation-related data

204  loss while facilitating direct communication between participants and the research team.

Data collection Data analysis
Cross sectional Convergent parallel
I N 4 1
2021 2022
v v

\/
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AV

205

206  Figure 2. Overview of the convergent parallel mixed-methods study design, including quantitative and

207  qualitative data collection, independent analyses, and integration via the Pillar Integration Process.

208

209 Ethics

210  The study was approved by the Ethics Committee of the Universidad Nacional Toribio Rodriguez de
211 Mendoza de Amazonas, Peru (approval code: CIEI-004). All adult participants (=18 years) provided
212 written informed consent before participating. For participants younger than 18 years, written informed
213 consent was obtained from a parent or legal guardian, and assent was obtained from minors when

214  appropriate.
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215  Laboratory procedures

216  Microscopy-based malaria diagnosis was conducted in the communities in accordance with Peruvian
217  Ministry of Health (MoH) guidelines (14). Participants with microscopy-confirmed malaria infections
218  received treatment from MoH personnel based on the identified Plasmodium species and national
219  treatment guidelines. For quality control, a random subset of thick and thin blood smears was
220  independently re-examined by an expert microscopist in the Laboratorio Intermedio de Salud Publica

221 Condorcanqui.

222 In addition to blood smears, dried blood spots collected on Whatman filter paper were processed for
223 molecular analysis. DNA was extracted from dried blood spots using the DNeasy Blood and Tissue Kit
224 (17), and Plasmodium detection was performed using species-specific real-time PCR targeting the 18S
225  rRNA gene, as previously described (18). Samples that were inconclusive by real-time PCR were

226  subsequently confirmed by nested PCR (19).

227  All malaria infections detected by PCR were notified to the DIRESA Amazonas to ensure appropriate

228  clinical management and follow-up in accordance with national malaria control procedures.

229  Data analysis

230  Survey data were initially collected using paper-based forms and later digitized in REDCap 12.4.7.
231 Quantitative data management and statistical analyses were conducted in R version 4.5.0 (R Core Team,
232 2025) using the epiR and glmtoolbox packages. Malaria prevalence and factors associated with infection

233 were estimated based on PCR-confirmed infections.

234  Given PCR's higher sensitivity compared with light microscopy, malaria infection was defined as a
235  PCR-positive result for any Plasmodium species. Overall malaria prevalence was estimated and further
236  stratified by Plasmodium species and study community. Plasmodium spp. prevalence values were
237  compared across communities using Fisher’s exact test as some expected cell counts were too small.

238  Because some participants were surveyed in both 2021 and 2022, a generalized estimating equation
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239  (GEE) approach was adopted to account for within-participant association induced through repeated
240  measurements of the same individuals. We estimated two GEE models regressing the binary
241 Plasmodium spp. PCR result against I) factors potentially influencing malaria prevalence and II) further
242 including interaction effects to assess the possible effect modification by study year. Competing GEE
243 models were compared using the Quasi-likelihood under the Independence Model Criterion (QICu),
244 and the model with the lowest QICu value was selected as the best-fitting and most parsimonious model.

245  All statistical tests were two-sided with a significance level of 0.05.

246  Interviews were audio-recorded, transcribed verbatim, and translated from Spanish to English by a
247  trained, native Spanish-speaking member of the research team. Qualitative data were analyzed using
248  thematic analysis, following the six-step framework of Braun and Clarke as described in the AMEE
249  guideline (20, 21). Initial coding was conducted manually by one researcher, and codes, themes, and
250  subthemes were subsequently reviewed and refined through iterative discussions among three members
251 of the research team, including two epidemiologists (one conducted the interviews) and an MD with
252 expertise in qualitative methods. The discussions facilitated the examination of alternative

253  interpretations and helped ensure that emerging themes were grounded in participants’ accounts.

254  Triangulation of results

255  Inthe mixed-methods analysis, methodological triangulation (quantitative and qualitative data) and data
256  source triangulation (inhabitants, community health workers, and health personnel) were undertaken to
257  examine convergence, complementarity, and discrepancies across findings. Integration was
258  subsequently conducted using the PIP to construct a joint display (15). The process involved four stages:
259  listing, matching, checking, and pillar building. Findings from both components were first analyzed
260  separately and then compared across data sources and methods. Through an interactive and
261  interpretative process, integrated themes (“pillars”) were generated to provide a comprehensive

262 understanding (15).
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263 Results

264  Sociodemographic and epidemiological characteristics

265 A total of 514 inhabitants were surveyed across the four communities. Individuals in CH were surveyed
266  only in 2021, while residents in CZ were surveyed only in 2022. AP and NE inhabitants were surveyed

267  in both study years.

268  The median participant age was 19 (IQR: 11 — 36), with AP and NE having a slightly older population
269  than CH and CZ (Table 1). The proportion of participants without formal education was significantly
270  different across communities (Annex 1, p-value <0.001), with CZ (16.53%) and AP (16.15%) showing
271 a higher observed value than CH (2.11%) and NE (8.03%) (Annex 1). The most frequently reported
272 occupations were student (43.77%), farming (22.96%), and housewife (21.40%), while unemployment

273 among adult participants was low (10.70%) (Annex 1).

274 Use of bed nets as a malaria preventive measure varied substantially across communities, ranging from
275 27.27% in CZ to 83.85% in AP (Annex 1). Self-reported malaria episodes in the year preceding the
276  survey were most frequent in AP, with half of the participants reporting a prior malaria infection and

277  significant differences between communities (Annex 1).

278  Self-reported COVID-19 infections in the year preceding the survey were significantly higher in CZ

279 (80.17%), followed by AP (55.90%), NE (37.96%), and CH (32.63%) (Annex 1).

280  Results for quantitative analysis: malaria prevalence and associated factors

281  Malaria prevalence

282  Malaria prevalence by study year and community was estimated using both microscopy and PCR
283  (Annex 2). Overall, PCR-based malaria was higher in 2022 (26.09%; 95% CI 21.01-31.69) than in 2021
284  (17.65%;95% CI 13.02-23.10). In 2021, PCR malaria prevalence in AP (46.77%, 95% CI 33.98-59.88)

285  was significantly different from the malaria prevalences in CH and NE (p-value<0.001, Fisher’s exact
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test), with lower observed prevalences in CH (6.32%, 95% CI 2.35-13.24) and NE (8.64%, 95% CI

3.55-17.0).

Divided by year and species, in 2021 AP showed a significantly different P. vivax (20.97%; 95% CI
[11.66-33.18]) and P. falciparum (24.19%; 95% CI 14.22-36.74) PCR prevalence than other
communities (Annex 4, p-value < 0.001), with higher observed prevalence values than CH and NE
(Annex 4). A similar pattern was observed in 2022, with AP having significantly different P. falciparum
prevalence than CZ and NE (Annex 4, p-value<0.05) and a higher observed prevalence (Annex 4). No
significant differences were observed in P. vivax prevalence between communities. Notably, the highest

P. vivax prevalence was found in NE (28.57%; 95% CI 17.3-42.21) (Annex 4).

Factors associated with malaria infection

The mean model, including the variables gender, community, occupation, COVID self-report,
comorbidities, previous malaria self-report, headache, muscular pain, chills, wood house materials, and
animals surrounding the households, showed the best fit compared with the full model (full model
QICu: 442.64 vs final model QICu: 423.153). Interactions with the study year were further evaluated

to assess whether associations differed between 2021 and 2022 (QICu: 372.39) (Table 1).

Table 1. GEE analysis of factors associated with PCR-confirmed malaria infection

Not adjusted by year Adjusted by year and interactions

Characteristic OR 95%ClI p-value OR 95%CI p-value
Gender

Female - - - -

Male 0.58 0.33, 1.02 0.057 0.55 0.24,1.25 0.152
Community

AP — — — —

CH 0.09 0.03, 0.30 0.000 0.11 0.03, 0.40 0.001

Ccz 0.38 0.21, 0.68 0.001 0.40 0.20, 0.78 0.007

NE 0.38 0.21, 0.68 0.001 0.56 0.29, 1.06 0.073
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Occupation
Farmer — - - —
Housewife 0.99 0.44,2.23 0.981 0.85 0.36, 2.01 0.705
Others 0.77 0.09, 6.72 0.815 0.98 0.12,7.86 0.984
Student 1.26 0.65, 2.46 0.500 1.14 0.57, 2.31 0.705
Unemployed 0.89 0.35, 2.30 0.817 0.81 0.28, 2.32 0.688
Covid
No — - — -
Yes 0.82 0.48, 1.41 0.474 1.08 0.61, 1.91 0.789

Comorbidities

No — - — -

Yes 0.43 0.14,1.38 0.157 0.45 0.13, 1.50 0.192
Malaria self-
report

No - — — -

Yes 0.50 0.28,0.92 0.025 2.90 1.25,6.72 0.013
Headache

No — - — -

Yes 1.84 0.85, 3.99 0.121 2.68 1.17,6.14 0.020
Muscular pain

No — - — -

Yes 1.54 0.73, 3.23 0.255 1.92 0.88, 4.22 0.103
Chills

No — - — -

Yes 2.27 1.10, 4.65 0.026 2.43 1.13,5.25 0.023
Wood

No — — — -

Yes 0.37 0.13,1.07 0.066 0.46 0.15, 1.40 0.171
Animals

No — - — -

Yes 1.16 0.72,1.88 0.543 1.10 0.67, 1.80 0.717

Year
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2021 — —

2022 1.80 0.78, 4.15 0.169
Gender * Year

Male * 2022 0.95 0.36, 2.47 0.912
Malaria self-
report * Year

Yes * 2022 0.06 0.02,0.19 0.000

Cl = Confidence Interval

302

303  When we do not adjust by year, participants reporting previous malaria infections had lower odds of
304  PCR-confirmed Plasmodium spp. infection (OR: 0.5, 95% CI 0.28-0.92) while adjusting by other
305  factors (Table 1). Similarly, the presence of chills during screening was strongly associated with PCR-
306  confirmed Plasmodium spp. (OR: 2.27, 95%CI 1.10-4.65). In contrast, residing in CH (0.09, 95% CI
307  0.03-0.30), CZ (0.38, 95% CI 0.21-0.68), or NE (0.38, 95% CI 0.21-0.68) was associated with lower

308  odds of malaria infection compared with living in AP, after adjusting for covariates (Table 1).

309  For the GEE approach, including year and interactions between malaria self-report, gender and year
310 revealed an effect modification between year and malaria self-report. In 2021, participants who self-
311  reported a previous malaria infection had 2.90 (95%CI 1.25-6.72) times higher odds of a PCR-
312 confirmed Plasmodium spp. infection compared to those who did not. However, this association was
313 reversed by 2022, indicating that the relationship between malaria self-report and current PCR-

314  confirmed infection was not consistent across study years (Table 1).

315  Results of qualitative analysis: thematic analysis of semi-structured questionnaires

316  Perception of the COVID-19 pandemic on malaria care and burden

317  Fourteen semi-structured interviews, each lasting 10 to 30 minutes, were conducted. Interviewees

318  included three local MoH health personnel (one female and two males), two community health workers
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319  (one female and one male), and nine community inhabitants (two females and seven males). To avoid

320  deductive disclosure, participants were identified by participant codes P1 to P14.

321  Thematic analysis identified three major themes and eight subthemes regarding the impact of the

322 COVID-19 pandemic on malaria prevention, diagnosis, and healthcare access in the study communities.

323  Community impacts of the COVID-19 pandemic

324  Participants described major disruptions in social, economic, educational, and healthcare systems
325  during the COVID-19 pandemic: “COVID has affected a lot in the economy, politics and socially”
326 [P8]. Interviewees also highlighted the central role of healthcare personnel in COVID-19 response
327  activities, including community-level monitoring and case follow-up, supported by internal strategies
328  such as the “purple alert”, which was implemented by the health personnel to control the re-emergence

329 of COVID-19 cases.

330  Malaria care disruptions during the COVID-19 pandemic

331  Participants reported substantial interruptions to malaria control activities during the pandemic,
332  including reduced surveillance, medication shortages, and delays in malaria diagnosis and treatment:
333 “There was a community health promoter that was doing rapid tests for malaria, he used to go to the
334 health post with the information, and there they used to tell him that there was no treatment ’[P3].

335

336 Several interviewees perceived that healthcare efforts were prioritized for COVID-19 response
337  activities over malaria control: “... in this case, they prioritized COVID... to be honest, I think it’s
338  around 8 years that we have malaria here, and we can’t eliminate it, so in this community people don’t

339  suffer that much with COVID, what attacks us is malaria...we should prioritize malaria” [P8]

340  Barriers to malaria diagnosis and malaria prevention behavior in the community
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341  Although malaria-related activities gradually resumed after 2020, participants emphasized persistent
342  barriers to healthcare access, especially in communities without health posts, and highlighted that
343  population behavior towards prevention is weak: “Malaria can be defeated. It's just that the population,
344  people don't comply with recommendations” [P5]. Given the shortage of malaria treatment,
345  interviewees also reported relying on herbal or traditional medicine, and also did the same practice for

346 COVID-19: “Most people in the jungle are cured with herbal medicine” [P8].

347  Results of the joint display with quantitative and qualitative components

348  Quantitative and qualitative findings were integrated using a joint display within the PIP framework.
349  Five integrated themes were built up from the combined analysis, highlighting how COVID-19-related
350  disruptions affected malaria burden, healthcare access, continuity of malaria control activities, and

351  community perceptions of malaria prevention and treatment (Table 3).

352 Differences in observed malaria prevalence during the pandemic

353  The increased malaria prevalence observed during the COVID-19 pandemic appears to reflect not only
354  ongoing transmission but also the indirect effect of health system disruption, whereby interruptions in
355  malaria surveillance, diagnosis, prevention, and treatment activities may have reduced the capacity to

356 detect and control infections in remote communities.

357  Persistent malaria burden in highly affected communities

358  The convergence of epidemiological data and community and health workers’ experiences suggests that
359  malaria has become a normalized and enduring component of daily life in highly endemic communities,

360  reflecting persistent transmission despite ongoing control efforts.

361 Limited healthcare access in remote communities
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362  Geographical isolation emerges as a fundamental determinant of malaria risk, linking limited access to
363  healthcare services, reducing treatment opportunities and continue community-level transmission,

364  thereby reinforcing health inequities in remote Amazonian settings.

365 Community perceptions and malaria prevention practices

366  The persistence of malaria among individuals with previous infection histories suggests that the
367  experience with the disease does not necessarily translate into effective prevention, highlighting how

368  structural and behavioral barriers may limit the adoption and sustainability of preventive practices.

369  Symptom overlap between malaria and COVID-19

370  The overlap between malaria and COVID-19 symptomatology may have introduced diagnostic
371  uncertainty during the pandemic, potentially affecting symptom recognition and timely case

372 management, thereby masking the true burden of malaria in remote communities.
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Table 2.- Joint display of integrated quantitative and qualitative findings

INTEGRATION

ANTITATIVE COMPONENT ALITATIVE COMPONENT
Qu PROCESS QU
titati itati litati
Quantitative Quantlta.t e Pilar building themes Qualita ‘1ve Qualitative codes
data categories categories
Consequences of the
q . .| "Some families didn't want us to visit them, they were afraid of us
COVID-19 pandemic in | | . . ) "
. since we were in contact with many sick people"- P1

o the population
17.65%

l ) Increased
prevaience in overall Differences in "In the health post they said that medication ran out, so for malaria

2021

26.09%
prevalence in
2022

prevalence of
malaria
infections in
2021 and 2022

observed malaria
prevalence during
the pandemic

Interruption of malaria
logistics and activities

we didn’t get the treatment"- P8

"There was a health promotor that was doing rapid tests for malaria,
he used to go to the health post with the information and there they
used to tell him that there was no treatment"- P12

"Health promotion totally stopped"- P1

"We had people with malaria, we diagnosed them, and they were
affected because medication was not reaching the community"- P2

24.19% P.
falciparum
prevalence in
Alianza
Progreso, 2021

16.19% P.
falciparum
prevalence in

Alianza
Progreso, 2022

Highest
prevalence of P.
falciparum in
Alianza Progres(
in contrast with
the other
communities

Persistent malaria
burden in highly
affected
communities

Perceived persistence
of malaria burden and
prioritization of
COVID-19

"It remained the same. Not many people had it, it didn’t decrease
either, it remained the same" [regarding malaria burden] — P1

"There were malaria cases. Here we had more than 20 patients in one
single month"- P8

"Malaria was about to be done, but then COVID came, we neglected
malaria and then cases raised again"- P6

"...in this case I think they prioritize COVID... to be honest, I think it's
around 8 years that we have malaria here and we can't eliminate it, so
in this community people don't suffer that much with COVID, what
attack us is malaria...we should prioritize malaria"- P9
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Limited healthcare
malaria control

"In September and October [of 2020], the brigades arrived... but
malaria decreased when they came and then again increased"- P7

. . L activities
Chapiza having | Variations in - - - -
.. "...since we don't have a health post nearby, neither in our community,
lower odds access to Limited healthcare , . o ;
. . . that's why malaria is difficult to eliminate'- P9
(OR=0.09) in health services access in remote e \ o ]
. . . Lack of nearby Since we don't have our own health post, it is difficult to defeat this
comparison in each communities i i ,
. . healthcare disease. Because sometimes health workers come to fumigate the
with others community e ]
facilities community, stay here one day and the next day they leave, but when
will they come back? in one single campaign is not possible to defeat
malaria" — P8
"Population's behavior to prevent malaria is still the same in the
Previ lation" — P12
revu?us Community . eopu a .zon - . '
malaria . . Challenges in treatment | "Malaria can be defeated. It's just that the population, people don't
. , Associated perceptions and , .,
infections . . adherence and comply with recommendations" — P11
. factor malaria prevention . . ,
adjusted by . prevention For example, a patient in treatment, takes some pills and then
practices , . L
year: OR=2.9 stops...they don't finish the treatment, they remain with the rest of the
pills so that they can use them for their children or any relative” — P8
" ... for example, the symptoms make them get confused, and we were
Chills as Associated Symptom overlap Confusion between | with that mentality that if you feel a symptom, it is COVID, COVID,
Symptom factor between malaria and | malaria and COVID-19 | COVID..." - P2
(OR=2.27) COVID-19 symptoms "...when patients came, we asked them what the symptoms were, they

used to reply 'same as COVID'" - P1
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375 Discussion

376  The present study identified a substantial malaria burden in remote indigenous communities from the
377  Amazonas region during the COVID-19 pandemic. Moreover, the prevalence estimates obtained from
378  PCR and microscopy underscore the presence of submicroscopic infections that remain undetected in
379  routine surveillance, highlighting the need to strengthen diagnostic approaches by deploying molecular
380  tools in such settings. Similar findings have been reported in previous studies from Peru and other
381  endemic settings, where molecular diagnosis improved detection of asymptomatic and low-density
382  infections that are frequently missed by microscopy (22-25). Likewise, a recent report from indigenous
383  communities in Amazonas revealed that nearly 75% of submicroscopic infections were asymptomatic
384  (12). These findings are particularly relevant within the framework of the Peruvian National Malaria

385 Elimination Plan 2022-2030.

386  Although malaria prevalence was estimated to be higher in 2022 than in 2021, these differences should
387  be interpreted with caution because participant recruitment strategies differed between study years.
388  Door-to-door household recruitment was used in 2021, whereas opportunistic recruitment through
389  community announcements was implemented in 2022, potentially increasing participation of

390  symptomatic individuals.

391  Our findings suggest that malaria control activities were affected during the COVID-19 pandemic in
392  the studied communities. Quantitative and qualitative findings jointly indicated interruptions in malaria
393  diagnosis, treatment availability, health promotion activities, and community follow-up. Interviewees
394  reported medication shortages, interruptions to malaria surveillance activities, and the prioritization of
395  COVID-19 response efforts over malaria control. Similar disruptions in malaria care services during
396  the pandemic have been reported in several low-and middle-income countries, including diagnosis,

397  treatment, and supply chains (26-30).

398  Moreover, respondents were aware of how the pandemic has affected them. Most interviewees

399  highlighted how specific aspects of their lives (economic, social, and political) were affected: “What I
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400  can say is that COVID-19 has affected a lot in the economy, politics, and socially” [P8]. These
401  consequences were also identified by other studies in rural areas (26, 31), they reported that poor
402  households were adversely affected, leading to not only social and economic imbalance but also to
403  potential psychological issues due to stress. Although, mental health issues were not mentioned or
404  clearly identified by our interviewees, COVID-19 certainly caused alert and fear in the population: "4

405  lot of inhabitants have suffered due to this disease, but more they were feared to COVID-19" [P2].

406  Communities without health posts faced greater barriers to accessing healthcare and malaria follow-up.
407  Participants emphasized that malaria control activities often relied on periodic visits from healthcare
408  brigades (for screening and treatment), and access to diagnosis and treatment was abruptly interrupted
409  and complicated to perform during the pandemic: "All the health attention, planning (family planning),
410  control, immunization, and schools were stopped” [P13]; “There was a community health promotor
411  that was doing rapid tests for malaria, he used to go to the health post with the information and there
412  they used to tell him that there was no treatment” [P3]; “The medication was not reaching the
413 communities” [P1]. These limitations are consistent with the high malaria prevalence observed in some
414  communities, particularly in Alianza Progreso and Nueva Esperanza. Together, these findings highlight
415  the vulnerability of remote indigenous communities to interruptions in healthcare delivery during public

416  health emergencies.

417  Although P. vivax is reported as the predominant malaria species in Peru, our results showed a high
418  prevalence of P. falciparum in Alianza Progreso during both study years. Previous reports from Loreto
419  and Amazonas have documented increasing P. falciparum transmission and re-emergence in areas
420  where the species had previously declined (24, 25, 32, 33). The persistence of P. falciparum
421  transmission in these remote communities demands further epidemiological and molecular
422  investigation, particularly given its implications for malaria elimination efforts. Moreover, such
423  variations in both years could also be partially explained by the strong seasonality of malaria
424  transmission, since the first intervention was conducted during dry season (October 2021) and the

425  second during rainy season (February 2022) (34).
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426  Previous malaria infections were associated with higher odds of PCR-confirmed malaria infection,
427  which may reflect persistent exposure to malaria transmission or recurrent infections. Additionally, the
428  qualitative results show a discrepancy in perceptions of the malaria burden in the community during the
429  pandemic. Interviewed community members perceived malaria to be highly prevalent within their
430  communities: “There were malaria cases. Here we had more than 20 patients in one single month”
431 [P3]; however, they were unable to determine whether the frequency had increased compared with the
432 pre-pandemic period. This perception may be influenced by linguistic and cultural factors, as the term
433 used for malaria in their local indigenous language is synonymous with “fever.” Consequently, febrile
434 illnesses may be more readily interpreted as malaria, potentially shaping community perceptions of the
435  disease occurrence and burden. On the other hand, healthcare personnel perceived malaria incidence as
436  relatively stable during the pandemic: “If remained the same. Not many people had it, it didn’t decrease
437  either, it remained the same” [P1]; however, they acknowledged limited awareness of cases in
438  communities accessible for routine visits and surveillance activities. This discrepancy may reflect
439  differences in how malaria burden is experienced and measured. Community perceptions are grounded
440  inlived experience and repeated exposure to illness within households and communities, whereas health
441  personnel rely primarily on reported cases and routine surveillance data. In geographically isolated
442  settings, where barriers to healthcare access may limit case detection, community experiences may
443  capture dimensions of disease burden that remain partially invisible to formal health information
444  systems. The finding highlights the importance of integrating community perspectives with
445  epidemiological surveillance to achieve a more comprehensive understanding of malaria dynamics in
446  hard-to-reach populations.

447

448  Regarding presenting clinical symptoms, chills were also strongly associated with malaria infections.
449  However, interviewees reported symptom overlap between malaria and COVID-19, potentially
450  complicating community-level recognition and health-seeking behavior during the pandemic due to

451  similar symptomatology.
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452 Our qualitative findings revealed that the population in these communities feared COVID-19, altering
453  their health-seeking behavior and healthcare access. Interviewees reportedly abandoned their homes
454  and temporarily moved to distant farm areas to avoid contact with other community members: “They
455  were in other places; this means that some of them were not in the community. They ran away for 3, 4
456  or 5 hours-walk to their farm plots. We couldn't do a follow-up for those who were with malaria” [P2].
457  This behavior limited follow-up by healthcare personnel, potentially affecting malaria diagnosis and
458  treatment continuity. Moreover, interviewees reported relying on herbal or traditional medicine to
459  manage malaria and COVID-19, reflecting adaptive healthcare practices in remote settings with limited
460  healthcare access.

461

462 Overall, our results show that the COVID-19 pandemic may have worsened existing difficulties in
463  malaria control among remote indigenous communities in the Peruvian Amazon. Enhancing malaria
464  surveillance, maintaining consistent diagnosis and treatment, and expanding healthcare access in these
465  geographically isolated areas are crucial steps to support Peru's efforts to eliminate malaria.

466
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467  Strengths and limitations

468  This study has several strengths. First, the convergent parallel mixed-methods design with formal
469  integration via the Pillar Integration Process allowed quantitative and qualitative findings to be
470  systematically combined, generating insights that neither component could have produced alone.
471  Second, malaria diagnosis was confirmed by PCR, enabling detection of submicroscopic infections that
472  routine microscopy misses, a meaningful methodological advantage in a setting where asymptomatic
473 and low-density infections are known to be prevalent. Third, the study was conducted in genuinely hard-
474  to-reach indigenous communities in the Rio Santiago district, a population that is both
475  epidemiologically relevant to Peru's elimination agenda and substantially underrepresented in the
476  malaria literature. Fourth, data source triangulation across community members, community health

477  workers, and health personnel provided multiple perspectives on the same phenomena.

478  Several limitations should be acknowledged. First, the cross-sectional design only allowed estimation
479  of malaria prevalence for each year and precluded the establishment of a temporal sequence between
480  risk factors and malaria infections. Second, the two study rounds are not directly comparable: door-to-
481  door recruitment in 2021 and community-wide announcement-based recruitment in 2022 introduce
482  different participation biases, most plausibly an overrepresentation of symptomatic individuals in 2022,
483  which may partly explain the higher observed prevalence that year. Third, the convenience sample of
484 14 interviews, with predominantly male community participants, may not fully capture the range of
485  community experiences, particularly regarding women's health-seeking behavior and prevention

486  practices.

487 Conclusions

488  The COVID-19 pandemic may have exacerbated pre-existing challenges to malaria control in remote
489  indigenous communities in the Peruvian Amazon. The combined quantitative and qualitative findings

490  suggest that disruptions in healthcare delivery, interruptions in malaria control activities, limited access
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491  to health services, and persistent barriers to community follow-up may have affected malaria

492  surveillance, diagnosis, and continuity of treatment during the pandemic.

493  Our findings highlight the wvulnerability of geographically isolated indigenous communities to
494  disruptions in essential healthcare services during public health emergencies. Strengthening malaria
495  surveillance, improving access to diagnosis and treatment, and ensuring continuity of malaria

496  interventions in remote settings will be critical to supporting malaria elimination efforts in Peru.
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