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List of abbreviations: 32 

SSA: Sub-Saharan Africa 33 

EFV: Efavirenz 34 

NNRTI: Non-nucleoside reverse transcriptase inhibitor 35 

NVP: Nevirapine 36 

LPV: Lopinavir 37 

ART: Antirretroviral therapy 38 

INS: Instituto Nacional de Saúde 39 

SWGA: Selective whole genome amplification 40 

 41 

Abstract  42 

Background 43 

Malaria remains a significant cause of morbidity and mortality, especially in sub-Saharan Africa, 44 

where rates of HIV coinfection are high. This study aimed to determine whether Plasmodium 45 

falciparum malaria treatment outcomes and rates of antimalarial resistance markers differ 46 

according to HIV serostatus in Mozambique. 47 

Methodology 48 

We conducted an observational study of non-pregnant adults, with and without HIV coinfection, 49 

admitted to the Hospital Central de Maputo for treatment of severe malaria. Plasmodium 50 

falciparum DNA was extracted from whole blood and sequenced to identify single-nucleotide 51 

polymorphisms. Statistical analyses to compare clinical outcomes and rates of nonsynonymous 52 

mutations in genes associated with drug resistance were performed in R version 4.2.  53 

Results 54 

We recruited 149 study participants aged between 18-62 years, 72 (48.3%) were female, and 59 55 

(39.6%) were infected with HIV. Comparing clinical outcomes, we found a significant difference 56 

in anemia (hemoglobin <5 mg/dl: P-value = 0.01248) but no other predefined clinical 57 

characteristics including fever, renal dysfunction, or pulmonary edema in those with and without 58 

HIV coinfection. We found significantly higher in hospital mortality in those with HIV coinfection 59 

(P-value = 0.03416, and at 30 days post discharge P-value = 0.007526). Mortality correlated 60 

inversely with CD4 count. Overall mortality at the end of the study was 20.1%. 61 
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We did not find a significant increase in the number of nonsynonymous mutations in known 62 

antimalarial resistance associated genes pfmdr1, pfcrt, pfdhfr, pfdhps, in patients who reported 63 

taking antimalarials prior to admission or in those with HIV coinfection. However, we did find an 64 

increase in rates of K189T pfkelch mutations (21.2% vs 2.7%, p = 0.022) in HIV infected patients. 65 

We found no increase in rates of nonsynonymous mutations in pfdhfr in HIV infected patients 66 

taking TMP-SMX prophylaxis: pfdhfr-pfdhps quintuple mutations were found in almost 100% of 67 

the parasite population.  68 

Conclusions 69 

We find a higher mortality rate in patients with malaria-HIV coinfection, further emphasizing the 70 

importance of effective treatment for this vulnerable population. We also provide an important 71 

baseline for the rate of resistance-conferring mutations in a population at risk of harboring resistant 72 

parasites in Mozambique, highlighting the need for continued surveillance.  73 

 74 

Introduction 75 

HIV-malaria coinfection exacerbates the burden and severity of both diseases and increases 76 

the complexity of clinical management (1). The geographic distribution of these diseases overlaps 77 

particularly in sub-Saharan Africa (SSA) (2). The burden of HIV-malaria coinfection has 78 

particularly dire public health consequences in Mozambique, where both diseases are exceedingly 79 

prevalent. Data collected by the National Monitoring and Evaluation System (SIS-MA) report that 80 

in 2024, 11.6 million cases of malaria were reported in outpatient consultations and 66.8 thousand 81 

cases were admitted for hospitalization, while 358 in-hospital deaths were reported nationwide. 82 

This small country alone accounts for 4% of the current global malaria burden (3).  83 

In addition, Mozambique has one of the greatest prevalence rates of HIV worldwide, 84 

estimated at 12.4% among people aged 15-45 years, corresponding to approximately 2,097,000 85 

HIV-infected adults countrywide, according to the Mozambique Population-Based HIV Impact 86 

Assessment 2021 (4). HIV prevalence reaches 15.4% in the Province of Maputo, where the 87 

country’s capital and largest city is located. Approximately 63,000 new annual HIV infections are 88 

estimated to occur among adults (4).  89 

Malarial infection in Mozambicans living with HIV ranges from subclinical to life-90 

threatening disease (5). HIV coinfection has been associated with increased malaria severity and 91 
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mortality, particularly in children and pregnant women (6–8). Published literature reporting the 92 

severity of clinical outcomes in coinfected nonpregnant adults is less consistent.  93 

Although some studies have reported no differences in outcomes between adults with and 94 

without HIV with severe malaria (9), many others, particularly in SSA, report HIV coinfection to 95 

be correlated with worse outcomes in pregnant as well as nonpregnant adults (2,7).  One prior 96 

hospital-based study carried out in Maputo reported higher parasite densities and increased 97 

frequencies of respiratory distress, abnormal bleeding, jaundice, renal impairment, and 98 

hypoglycemia, with a greater in-hospital mortality due to P. falciparum malaria (13% vs. 2%), in 99 

HIV-coinfected compared with HIV-uninfected adult patients (8).  100 

Malaria and HIV interact to cause dysregulation of the immune system. Independently, 101 

HIV and malaria interact with the host immune system to trigger complex activation of immune 102 

cells, which causes altered cytokine levels and antibody production (2,10). Furthermore, HIV 103 

targets CD4+ T cells, which play an important role in the development and maintenance of 104 

antimalarial immunity. Mechanisms of dysregulation include widespread lymphoid necrosis, 105 

hyperactivation of CD4+ and CD8+ T cells to secrete cytokines, and HIV-induced reduction in 106 

CD4+ T cells. In summary, HIV and malaria coinfection work together to enhance immune 107 

dysregulation both via suppression and hyperactivation, leading to increased severity of 108 

presentation of both infections (2,11). 109 

In addition to the described effect of HIV infection on increasing the severity of 110 

Plasmodium spp. infection, HIV, and antiviral therapies also alter antimalarial drug metabolism, 111 

impairing the protection offered by antimalarial treatment and increasing rates of adverse 112 

reactions. Furthermore, this supports the selection of mutant strains associated with resistance to 113 

antimalarial drugs, facilitating increased burden of disease and rates of malaria transmission 114 

(2,10,12). 115 

Antimalarial resistance constitutes one of the biggest barriers to controlling malaria in 116 

endemic countries (13). Interactions between several antimalarials and antiretroviral drugs have 117 

been reported to affect the efficacy of artemisinin-based combination therapies (2,14–16). For 118 

example, Efavirenz (EFV), a non-nucleoside reverse transcriptase inhibitor (NNRTI), is a known 119 

CYP450 inducer leading to increased metabolism of both artemether and lumefantrine (16,17). 120 

Similarly, Nevirapine (NVP) co‐administration with artemether‐lumefantrine leads to decreased 121 

and subtherapeutic artemether levels (18,19). This has also been described for protease inhibitors. 122 
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Co-administration of Lopinavir (LPV) and artemether‐lumefantrine results in decreased 123 

artemether but increased lumefantrine blood concentrations (20,21). 124 

Accumulating evidence from the past decades mostly refers to the effect of HIV on malaria 125 

in the absence of effective antiretroviral therapy (ART). However, as of 2022, 91% of all adults 126 

with HIV from low and middle-income countries have been receiving dolutegravir-based ART 127 

regimens recommended by the World Health Organization (22). This represents a major shift from 128 

earlier treatment policies, as in 2016 the first-line ART regimen in Mozambique was still 129 

predominantly efavirenz based (23). Data collection in our study found 61% of participants with 130 

HIV were on ART (Table 1), aligning with data from other studies in this period. In Mozambique 131 

in 2021, 69% of the adults living with HIV were on ART and 96% of those were aware of their 132 

HIV-positive status according to  the Instituto Nacional de Saúde (INS) in Mozambique (4).  133 

Whether HIV-coinfection continues to pose a substantial risk of malaria complications and 134 

mortality in sub-Saharan Africa in the current era of widely available and affordable ART is 135 

uncertain. Here, we address this knowledge gap by comparing the clinical features and prevalence 136 

of adverse outcomes in a series of HIV-infected and HIV-uninfected adults with severe malaria 137 

admitted to the largest hospital in Mozambique. We also compare antimalarial therapy related gene 138 

mutations across population subsets. From the results, we hope to inform recommendations 139 

regarding the management of malaria in the context of HIV. 140 

 141 

Methods 142 

Study site and design 143 

This study was conducted at the Hospital Central de Maputo (HCM), a 1,200-bed 144 

quaternary teaching hospital of the Faculty of Medicine of Eduardo Mondlane University in 145 

Maputo, Mozambique (24). Maputo city (population, 1,136,296) is located in the southern part of 146 

the country, on the west side of Maputo Bay. HCM serves as a referral center for residents in 147 

Maputo city and patients from all over the country (24). Mozambique has two main seasons: a hot 148 

and rainy season (November to March) and a dry season (April to October). Despite these seasonal 149 

fluctuations, the tropical climate in Mozambique presents patterns of precipitation, temperature, 150 

and humidity that lead to the continuous transmission of malaria throughout the year (25).  151 

This single-center cross-sectional study included non-pregnant adult patients >18 years of 152 

age admitted to MCH with severe malaria (defined below). Between December 2016 and March 153 
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2018, we enrolled 149 patients who presented to the Emergency Department with P. falciparum 154 

infection confirmed by a First Response® Malaria Antigen P. falciparum (HRP2 - 91% sensitivity) 155 

or thick-blood smear microscopy (100 microscopic fields). Based on clinical assessment, patients 156 

were admitted to either the intensive care unit (ICU) or medicine wards.  This study was approved 157 

by the National Bioethics Committee of Mozambique and the Human Research Protections 158 

Program of the University of California, San Diego (UCSD). 159 

 160 

Laboratory measurements 161 

Malarial infection was confirmed by expert microscopy. Two technicians independently 162 

read Giemsa-stained thick smears prepared on admission, and a third microscopist, blinded to the 163 

original results, examined any slides with discordant results. Parasitemia was estimated as follows: 164 

parasites/L = parasite count per 200 white blood cells (WBC)  WBC count/L measured on 165 

admission/200 (26). Self-reported HIV infection status was confirmed by laboratory testing upon 166 

admission (see below). CD4+ T-lymphocyte counts were determined only for HIV infected 167 

participants. Samples of whole blood were frozen for shipment to UCSD, IGM Genomic Center 168 

for further processing. 169 

 170 

Case definitions 171 

Severe malaria was defined by the presence of one or more modified World Health 172 

Organization clinical and laboratory criteria (27) among patients with laboratory-confirmed P. 173 

falciparum infection and no other identified alternative cause. Severity criteria included (a) 174 

hyperparasitemia [two tentative parasite density thresholds: >100,000 P. falciparum blood 175 

stages/L (approximately 2.5% parasitemia) and >200,000/L (5% parasitemia)], (b) unrousable 176 

coma (Glasgow coma score < 9), (c) multiple convulsions (>2 episodes within 24 h), (d) metabolic 177 

acidosis (plasma bicarbonate <15 mmol/L), (e) severe anemia (hemoglobin <5 g/100 mL), (f) 178 

evidence of renal impairment (plasma creatinine >265 µmol/L and/or urine output <400 mL within 179 

24 h), (g) hypotension (systolic blood pressure <70 mmHg); (h) radiologically confirmed 180 

pulmonary edema, (i) jaundice (total plasma bilirubin >50 µmol/L), and (j) abnormal bleeding, 181 

including recurrent or prolonged bleeding from the nose, gums, venipuncture sites, or hematemesis 182 

or melena.  183 
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HIV positivity was defined as a previously documented HIV positivity or a positive 184 

Alere™ HIV 1/2 test (Alere Medical Co., USA), a rapid immunochromatographic assay, followed 185 

by a positive Uni-Gold™ HIV test (Trinity Biotech, Ireland), on admission. Most HIV-infected 186 

patients had CD4+ lymphocyte counts determined on admission at HCM using flow cytometry; 187 

otherwise, we considered the most recent available CD4+ count. Viral load estimates were not 188 

available.  189 

 190 

Generation of Whole Genome Sequences data and variant calling 191 

Samples from 120 subjects were shipped on dry ice from Maputo to UCSD. All methods 192 

regarding selective whole genome amplification (SWGA) and variant calling have been described 193 

in detail in an earlier publication (28). Variants were annotated using SnpEff, with focus on 194 

missense mutations in genes previously associated with drug resistance (pfcrt, pfmdr1, pfdhfr, 195 

pfdhps, pfkelch13, and pfaat1).  196 

Data Analysis  197 

Data were collected using REDCap (29) and analyzed using R version 4.2 (R Core Team 198 

(2022). R: A language and environment for statistical computing. R Foundation for Statistical 199 

Computing. https://www.R-project.org/). For comparing clinical outcomes with dichotomous 200 

classifications, P-values are from chi squared tests, or Fisher’s exact test (when count <5 in any 201 

group). When comparing missense mutations in known drug resistance genes across population 202 

subsets including differing HIV status or prior drug exposure, P-values are from Fisher’s exact 203 

tests. 204 

 205 

Results: 206 

Demographic and Clinical Characteristics 207 

Demographic and clinical data were available for 149 subjects (Table 1).  Subjects had an 208 

average age of 42.3 years (18-62): 48.3% were women and 51.7% men. Of this cohort, 40.9% had 209 

known HIV infection, and 5.4% had unknown HIV infection status due to missing confirmatory 210 

testing.  211 

In the HIV infected group, thirty-six participants (61.0%) were taking antiretroviral therapy 212 

(ART) on admission. ART regimens included tenofovir (TDF)-lamivudine (3TC)-efavirenz 213 
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(EFV), zidovudine (AZT)-3TC-nevirapine (NVP), abacavir (ABC)-3TC-EFV, and AZT-3TC-214 

lopinavir-ritonavir (LPV/r) (Table 1). Only 25 HIV-infected patients (42.4%) were reportedly 215 

taking co-trimoxazole when admitted to HCM. Although nearly two-thirds of the HIV infected 216 

patients were on ART, the mean CD4+ cell count was 178/L (95% CI, 119-176/L). Only 8.8% 217 

of the 45 HIV-infected individuals with recent measurements had more than 350 CD4+ cells/L 218 

(Table 1).  219 

On admission, all but two patients (98.6%) received intravenous artesunate at the HCM 220 

Emergency Room (standard dose of 2.4 mg/kg of body weight). One (HIV non-infected) patient 221 

was given intravenous quinine followed by oral quinine-doxycycline and one (HIV infected) was 222 

initially given oral artemether-lumefantrine followed by intravenous artesunate upon transfer to 223 

the medicine ward. Notably, no patients had persistent parasitemia after 72 hours of 224 

hospitalization.  225 

Overall mortality was 20.1% including in-hospital mortality and within 30 days of 226 

discharge.  227 

 228 

Table 1. Coinfection rates according to demographic, clinical features and antiretroviral 229 

regimen of study participants.  230 

 231 

 HIV infected 

(Total = 59) 

HIV non-infected 

(Total = 82) 

P-valuea 

Characteristic 

Age group* [No. (% of total)]  

18-40 years 32 (54.2)  42 (51.2) 

0.923 41-59 years 21 (35.6) 21 (25.6) 

60+ years 6 (10.2) 16 (19.5) 

Female sex [No. (% of total)] 29 (49.1) 41 (50.0) 

No. (%) on antiretroviral therapy 

(ART) on admission 

 

TDF+3TC+EFV 29 (80.6)  

0.030 
AZT+3TC+NVP 4 (11.1)  

ABC+3TC+EFV 2 (5.6)  

AZT + 3TC + Lopinavir/R 1 (2.8)  

Other medication history  

Antimalarial use prior to admission, 

n (%) 

21 (35.6) 15 (18.3) 0.033b 
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Cotrimoxazole on admission, n (%) 25 (42.4) 1 (1.2) 2.50e-

08c,d 

CD4 cell count (cells/L)b 

No. (%) <350 cells/L 41 (69.5%)   

Parasite density (%)e 

% Parasitemia 0.70 (0.2-

5.68)% 

1.60 (0.2-15.56)% 0.067f 

Blood cell counts (cells/L)#    

White blood cells (WBC)  7956 (600-

23000)/L 

7491.5 (100-

37300)/L 

0.591f 

Platelets  73084.7458 

(4000-

346000)/L   

87314 (4,000-

516,000)/ L 

0.267f, g 

Hemoglobin, g/100 mL  7.8 (2.8-14.9) 

g/100 mL 

9.5 (3.6-16.3) 

g/100 mL 

0.005f 

Demographic and clinical data for 149 subjects admitted to Maputo Central Hospital with severe 232 

malaria. Overall, 59 (39.6%) patients were confirmed to have HIV coinfection and 8 patients had 233 

an undetermined HIV status. 234 

*Missing data from 2 subjects 235 
#[mean (range)] 236 
a P value for chi-square test for a comparison between HIV infected and HIV non-infected 237 

patients unless otherwise specified 238 
b Data from 58 HIV infected and 82 HIV non-infected participants 239 
c P value for Fisher’s exact test for a comparison between HIV infected and HIV non infected 240 

patients 241 
d Data from 54 HIV infected and 68 HIV non-infected participants 242 
e Data from 45 HIV infected participants; measurements were done at HCM (37 patients) or 243 

other health facilities (8 patients).  244 
f P value for Student’s t test for a comparison between HIV infected and HIV non-infected 245 

patients  246 
g Data from 59 HIV infected and 81 HIV non-infected participants 247 

 248 

HIV status vs clinical outcome 249 

Clinical indicators and outcomes between study participants with severe malaria with or 250 

without HIV were compared. We found no significant difference in the severity of predetermined 251 

clinical symptoms such as of pulmonary edema, mental status (CGS score <9), evidence of 252 
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abnormal bleeding or disseminated intravascular coagulations (DIC), hypotension (SBP<70 253 

mmHg), fever greater than 40 °C, elevated blood urea nitrogen (BUN>15 mg/dL) or bilirubin (>2.5 254 

mg/dl) between populations (Table 2). However, patients with HIV coinfection were significantly 255 

more likely to have a hemoglobin <5 mg/dL compared to those without HIV (P-value = 0.01248, 256 

via Pearson’s chi-squared test).  257 

Regarding mortality, patients with previously documented HIV infection or with positive 258 

rapid test on admission had significantly higher levels of mortality prior to discharge (P-value = 259 

0.03416, Pearson’s chi-squared test) and at 30 days post discharge (P-value = 0.007526, Pearson’s 260 

chi-squared test) (Table 2).  261 

 262 

Table 2. Clinical features and outcomes of study participants.  263 

Clinical symptoms on 

admission 

HIV infected 

(n = 59) 

HIV non-infected 

(n = 82) 

P-valuea 

Hypotension (SBP<70 mmHg) 1 (1.69) 3 (3.66) 0.6335b 

Fever (T >=40°C) 17 (28.8) 22 (26.6) 0.9613 

Abnormal bleeding or DIC 3 (5.1) 1 (1.22) 0.3158b 

Total Bilirubin > 2.5 mg/dl 12 (20.3) 14 (17.1) 0.7418 

GCS <9 18 (30.5) 14 (17.1) 0.09168 

Urea >15 mg/dL 31 (52.6) 30 (36.6) 0.1137 

Hgb <5 mg/dL 20 (33.9) 12 (14.6) 0.01248 

Pulmonary edema 5 (8.5) 1 (1.22) 0.0849b 

Clinical outcomes 

Survival on discharge 48 (81.4) 73 (89.0) 0.03416 

Survival at 30dc 40 (67.8) 66 (80.5) 0.007526 

HIV infected patients were significantly more likely to have a Hgb <5 mg/dL, and had higher rates 264 

of mortality prior to discharge and at 30d post discharge. P-values are from chi squared tests, or 265 

fisher’s exact test (when count <5 in any group).   266 
 267 
a P-value for a chi-square test for a comparison between HIV infected and HIV non-infected 268 

patients unless otherwise specified 269 
b P-values calculated via Fisher’s exact test 270 
cData from 56 HIV infected and 79 HIV non-infected patients 271 

 272 
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When comparing patient CD4 count on admission to survival, we found a significant 273 

decrease in survival in those with CD4 counts less than 100 cells/L. Those with CD4 counts <100 274 

cells/L had a 30-day probability of survival <35%, while those with CD4 counts >150 cells/L 275 

had 30-day probability of survival >80%, similar to participants without HIV coinfection (Figure 276 

1). 277 

 278 

Figure 1: Survival by CD4 count. There was no statistical difference in survival between HIV 279 

non-infected patients and those with CD4 >150 cells/L (p = 0.6632) or CD4 count between 100-280 

150 cells/L (p = 0.5779). However, there was a statistical difference in survival between HIV 281 

non-infected patients and those with CD4 <100 cells/L (p<0.0001). Statistical analysis performed 282 

via Log-rank (Mantel-Cox) test.  283 

 284 

Artemisinin resistance evaluation  285 

Antimalarial pretreatment 286 

We compared rates of mutations in resistance conferring genes between patients who 287 

reported taking antimalarials prior to admission and those who did not. Of patients from whom 288 

sequences were obtained, 26 reported taking antimalarials prior to admission. Most often previous 289 

treatment was with artemether lumefantrine (Coartem) (20), followed by artesunate (4), artesunate 290 

+ doxycyline (1), and Coarsucam (ASAQ) (1). We did not find any significant increase in the rates 291 

of missense mutations in pfmdr1, pfcrt, pfdhfr, pfdhps, pfkelch13 or pfaat1 in patients who reported 292 

taking antimalarials prior to admission (Supplementary Table 1). 293 

HIV status vs molecular markers of resistance 294 

HIV infected patients were more likely to be taking Trimethoprim/sulfamethoxazole (Co-295 

trimoxazole) on admission (P-value = 4.427e-9) which was hypothesized to result in increased 296 

mutation rate in genes conferring antifolate resistance, such as the dihydrofolate reductase (pfdhfr) 297 

gene. However, we find no difference in the rates of nonsynonymous mutations in pfdhfr between 298 

HIV-infected and noninfected patients, owing to the near 100% prevalence of pfdhfr-pfdhps 299 

quintuple mutations in the parasite population HIV infected patients were also more likely to have 300 

taken antimalarial medications prior to admission (P-value = 0.02948); however, we did not find 301 

a statistically significant increase in missense mutations in pfcrt, pfdhps, pfmdr1, or pfkelch13. 302 

(Table 3). Rates of K189T mutation in pfkelch13 in the HIV infected group were notably higher, 303 
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21.2% compared with 2.7% in the HIV non-infected group, with a significant p-value (p = 0.022). 304 

Although associated with delayed parasite clearance in population studies in Nigeria(30), this 305 

mutation is not in the kelch13 protein propeller domain, the site of most mutations that have been 306 

confirmed in vitro to play a role in artemisinin resistance(31). 307 

   308 

Table 3: Prevalence of missense mutations in drug resistance genes among study 309 

participants.  310 

Proteins 

name 

Description HIV infected 

AA substitution 

(#variants/total callable) 

HIV non-infected 

AA substitution 

(#variants/total callable) 

P 

valuea,b 

DHFR-TS Bifunctional dihydrofolate 

reductase-thymidylate 

synthase 

p.N51I (33/33) 

p.C59R (33/33) 

p.S108N (32/32) 

p.N51I (39/39) 

p.C59R (38/39) 

p.S108N (39/39) 

NS 

NS 

NS 

PPPK-

DHPS 

Hydroxymethyldihydropteri

n pyrophosphokinase-

dihydropteroate synthase 

p.S436A/C(1/35)a 

p.G437A (2/35) 

p.K540E (31/34) 

p.S436A/C(1/38)b 

p.G437A (2/38) 

p.K540E (35/38) 

NS 

NS 

NS 

MDR1 Multidrug resistance protein 

1 

p.Y184F (15/33) 

p.D642G (3/32) 

p.N652D (13/30) 

p.Y184F (17/36) 

p.D642G (2/34) 

p.N652D (18/34) 

NS 

0.67 

0.46 

CRT Chloroquine resistance 

transporter 

p. D24Y (1/34) p. D24Y (0/38) NS 

KELCH13 Kelch protein K13 p. K189T (7/33) 

p. T192P (1/34) 

p. R255K (0/34) 

p. K189T (1/37) 

p. T192P (0/38) 

p. R255K (1/39) 

0.022 

0.47 

NS 

Among the mutations analyzed, only the K189T variant in pfkelch13 showed a significant 311 

difference in prevalence between the HIV infected and HIV non-infected groups. 312 
aP values calculated using Fischer exact test 313 
bNS = p > 0.9 314 
cSensitive genotype: reference strain 3d7 is sulfadoxine resistant with an A437G mutation 315 

 316 

Discussion 317 

In this study, we investigated clinical outcomes and artemisinin resistance patterns in 318 

patients co-infected with HIV and severe malaria in Maputo, Mozambique. Our results show an 319 

overall mortality rate of 20.1%, including in-hospital mortality and within 30 days of discharge, 320 

with a significant difference in survival between HIV infected and non-infected patients. These 321 
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results highlight the need for an increased level of care and prompt effective treatment for malaria 322 

patients co-infected with HIV, especially in those with CD4 counts <100 cells/L. 323 

Our study found no significant increase in mutation rates in malaria resistance-related 324 

genes for patients who reported antimalarial use prior to admission. Our results suggest that 325 

although HIV infection may influence the severity and increase the risk of mortality in patients 326 

with severe malaria, we found no evidence that it is directly associated with antimalarial drug 327 

resistance. However, additional studies are needed to fully understand the impact of coinfection 328 

on antimalarial drug resistance. We also suspect that many SNP rates already reaching fixation in 329 

the parasite population obscures differences we might have found between HIV serostatus groups. 330 

HIV status vs clinical outcome 331 

In general, in clinical terms, those with HIV had higher proportions of severity-defining 332 

parameters used in the study: pulmonary edema, mental status (CGS score <9), evidence of 333 

abnormal bleeding or disseminated intravascular coagulations (DIC), elevated blood urea nitrogen 334 

(BUN>15 mg/dL) or bilirubin (2.5 mg/dL) and anemia (hemoglobin<5 mg/dL). Similar findings 335 

have been reported by other studies in Mozambique (6,8) and neighboring countries such as South 336 

Africa (15,32) and Zambia (33). However, none of these differences reached statistical 337 

significance in our study, other than anemia, which is a known sequela of HIV infection (34). 338 

However, this degree of anemia suggests that hemoglobin levels are also likely exacerbated by the 339 

severity of malaria illness perpetuated by HIV infection, rather than HIV infection alone, and 340 

anemia is known to be significantly associated with malaria severity (6,9,35).  341 

Previous studies have reported HIV status to modulate the severity of sequelae of malaria 342 

infection (8,32). However, in our study, enrolled patients already met criteria for severe malaria 343 

and per definition were exhibiting clinical symptoms of severe disease. This likely resulted in 344 

masking the ability of HIV serostatus to result a further increase in severity of symptoms. It is also 345 

possible that our sample size was not large enough to reach statistical significance given this effect 346 

of studying severe malaria. 347 

We observed a significant difference in mortality rates between those with and without 348 

HIV infection. Our study corroborates what others have shown that HIV infection confers an 349 

increased risk of mortality in patients with severe malaria (36). Furthermore, we show that patients 350 

with advanced HIV and CD4 counts less than 100 cells/L had significantly higher rates of 351 
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mortality than those with CD4 counts >150 cells/L. It is important to consider possible factors 352 

that may contribute to the disparities in outcomes observed between patients co-infected with HIV 353 

and malaria. Immunosuppression caused by HIV can compromise the ability of the host's immune 354 

system to control the replication of the malaria parasite, leading to an exacerbated inflammatory 355 

response and greater severity of the disease (2,10). Also, the presence of other comorbidities 356 

associated with HIV, such as opportunistic infections, which occur at higher frequency with lower 357 

CD4 counts can complicate or influence clinical outcomes of patients (37). Furthermore, severe 358 

anemia associated with HIV infection can contribute to morbidity and mortality in patients with 359 

severe malaria, increasing the risk of complications (8,34). HIV co-infection may also have 360 

implications for the clinical management of patients with severe malaria, as patients with HIV may 361 

have a suboptimal response to antimalarial treatments due to altered pharmacokinetics or drug 362 

interactions with antiretroviral therapies (2,14–16). 363 

However, factors such as the immunological status of the patients, adherence to 364 

antiretroviral treatment, and promptness in diagnosing and treating malaria can significantly 365 

influence clinical outcomes (7). Integrated health care strategies that address both HIV infection 366 

and malaria, such as integrating screening and treatment services, may be essential to improve 367 

outcomes in co-infected patients. 368 

Antimalarial resistance evaluation 369 

When investigating antimalarial resistance, we compared the rates of mutations in 370 

resistance-related genes between patients who reported using antimalarials before admission and 371 

those who did not. We hypothesized that severe malaria patients reporting recent treatment may 372 

have a higher likelihood of carrying resistant parasites. However, we did not find any significant 373 

differences in rates of resistance conferring mutations in patients reporting prior antimalarial use. 374 

This could be due to our study limitations including challenges in reporting, small sample size, 375 

and our screening a limited number of genes. We found a significant difference in rates of 376 

antimalarial pretreatment in patients with HIV coinfection. This could likely be attributed to 377 

increased contact with healthcare system and access to treatments. It could also indicate higher 378 

rates of treatment failure in HIV infected patients due to the mechanisms previously described 379 

such as drug-drug interactions between antimalarials and antiretrovirals resulting in inadequate 380 

plasma concentrations of antimalarial medications.  381 
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We also hypothesized that patients with HIV coinfection might be at increased risk of 382 

harboring resistant parasites due to reduced immune pressure allowing less-fit, drug-resistant 383 

parasites to survive and replicate, as well as recurrent or prolonged infection, and exposure to 384 

cotrimoxazole prophylaxis (38,39). However, we found no significant differences comparing rates 385 

of known resistance conferring mutations between HIV infected and non-infected populations.  386 

We did find a significant, 10-fold increase in rates of pfkelch K189T mutations in the HIV 387 

infected population compared to the HIV non-infected group. While N-terminal K189T mutations 388 

have been associated with delayed parasite clearance(40), to our knowledge, there are no reports 389 

in which CRISPR-Cas9 genome editing has been used to demonstrate that an isolated K189T allele 390 

confers resistance to the endoperoxide class (artemether, artesunate, OZ439, DHA, etc.) of 391 

antimalarial in a laboratory setting.  In addition, the mutation is not located in the Kelch13 protein’s 392 

propeller domain (amino acids 430–723), the domain associated with most PfKelch13 mutations 393 

that have been proven to confer resistance in a laboratory setting(31). Nevertheless, a recent study 394 

showed that laboratory-provided artemisinin drug pressure could select for a P413A mutation in 395 

the non-propeller BTZ/POZ domain of pfkelch13(41) . Furthermore, most studies on pfkelch13 396 

involve testing with dihydroartemisinin (DHA), and in Mozambique artemether is used.  Finally, 397 

the standard Ring-Stage-Survival assay(42)  that is used to study propeller domain mutations may 398 

not necessarily reveal phenotypic changes from non-propeller mutations. Thus, more work is 399 

needed. 400 

If indeed the K189T mutation has a real impact, its overrepresentation in HIV populations 401 

could be due to the several reasons. We hypothesize that patients living with HIV could be at 402 

higher risk of harboring resistance parasites due to decreased immune pressure, allowing for 403 

propagation of resistance mutations that carry a fitness cost such as K189T. As such, this 404 

population could provide a unique reservoir of parasites under decreased survival pressure from 405 

the host immune system.  These patients should continue to be evaluated closely for emerging drug 406 

resistance and the development of de novo mutations.  407 

It is also possible that increased exposure to the medical interventions in these patients 408 

could lead to increased exposure to prior antimalarial treatment.  While there was no notable 409 

difference in mutation rates between patients who had recently taken antimalarial prior to 410 

admission, we do not know about previous history of antimalarial treatment for these patients. We 411 
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know that Cotrimoxazole exposure was higher in the HIV positive population and that 412 

cotrimoxazole is associated with mutations in pfdhfr and pfdhps, that due to its disruption of the 413 

folate pathway. However, we are not aware of any biological mechanism by which the K189T 414 

mutation would confer a selective advantage under cotrimoxazole pressure. ART exposure itself 415 

may impose selective pressure, as protease inhibitors and NNRTIs have documented antiparasitic 416 

effects. This could favor parasites harboring polymorphisms such as K189T, or alternatively, 417 

K189T may be linked to other mutations under selection by ART exposure.  418 

Finally, it is possible that differences in malaria transmission intensity between populations 419 

of HIV infected and HIV non-infected individuals can create confounding effects that influence 420 

the observed prevalence of certain parasite mutations, including K189T, related to delayed parasite 421 

clearance (30). Lower malaria transmission settings often overlap with areas of higher HIV burden. 422 

In the case of pfdhps and pfdhfr, a lack of difference in mutation rates was due to rates 423 

reaching fixation across both populations. We hypothesized that higher rates of cotrimoxazole 424 

exposure in the HIV infected group would result in higher rates of sulfoxide resistance (43). In our 425 

data, the homogeneously resistant parasite population inhibited our ability to differentiate mutation 426 

rates between populations.  427 

Conclusion 428 

In conclusion, our data contribute to the growing body of data revealing increased mortality 429 

risk in malaria patients with HIV coinfection. In addition to increased risk of death, these patients 430 

have many risk factors for the development of parasite drug resistance including prolonged 431 

infection due to immunosuppression, exposure to prophylaxis with sulfonamides, and drug 432 

interactions resulting in suboptimal antimalarial dosing. Despite these risk factors, our analysis 433 

reports no significant increase in known drug resistance conferring SNPs in HIV coinfected 434 

patients. As mentioned, this could be due to limitations of the study such as a small sample size 435 

and the differences noted in rates of K189T mutations warrant further investigation. Additionally, 436 

our screen was limited to known resistance conferring SNPs and it is possible that these patients 437 

harbor yet undiscovered mutations affecting treatment efficacy which would also provide an 438 

additional explanation for the worse outcomes observed in coinfected patients receiving treatment 439 

for severe malaria. Overall, this work highlights the importance of effective treatment and close 440 

surveillance in this high-risk population. 441 
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